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ON  COMPOUND  ENGINES. 


From  "  Naval  Science." 


The  action  of  steam  in  a  pair  of  simple  or 
non-compound  engines  can  be  predicted 
with  certainty,  and  the  indicator  diagrams 
which  describe  its  varying  pressure  and 
volume  can  be  constructed  with  very  suffi- 
cient approximation  to  the  actual  perform- 
ance,-  when  the  size  of  the  cylinders,  and 
the  rates  of  expansion  are  determined.-  But 
we  know  of  no  published  rules  which  will 
accomplish  the  same  results  for  that  most 
important  class  of  compound  engines — viz. : 
those  fitted  with  a  receiver. 

The  horse-power  developed  will  be  inde- 
pendent (with  one  slight  exception,  to  be 
noticed  afterwards)  of  the  relative  volumes 
of  the  cylinders,  of  the  size  of  the  receiver, 
and  of  the  cut-off  in  the  low-pressure  cylin- 
der. At  the  same  time  the  pressure  at  any 
point  of  the  stroke  will  be  affected  by  each 
of  these  considerations — so  also  will  the 
mean  forward  pressure  in  the  one  cylinder, 
and  the  mean  back  pressure  in  the  other. 
Upon  the  choice  of  these  quantities  will  de- 
pend, then,  the  proportion  of  work  done  in 
each  cylinder,  and  consequently  the  value 
of  the  maximum  strains  on  the  piston  and 
shafting — in  short,  the  efficiency  of  the  en- 
gine. We  propose  in  this  article  to  inves- 
tigate a  formula  which  shall  determine  the 
pressure  at  any  part  of  the  stroke  ;  by  aid 
of  this  to  construct  the  indicator  diagrams 
corresponding  to  various  proportions  of 
cylinders  and  points  of  cut-off  in  the  large 
cylinder,  preserving  the  same  total  ratio  of 
expansion  and  the  same  horse-power;  to 
discuss  the  effects  of  these  proportions,  first 
Vol.  IX.— No.  1—1 


on  the  division  of  work  between  the  two 
cylinders  ;  next,  on  the  maximum  straining 
effect  on  the  piston  ;  and  lastly,  on  the  maxi- 
mum torsion  of  the  shafting. 

For  greater  simplicity  it  will  be  con- 
venient to  neglect  the  obliquity  of  the  con- 
necting rod,  and  also  to  suppose  all  the  steam 
exhausted  at  the  end  of  the  stroke. 

The  value  of  the  cut-off  used  will  repre- 
sent the  real  effective  cut-off — that  is,  where 
allowance  has  been  made  for  wire  drawing, 
clearance,  and  cushioning.  The  expansion 
of  the  steam  is  supposed  to  take  place  ac- 
cording to  the  hyperbolic  law. 

In  every  case  considered  there  are  two 
cylinders  with  cranks  at  right  angles  and  an 
intermediate  receiver. 

The  position  of  either  piston  correspond- 
ing to  any  angle  of  the  cranks  must  first  be 
determined. 


Let  CFED  represent  the  crank  pin  circle. 
C  D  represent  the  centre  line  of  cylinder. 
0  E  be  the  position  of  one  crank  (that  of  the 

low  pressure  cylinder  for  instance). 
O  F  that  of  the  other. 
/_  D  0  E  =  0. 
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If  6  be  less  than  90°  :— 
Portion  of  stroke  performed  by  low-pres- 
snre  piston 

AD  vers  8 

~  C^D"~~T~, 

Portion  of  stroke  performed  by  high  pres- 
sure piston 

B  D        1  +  sin  8. 
~    CD  =        2 

If  6  be  greater  than  90  deg.  and  0  P, 
0  G  be  the  cranks,  and  Z.D  OF  =  0:- 
Portion  of  stroke  performed  by  low-pressure 
piston. 

-  BD       vers 0 
"CD  =      z~~ 

Portion  performed   by  the  high   pressure 
piston. 

_  A'C      ]-sin  6 


Let 


and 


AD       1  ■    , 
ttt;  —  -  .  then  vers 
LCD        q 


1  +  sin  8       q_±2>/q- 


h 


2 
sin  8 


2 


zq 

y-2  s/g~ 
'lq 


That  is  to  say,  that,  if  the  steam  is  cut  off 
at  —  th  of  the  stroke  on  the  low-pressure 
cylinder,  the  piston  of  the  high  pressure 
cylinder  has  passed  through  the th 

q  _|_  2Vq-1 

or th  part  of  its  stroke,  according 

as  the  steam  is  cut  off  after  or  before  half 
stroke  in  the  low-pressure  cylinder;  or, 
which  is  the  same  thing,  according  as  q  is 
less  or  greater  than  2. 

Let  A  be  the  volume  of  the  high-pressure  cylinder- 
0         "         "        "      low-pressure  cylinder. 
B         "         "        "      receiver, 
r  the  total  ratio  of  expansion. 

Then  ~r  will  be  the  ratio  of  expansion  in 
c 

the  high-pressure  cylinder. 

Let  q  be  the  ratio  of  expansion  in  the  low- 
pressure  cylinder — that  is,  let  the  steam  be 

cut  off  at  —  th  the  stroke  ;  and  let  P  be  the 

q        ■ 
initial  absolute  pressure  of  steam. 

Pirst,  suppose  q  less  than  2.     Then  for 


sure  in  A,  and  as  the  steam  is  expanded 

-—times  in  A,  the  terminal  pressure  in  that 
C 

P  c 
cylinder  will  be .     Again,  since  the  to- 
tal ratio  of  expansion   is  r,  the   terminal 

p 
pressure  in  C  will  be  — -  ;  and  as  the  steam 

is  cut  off  in  0  at  — th  of  its  stroke  the  pres- 

sure  in  C   and  therefore  also  in  B  at  the 
Po 

instant  of  cut-off  will  be n  v 

r  (l.) 

At  this  instant  there  will  be  steam  at 
pressure  — —  occupying  the  volume  B-|-£  A. 
At  the  beginning  of  the  next  stroke  of  C 
this  steam  will  occupy  the  space  B  -f-  — ; 
its  pressure  therefore  will  be 
Tq    B  +  /\ 


"     *  +  -f 


(2.) 


At  any  intermediate  part  of  the  stroke  of 
0  corresponding  to  /_  I)  0  P  =  6  made 
by  the  low-pressure  crank  the  space  occu- 
pied by  the  steam  will  be 

hence  the  pressure  in  B  will  be 
P  q  B+'A 


b  +  a(L±^) 


(3.) 


g-ly/q-i. 


,  writing  1  — £,  where  1= 


g+v?-  , 


2  q       '  °~      "' 2  q 

we  see  that  as  P  is  the  initial  forward  pres- 


Just  before  half-stroke  of  0  this  steam 
C 
occupies  the  space  B  -f-  — ,  its  pressure  is 

therefore 

Por  any  point  of  stroke  from  the  beginning 
and  half  stroke  of  C,  the  steam  occupies  the 
space 

_   ,  C  vers  6    ,    .  1  —  srn  9 

The  pressure  in  B  becomes  accordingly 
Tq  B+ZA 


r    B  +  Cv^  +  A 


sm  8 


(5.) 


At  half-stroke  of  C,  communication  is  made 
between  B  and  A,  the  latter  of  which  con- 
tains a  volume  (A)  of  steam  at  a  pressure 
P  C 
— ;  the  pressure  in  B  will  then  become 
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P^ 
r 


B4iM(B+^)  +  A^ 


B  +  T 


B  +  -2-  +  A 

^(B+,A)+Zg. 

A  +  B+^ 


(6.) 


Just  before  the  cut-off  in  C  this  steam  oc- 
cupies the  space 

B  +  -5-+  A  7, 


and  its  pressure  is 


B+T+(A 


r 


(7.) 


Between  half-stroke  of  C  and  the  point  of 
cut-off,  the  space  occupied  by  the  steam 
corresponding  to  the  angle  d  made  by  the 
low-pressure  crank  is 


B  + 


C  vers  B 


Al—T—J 


and  the  pressure  is 


ZA)  + 


PC 


(8.) 


B+C^^+A- 


'in  6 


2  a 

From  the  cut-off  until  the  end  of  the  stroke 
the  whole  volume  in  connection  with  B  is 

B  +  A  (1±±1, 


The  pressure  in  B  is  therefore 
P?  B  +  *A 


''    B+A( 


1  +  siu  d 


) 


CM 


Formulae  1  to  9  are  sufficient  to  determine 
the  receiver  pressure  corresponding  to  any 
part  of  the  stroke  in  either  cylinder,  when 
the  cut-off  in  the  low  pressure  cylinder 
takes  place  after  the  exhaust  from  the 
high. 

Next  consider  the  case  when  q  is  greater 
than  2. 

Writing  1—V  for 

i±*£E*    so  that  V  =V-*Vf^l 
jAq  %q  * 

we  shall  have  as  before 

Terminal  pressure  in  A  =  — —  * 

P" 

«        it        <<         C  = ' 

r 


P  Q 
Pressure  at  cut-off  in  C  =  — — 

r  (10.) 

Reasoning  as  before,  just  before  half-stroke 
the  pressure  becomes 

Tg  B  +  f  A. 
r  B  ,  (11.) 

At  any  point  intermediate  between  cut-off 
and  half  stroke  of  0  the  pressure  is 

P  q  B-f  I   A 

'  b+a1-:1^-        w 

is 

At  half-stroke  in  C  the   exhaust   from  A 
takes  place  and  the  pressure  rises  to 

Zi(B+rA)  +  ^ 


A  +  B 

The  initial  pressure  in  C  is 


B+f 


(13.) 


04.) 


At  any  intermediate  point  between  half- 
stroke  and  the  end  of  the  stroke  in  C,  the 
pressure  is 

**<B  +  rA)+*° 


B 


u 


1U    0; 


2  (15.) 

At  any  point  before  the  cut-off  the  pressure 


is 


Z£.(B  +  rA,  +  -^ 


O  vers  0             /"l  —  sm  flA 
B  + u +  A  V. ~A ) 


(16.) 


Formulae  10  to  16  give  the  pressure  in 
the  receiver,  corresponding  to  any  part  of 
the  stroke  in  either  cylinder,  when  the  ex- 
haust from  the  high-pressure  cylinder 
takes  place  after  the  cut-off  in  the  low. 

By  finding  the  pressure  at  a  sufficient 
number  of  points  the  theoretical  indicator 
diagrams  of  each  cylinder  can  be  calculated. 
But  in  these  diagrams  allowance  must  be 
made  for  the  imperfect  vacuum  in  the  low- 
pressure-cylinder,  and  for  the  loss  between 
the  two  engines  by  wire-drawing  and  radia- 
tion from  the  receiver. 

The  curves  drawn,  Figs.  1  to  8,  are  ex- 
amples of  these  diagrams;  the  opposite 
curves  with  the  same  letters  are  identical, 
but  these  on  the  left-hand  side  are  drawn 
so  as  to  show  the  forward  pressure  in  C ; 
those  on  the  right-hand  to  show  the  back 
pressure  in  A.     The  middle  jpoints  of  the 
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latter  diagrams  will  agree  with  the  begin- 
ning and  end  of  the  former.  The  first  four 
diagrams  represent  in  each  case  a  total  ex- 
pansion of  12  times ;  the  second  four  are 
drawn  under  the  same  conditions  as  the 
first,  except  that  the-  total  expansion  is  6 
times.     This  total   expansion  will    be   the 

Tig.  1. 


product  of  the  expansion  in  the  small  cylin- 
der and  of  the  relative  volumes  of  the  two 
cylinders — for  example,  if  the  steam  be  cut 
off  at  one-third  stroke  on  the  first  cylinder, 
and  the  volumes  are  as  4  : 1,  since  all  the 
steam  admitted  must  be  used  up  in  the 
stroke,  it  follows  that  the  steam  which  was 

Tig.  2. 


at  first  contained  in  one-third  of  the  small 
finally  occupies  the  whole  of  the  large 
cylinder,  and  has  consequently  been  ex- 
panded to  12  times  its  original  volume — 
the  total  expansion  is  then  perfectly  inde- 
pendent of  the  cut-off  in  the  large  cylinder. 


In  Figs.  1  and  2,  5  and  6,  the  volumes  of 
the  cylinders  are  as  4  :  1 — that  is,  — =  4. 

In  Figs.  3  and  4,  7  and  8,  —  =  2. 

The  various   curves   in  each  figure  cor- 
respond to  different  volumes  of  q,  or  ratios 


of  expansion  in  the  low-pressure  cylinder. 
Thus  Aj  Aj  represents  the  pressure  in  the 
receiver  when  steam  is  maintained  through- 
out the  stroke  of  C — that  is,  when  q  =  1. 
A3  A3  corresponds  to  the  case  when  the 
connection  with  the  receiver  is  closed  at 
one- third  stroke,  or  when  q  =_3.  If  q  = 
2,  one  piston  will  be  at  the  middle  when 
the  other  is  at  the  end  of  the  stroke,  and 
there  will  be  two  curves  according  as  the 
steam  in  A  is  released  just  before  or  just 
after  the  cut-off  in  C  ;  the  lower  curve  cor- 

Fro.  4. 


responds  to  the  latter  assumption,  the  upper 
to  the  former.    In  every  diagram  the  volume 

of  the  receiver,  or  B,  has  been  taken  as  — , 

except  that  the  dotted  line  in  Figs.  2  and 
4  illustrate   the  case  when  B  =  5  A,  and 
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show   the   effect  induced  by  a  very  large 
receiver. 

After  the  connection  between  the  receiver 
and  the  large  cylinder  is  closed,  the  pressure 
in  the  latter  for  the  remaining  part  of  the 
stroke  will  be  the  same  as  if  the  same  total 
expansion  had  taken  place  in  one  cylinder. 
This  will  be  readily  seen  by  considering  its 
final  pressure,  and  tracing  it  backwards  to 
the  point  of  cut-off.  The  curve  B  A1  will 
then  depend  simply  on  the  total  ratio  of 
expansion.  It  will  be  noticed  that  increas- 
ing the  size  of  the  receiver  makes  the  back 
pressure  more  uniform,  and  it  is  obvious 
that  were  the  receiver  infinite  the  curve 
would  become  a  straight  line.  The  mean 
back  pressure  is  also  somewhat  less  as  the 
receiver   is   larger.     With  the   same   total 

Fig.  5. 


ratio  of  expansion,  r,  and  size  of  receiver, 
the  remaining  elements  which  affect  the 
diagram  are  the  relative  volumes  of  the 
cylinders,  and  the  point  of  cut-off  in  C,  the 
low-pressure  cylinder ;  the  latter  of  these 
two  considerations  is  by  far  the  more 
important. 

"When  the  horse-power  required  and  the 
total  ratio  of  expansion  to  be  used  are  de- 
termined, the  volume  of  C  is  also  fixed,  and 
will  be  that  of  a  single  engine  with  the 
same  value  of  r.  The  small  cylinder  can 
have    theoretically    any    size    between    C 

Q 

and  —  ;  the  nearer  the  dimensions  of  the 
r 

two  cylinders,  the  greater  of  course  will  be 

the  actual  volume  of  A. 

The  volume  of  the  receiver  at  any  time 


includes  not  only  the  receiver  proper,  but 
also  the  portion  of  the  two  cylinders  to 
which  the  steam  has  access  at  that  time ;  it 
follows  that  the  smaller  A  is,  the  smaller 
also  is  the  volume  of  the  receiver,  and  vice 

Fig.  6. 


are  less  arched  when 


versa.     So  that  the  back  pressure  curves 

0  <     ,  G 

—  =  4,  than  when   - 
A  A 

—  2. 

The  same  effect  is  induced  by  cutting  off 
early  in  the  large  cylinder,  and  for  the  same 
reason,  as  this  also  curtails  the  space  in  the 
receiver.  As  might  be  expected,  this  irre- 
gularity is  much  more  noticeable  when  r  = 
(]  than  when  r  =  12,  for  in  the  former  case 

Fig.  7. 


twice  the  amount  of  steam  is  admitted  into 
the  small  cylinder,  and  in  consequence  the 
volume  of  the  receiver  is  proportionately 
halved.  This  arched  form  of  the  back  pres- 
sure curve  would  seem  to  be  of  some  slight 
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advantage,  as  it  lessens  the  forward  pressure 
at  that  part  of  the  stroke  where  the  great- 
est bursting  strain  is  thrown  on  the  shaft. 

The  sudden  rise  in  the  middle  of  the  low- 
pressure  diagrams  is  due  to  the  exhaustion 
of  the  steam  from  the  small  cylinder  into 
the  receiver  at  that  part  of  the  stroke. 
Owing  to  the  gradual  opening  of  the  ports 
this  rise  would  not  of  course  be  so  marked 
in  practice. 

The  amount  of  the  rise  will  depend  upon 
the  difference  between  the  final  pressure  in 
A  and  the  pressure  before  exhaust  in  B, 
and  this  latter  will  depend  mainly  upon  the 
cut-off  in  C.  There  will  be  one  point  of 
cut-off  for   every   proportion   of  cylinders, 

Fig.  8. 


such  that  the  release  of  the  high-pressure 
steam  will  make  no  difference  in  the  receiver 
pressure.     This  occurs  very  approximately 

when  q  =  — .     The  pressure  at  the  cut- 

A. 
■p  ~        PC 

off  is  then — -= =  final  pressure  in  A. 

r         A  r 

For  any  greater  value  of  q  the  final  pressure 

in  A  will  be  less  than  that  in  the  receiver 

at  the  same  time  ;  and  on  making  the.con- 

nection  between  the  two,  the  steam  in  the 

receiver  may  be  said  to  exhaust  into  the 

cylinder,  instead  of  that  in  the  cylinder  into 

the  receiver. 

It  has  been  already  remarked  that  the 

mean  back  pressure  depends  mainly  upon 

the  value  of  q — that  the  longer  the  steam  is 


admitted  into  the  large  cylinder  the  less 
will  be  the  horse-power  developed  in  it.  So 
that  by  altering  the  value  of  q  we  are  able 
to  vary  within  very  wide  limits  the  propor- 
tion in  which  the  work  is  distributed  be- 
tween the  two  cylinders.  Perhaps  the 
earliest  cut-off  useful  in  practice  would  be 

C 
when  q  =  —  ;  the  backward  and  forward 

A. 

pressures  in  A  would  then  be  equal  at  the 
end  of  the  stroke ;  it  will  be  seen  hereafter 
that  if  q  has  any  less  value  there  is  always 
a  loss  of  work  as  the  steam  passes  from  one 
cylinder  to  the  other,  and  that  this  loss  may, 
under  certain  circumstances,  attain  very 
considerable  proportions.  The  actual  amount, 


Tig.  9. 


B    C 


5  A 

and  also  the  proportion  of  work  done  in  the 
two  cylinders,  will  be  seen  most  clearly  by 
combining  the  high  and  low  pressure  dia- 
grams. This  can  be  readily  effected  in  the 
following  manner : — 

In  Fig.  9  let  abscissae  measured  along  0 
A  represent  volumes  of  the  cylinder  swept 
through  by  the  piston,  and  ordinates  meas- 
ured on  0  B  the  pressures  at  corresponding 
times.  Let  0  A  represent  the  volume  of 
the  large  cylinder,  which,  as  before  stated, 
will  be  that  of  a  simple  engine  developing 
the  same  power  under  the  same  total  ex- 
pansion. Then  the  hyperbola  OBCDA 
will  be  the  expansion  curve  of  such  steam 
in  a  simple  engine  working  under  the  same 
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final  and  initial  pressures.  The  area 
0  B  C  D  A  will  represent  the  work  done  in 
this  engine,  and  will  also  represent  the  sum 
of  the  work  done  in  the  pair  of  compound 
cylinders,  if  there  are  no  losses  incurred  in 
the  passage  of  the  steam  from  the  high  to 
the  low  pressure  cylinder. 

In  other  words,  the  combined  horse-power 
of  the  compound  engines  can  never  be 
greater  than  that  of  the  simple  engine 
working  under  the  same  conditions  ;  but 
may,  and  in  practice  always  must,  be  less. 

On  0  A  take  0  S,  such  that  -jy-g  =  -j . 

With  0  S  to  represent  the  stroke  of  the 
small  cylinder,  lay  off  the  curve  of  back 
pressure  T  L,  and  with  0  A  to  represent 
the  stroke  of  the  large  cylinder,  lay  off  the 
curve  N  E  F  D  of  forward  pressure  in  that 
cylinder.  Although  the  actual  stroke  of 
each    engine   is    assumed    the    same,   the 


volumes  swept  through  will  be  proportional 
to  the  abscissae  0  S  and  0  A.  The  forward 
pressure  in  A  will  be  the  hyperbolic  curve 
C  K,  part  of  that  due  to  the  expansion  in  a 
simple  engine ;  so  also  the  final  part  F  I) 
of  the  forward  pressure  in  C  joins  the  same 
curve. 


In  Fig.  (9) 


=  4:  r=  12 


(10) 

=  4; 

=  12; 

=  4 

(11) 

=  4 ; 

=   6; 

=  1* 

(12) 

=  4; 

=   6; 

=  4. 

The  area  T  B  C  K  L  is  the  work  done  in 
A  in  each  diagram. 

The  area  NDAO  represents  the  work 
done  in  0. 

The  line  0  A,  from  which  the  absolute 
pressures  are  calculated,  must  in  practice 
be  replaced  by  0'  A',  where  0  0'  repre- 
sents the  back  pressure  in  0  due  to  an  im- 
perfect vacuum. 

(To  be  Continued.) 
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-AN  ANSWER 


iBY  RUSSELL  SAGE,  Jr.  / 

Written  for  Van  Nostrand's  Magazine. 


The  "  Chicago  Eailroad  Gazette  "  of  May 
3d,  1873,  in  its  review  and  criticisms  of 
my  figures  published  in  the  May  number 
of  this  Magazine,  makes  the  remarkable 
mistake  of  assuming  ultimate  steam  power 
of  a  locomotive,  instead  of  economic  adhe- 
sive weight  on  driving  wheels,  as  the  proper 
measure  of  the  amount  of  work  capable  of 
being  performed  by  it  on  a  line  of  railway. 
The  editor  quotes  coefficients  of  tractive 
resistance  as  81*6,  8585,  10239  lbs. 
per  ton  moved  over  a  straight  and  level  track 
at  5,  10,  20  miles  per  hour  respectivly — 
values  I  will  accept  simply  because  he  has 
used  them  in  his  calculations.  Originating 
some  very  peculiar  mechanics,  he  says 
poicer=massy^velocity  (MV)  and  again 
that  engine-power=resistance  at  a  given 
specdyCjielocityy^train  load  ;  acting  upon 
this  theory  for  a*  locomotive  engine  he  con- 
tiDues,  "  so  if  we  take  Mr.  Sage's  train  of  25 
cars  at  20  miles  an  hour,  assuming  the 
loaded  cars  to  weigh  20  tons  each,  we  have  the 

Engine-power  =  10259  X 20X500  =102,390  lbs." 

If     this     numerical     product,    which     he 
terms  pounds,  means  anything,  it  is  that, 


to  haul  a  train  of  500  tons  at  20  miles  an 
hour  over  a  straight  and  level  track,  he 
wants  a  locomotive  of  tractive  or  effective 
haulage  power  sufficient  to  lift  102,390  lbs. 
one  mile  in  one  hour — i.e.,  mile-pounds 
per  hour.  Calling  this  the  engine-power 
of  a  locomotive  is  original.  Retaining  his 
given  train-load  of  500   tons  he   finds 

At  20  At  10  At  5 

miles.  miles.  miles. 

Engine-power  (!)  102,390  lbs.  42, 925  lbs.  20, 365  lbs. 

Carrying  his  peculiar  theory  farther  along 
I  find 

At  1  At  -,V         A  --b 

mile.  mile.  mile. 

Engine-power  (!)    4,090  lbs.      4UUlbs.       40  lbs. 


still  hauling  25  cars  or  500  tons.  Or,  carry- 
ing it  to  a  reductio  ad  absurdum,  I  find  a 
locomotive  of  infinitely  small  engine-power 
actually  hauling  500  tons  every  one  of 
which  is  assumed  to  oppose  at  leat  8  lbs. 
resistance !  On  the  abstract  principle  of 
virtual  velocities  these  things  are  possible  ; 
but,  inasmuch  as  the  locomotive  is  supposed 
to  remain  with  and  attached  to  its  train,  I 
am  at  a  loss  to  determine  how  and  where 
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he  intended  to  place  his  engine-power  so 
that,  for  instance,  40  lbs.  would  lift  4,000 
lbs.  for  yi^  of  a  mile  in  one  hour. 

Calling  his  102,300  lbs.  a  fixed  engine- 
power  (!)  he  found  equivalent  trains  for 
this  power  on  a  straight  and  level  track  to  be 


Number  of  cars. 


At  20 

miles. 

25 


At  10 
miles. 


At  5 

miles. 

125 


and  then  dogmatically  and  contemptuously 
annihilated  my  figures.  Retaining  his 
fixed  engine-power  and  following  his 
theory,  I   find  equivalent  trains  to  be 


Number  of  cars . . . 


Atl 
mile. 
640 


At-rS, 
mile. 
6,400 


At-ifg 

mile. 
64,000 


or,  carrying  the  process  ad  infinitum,  I  find 
a  locomotive  of  a  fixed  or  limited  power 
actually  hauling  an  infinite  number  of  cars 
every  ton  of  which  is  granted  to  oppose  at 
least  8  lbs.  resistance !  and  this,  too,  a 
mathematically  correct  sequence  from  his 
wondrous  formula.  While  as  an  abstract 
proposition  Archimedes  might  lift  a  world, 
as  a  practical  fact  it  is  absurd  and  of  no 
value.  So  too,  while  his  locomotive  of  a 
given  or  fixed  power  that  will  haul  just  25 
cars  or  500  tons  at  20  miles  an  hour,  may 
haul  59-j-^  cars  at  10  miles  an  hour,  as  a 
practical  fact  it  is  ridiculous  and  of  no 
value  when  we  remember  that  his  same 
locomotive  must  continue  to  run  at  20, 
while  its  train  is  running  at  10  miles  an 
hour ! 

Discarding  mechanics  in  a  simple  arith- 
metical problem,  and  accepting  his  co- 
efficients, I  find 

At  20  miles.    At  30  miles.  At  5  miles. 
Tractive    re- 
sistance. .  5,119^-  lbs.    4,292fVlbs.     4,073  lbs. 

for  a  train  of  25  cars  or  500  tons  over  a 
straight  and  level  track.  These  numbers 
measure  also  the  pounds  of  adhesion  there 
must  be  between  rails  and  driving-wheels 
to  just  overcome  the  respective  train  re- 
sistances. Since  the  tractive  resistance  of 
his  equivalent  (!)  train  of  5976<fTr  cars  at  10 
miles  is  10,238T5TJlbs  ,  and  of  his  equivalent  (!) 
train  of  125  cars  at  5  miles  is  20,365  lbs., 
assuming  as  he  has  that  the  given  loco- 
motive will  just  haul  25  cars  at  20  miles 
an  hour,  then  if  he  concludes  to  keep  up 
attachment  between  locomotive  and  train 
he  must  provide  double  the  adhesion  for 
the   train   at   10,    and   quadruple   for   the 


train   at    5    miles    an    hour,    or   in   other 

words,  double  or  quadruple  the  weight  of 

the  given  engine  for  a  straight  and  level 

track.  The  tractive  resistance  of  his 
59T<L3_  cars  for  a  a  aead  puli »  on  a  35  ft 

grade  would  be  28,000  lbs.,  requiring  at 
least  that  much  adhesion  between  rails 
and  driving-wheels,  or  an  engine  weighing 
from  5  to  10  times  that  amount  depending 
upon  rail  and  weather.  Under  the  same 
conditions  his  train  of  125  cars  or  2,500 
tons  would  require  at  least  57,700  lbs.  ad- 
hesion or  an  engine  weighing  from  5  to  10 
times  that  amount,  ^nd  under  the  same 
conditions  my  train  of  25  cars  or  500  tons 
would  require  an  adhesion  of  at  least 
12,500  lbs.,  neither  calculation  taking  any 
account  of  margins  or  of  resistance  from 
tender  and  engine.  Truly,  the  equiva- 
lent locomotives,  in  which  he  must  put 
his  so-called  fixed  engine-power  to  just 
haul  his  equivalent  (!)  trains,  are  weighty 
matters  in  the  light  of  present  experi- 
ence ! 

Having  assisted  the  gentleman  out  of  a 
quagmire,  and  given  his  locomotives  double 
and  quadruple  the  weight  of  the  first,  so 
that  his  engine  or  tractive  power  will  have 
something  to  pull  at  in  moving  his  equiva- 
lent (!)  trains  of  59-^  and  125  cars,  let  us 
see  how  he  may  develop  his  so-called  fixed 
engine-power,  now  that  he  has  consented 
for  practical  reasons  to  run  his  locomotives 
attached  to  their  respective  trains  by  the 
usual  or  ordinary  direct  connections.  There 
is  nothing  truer  than  this :  If  a  given 
power — measured  by  a  numerical  product 
you  may  term  horse-powers  or  foot-pounds 
per  minute,  or  mile-pounds  per  hour — will 
raise  1  ton  1  ft.  in  1  min.,  then  will  it  raise 
2  tons  \  ft.  in  1  min.  all  in  vacuo.  Intro- 
ducing atmospheric  resistance,  we  may  say 
that  if  a  power  of  102,390  will  pull  500 
tons  20  miles  in  1  hour,  then  will  it  pull 
1,192^  tons  10  miles  in  1  hour,  and  2,500 
tons  5  miles  in  1  hour ;  but  in  this  case  our 
power  travels  with  the  trains  and  is  exerted 
\  and  J  as  fast  as  in  the  locomotive  at  20 
miles ;  and  hence  to  accomplish  equivalent 
work,  bearing  in  mind  that  power  =  force 
X  effective  space  or  force  X  lever  arm,  we 
must  either  double  and  quadruple  force  since 
it  moves  through  \  and  \  the  same  space  in 
the  same  time,  or  must  retain  force  constant 
and  make  effective  space  or  lever  arm  double 
and  quadruple  that  in  the  first  instance. 
Hence  in  his  equivalent  weighty  engines — 
which  no  one  will  tolerate  in  any  way — he 


TRAIN-SPEEDS    ON    FUTURE    TRUNK    FREIGHT    LINES. 


must  also  do  one  of  four  things  : — First, 
keeping  the  lever  arm  and  steam  pressure 
constant,  he  must  double  and  quadruple 
the  area  of  his  cylinders.  Second,  keeping 
lever  arm  and  area  of  cylinders  constant,  he 
must  double  and  quadruple  steam  pressure 
in  boiler  and  on  pistons.  Third,  keeping 
steam  pressure  or  force  constant,  he  must 
double  and  quadruple  length  of  stroke. 
Or,  fourth,  keeping  steam  pressure  and 
6troke  constant,  he  must  reduce  diameter 
of  driving-wheels  to  \  and  \.  None  of 
these  or  any  combination  of  them  are  prac- 
ticable or  reasonable  alterations  in  any 
locomotive  of  to-day  just  capable  of  haul- 
ing 500  tons  at  20  miles  an  hour  over 
average  roads  and  grades.  We  dismiss 
his  locomotives  for  their  intolerable 
weight,  and  cry  "bosh"  at  his  fixed  en- 
gine-power. 

Calling  5,119-^-  lbs.  a  fixed  train  resist- 
ance, I  find  equivalent  trains  or  trains  op- 
posing to  traction  that  constant  resistance, 
to  be 

At  20     At  10        At  5 

miles,     miles,     miles. 

Number  of  cars 25        29  &        31-^- 

for  a  straight  and  level  track.  These  fig- 
ures speak  volumes  when  compared  with 
his  terrific  25,  59-/'/-^  and  125  cars  to  be 
hauled  by  one  engine  around  curves  and 
over  hills  as  equivalent  trains.  And  pseudo 
doctors  will  practice  medicine  and  give 
magisterial  opinions  !  Introducing  gravity 
— a  matter  my  friend  thought  perhaps  ,  tri- 
vial— he  will  find  that  the  train  resistance 
of  25  cars  at  20  miles  for  a  "  dead  pull"  on 
a  35  ft.  gradient,  is  equal  to  that  of  not 
quite  27  cars  at  10  miles  ;  so  that  a  locomo- 
tive, which  will  haul  just  25  cars  over  that 
grade  at  20  miles,  will  haul  not  quite  27 
cars  at  10  miles,  and  no  more — not  one 
pound.  The  determination  of  equivalent 
trains  for  a  locomotive  with  a  fixed  engine- 
power  at  different  speeds,  without  any 
thought  as  to  how  this  constant  power  is  to 
be  developed  at  the  slower  speeds,  may  be 
a  fair  arithmetical  exercise  for  a  school-boy, 
but  men  who  have  locomotives  to  build  and 
trains  to  run  might  call  it  trash.  The  loco- 
motive of  weight  sufficient  to  give  a  proper 
margin  of  adhesion  for  59--3-  cars,  or 
1192T6ir  tons  at  10  miles,  and  constructed  so 
as  to  develop  at  10  miles  the  same  power 
as  that  exerted  by  a  locomotive  haul- 
ing 25  cars  or  500  tons  at  20  miles, 
would,  if  built,  positively  haul  those  same 
59-nnr  cars  at  20  miles  by  burning  rela- 


tively more  coal  and  evaporating  relatively 
more  water. 

So  much  for  the  little  there  is  in  this 
matter  of  equivalent  trains  for  different 
speeds,  and  now  for  a  practical  necessity 
that  eliminates  this  little  from  my  equation. 
I  assert  that  for  any  average  100  miles  of 
road  I  shall  want  the  same  sized  locomotive 
— whence  the  same  tractive  and  engine- 
power — whether  my  train-speed  be  10  or 
20  mile3  an  hour.  The  capacity  or  power 
of  an  engine,  expressed  in  ears  or  tons  haul- 
ed over  100  miles  of  average  road,  is  the 
number  of  cars  or  tons  it  can  haul  over 
ruling  gradients  at  same  speed,  whether 
the  total  100  miles  is  made  in  5  or  10 
hours. 

My  friend  seems  to  have  confounded  ave- 
rage speed  with  an  impracticable  uniform 
speed  for  a  given  locomotive,  maximum  load 
and  gradients.  "  There  are  four  things  to 
be  adapted  to  each  other  :  the  greatest  load ' 
of  train,  the  least  speed  of  conveyance  in 
ascending  declivities,  the  description  of  en- 
gine, and  the  ruling  gradients."  (Ean- 
kine.)  Having  of  necessity  weight  and 
power  sufficient  to  haul  my  maximum 
train  over  ruling  and  other  grades  at  some 
reasonable  speed,  I  purpose  to  utilize  that 
weight  and  power  in  making  greater  aver- 
age speeds  and  effecting  economies  claimed 
for  a  maximum  tonnage.  The  resistances 
encountered  and  overcome  by  a  locomotive 
hauling  25  cars  or  any  train  at  8  miles  an 
hour  over  a  16-J-  ft.  gradient,  are  greater 
than  those  encountered  and  overcome  in 
hauling  the  same  load  over  a  level  track 
at  30  miles  an  hour ;  and  the  resistances 
overcome  on  a  26  or  35  gradient  at  8  miles, 
are  greater  than  those  encountered  on  a 
level  track  at  42  or  50  miles  an  hour.  Re- 
sistances to  traction  due  to  speed  perse  are 
a  mere  bagatelle  compared  with  those  due 
to  gravity — speaking,  of  course,  within  rea- 
sonable limits  of  speeds  for  freight  service. 
"  The  railway  manager  who  works  his 
trains  at  a  speed  at  which  but  from  20  to  35 
per  cent,  of  his  power  is  utilized,  may  not 
only  make  up  his  mind  to  a  heavy  loss  in 
money  as  well  as  in  power,  but  may  also 
look  forward  to  an  early  '  smash.'  "  (Col- 
burn.)  The  speed  at  which  a  locomotive 
may  run  when  exerting  a  certain  effort — as 
hauling  a  given  train — depends  upon  the 
quantity  of  steam,  at  the  pressure  necessa- 
ry to  maintain  that  effort,  its  boiler  is  capa- 
ble of  producing  in  a  given  time,  and  this 
depends  upon  the  quantity  of  coal  that  can 
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be  burned  and  water  evaporated  in  the  giv- 
en time  ;  so  that  increased  speed  is  synony- 
mous with  increased  consumption  of  coal; 
and  increased  power  for  greater  speed  is 
simply  more  steam.  Certain  it  is  that  mere 
steam  power  is  cheap,  and  a  small  element 
in  railway  expenditures  compared  with  those 
it  may  be  used  to  lessen  ;  equally  certain  is 
it  that  the  power  expended  by  1  locomotive 
in  hauling  25  cars  over  200  miles  of  aver- 
age road  in  10  hours,  is  no  more  than  the 
power  expended  by  2  locomotives  doing  col- 
lectively the  same  work  in  the  same  time  at 
half  the  average  speed  ;  and  for  the  econo- 
mies effected  by  increased  speed  for  a  maxi- 
mum tonnage,  I  can  say  no  more  than 
has  been  already  said  in  my  original  state- 
ment. 

"A  prominent  railway  officer  in  the 
East,"  who  says  that  "we  grope  in  the 
dark  in  many  things  relating  to  railway 
economy,  and  must  search  for  the  truth  if 
we  would  find  it,"  communicates  to  "  The 
Chicago  Railway  Review "  (May  17)  an 
article  on  "  Train  Speeds  and  Rolling 
Stock,"  in  which  he  makes  some  wonder- 
fully impracticable  propositions  I  will  briefly 
notice. 

He  proposes  to  put  25  tons  of  freight 
on  to  a  car  instead  of  10  as  now,  thus  re- 
ducing the  number  of  cars  per  tons  moved 
and  the  proportion  between  live  and  dead 
loads.  A  car  that  willsafely  carry  10  tons  will 
not  safely  carry  25  tons,  and  there  is  no 
escaping  the  fact  that  his  car  must  be  pro- 
portionately stronger.  A  car  that  will  store 
away  10  tons  will  not  store  away  25  tons, 
and  there  is  no  escaping  the  fact  that  his 
car  must  be  proportionately  more  bulky  for 
average  freight,  excepting  of  course  the 
metals  and  not  excepting  his  cited  and  only 
example  of  grain.  His  proposition  em- 
phatically demands  the  rebuilding  of  the 
entire  rolling-stock  of  the  country,  and  in  a 
style  perfectly  inadmissible.  Breadth  can- 
not be  increased  without  opening  the  ques- 
tion of  gauges ;  height  cannot  be  increased 
without  an  alteration  in  tunnels,  bridges, 
and  crossings,  and  a  raising  of  the  centre  of 
gravity  which  is  already  too  high  for  steady 
motion  and  economic  traction ;  and  if  length 
is  increased  I  am  at  a  loss  to  determine  just 
how  reasonably  and  surely  the  necessary 
increase  in  strength  and  rigidity  of  car  body 
is  to  be  obtained.  He  assumes  that,  to 
carry  25  tons  or  2|  times  the  present  maxi- 
mum load,  his  car  need  not  and  will  not 
weigh  any  more  than  our  present  car,  viz., 


10  tons.  This  is  wonderful!  Accepting 
this  statement  as  true,  then  his  loaded  car 
will  weigh  35  tons  or  4J-  tons  to  each 
wheel. 

The  greatest  load  permitted  on  any  car- 
wheel  to-day  is  2|  tons,  which  is  not 
reached  by  1  car  out  of  100  in  average  ser- 
vice, and  even  this  pounds  our  rails  too 
much.  Is  it  possible  that  weight  on  the 
wheels  is  of  no  consequence,  and  that  we 
have  all  been  dreaming  ?  He  says  that  4-2- 
tons  is  less  than  the  weight  carried  on 
driving-wheels;  true,  but  not  much,  and 
driving-wheels,  my  friend,  are  larger  than 
car-wheels.  Positively,  a  5  ft.  driver  car- 
rying even  6  tons  will  not  wear  and  abrade 
itself  and  rail  as  much  as  a  33  in.  car- 
wheel  carrying  4£  tons,  and  besides,  with 
such  a  load  the  car-wheel  itself  must  suifer 
badly.  Is  it  possible  that  the  genileman 
does  not  know  why  we  are  forced  to  carry 
such  loads  on  driving-wheels  and  how 
gladly  we  would  be  relieved  from  the 
burden  ?  Taking  his  train  of  15  cars,  for 
every  3  driving-wheels  carrying  from  5  to 
6  tons  each,  he  would  have  60  car- wheels 
carrying  4f  tons  each  !  I  would  prefer  not 
to  buy  rails  and  car- wheels  or  build  roads 
for  him  to  pound  up  so  ruthlessly.  With- 
out his  permission  I  am  forced  to  put  8  more 
wheels  under  his  imaginary  car  and  guess 
it  to  weigh  not  far  from  16  tons,  which  with 
his  25  tons  of  freight  give  41  tons  gross  or 
2T9-g-  tons  per  car- wheel.  Instead  of  rebuild- 
ing our  whole  rolling-stock,  on  a  false  plan 
theoretically  and  practically,  why  not  for 
economical  reasons  make  use  of  the  several 
hundred  thousand  cars  already  built  ?  And 
in  the  attempted  solution  of  any  practical 
problem  is  it  not  wise  and  well  to  confine 
ourselves  to  existing  circumstances  ?  That 
our  present  cars,  to  carry  25  instead  of  10 
tons  of  grain,  flour,  lumber,  merchandise, 
live-stock,  provisions,  and  general  freight, 
must  be  rebuilt,  is  a  fact  too  evident  for 
even  a  "prominent  railway  official  in  the 
East "  to  disprove ;  and  the  assumptions 
that  such  a  car  would  weigh  no  more  than 
our  present  car,  and  that  any  sand  railway 
man  would  knowingly  put  4f  tons  on  every 
car-wheel  where  he  now  grumbles  terribly 
to  find  2 J,  are  too  much  even  for  the 
Egyptian  darkness  through  which  some 
men  grope.  Granting  the  gentleman  all 
he  claims  as  to  weight  of  cars,  allowing  him 
to  put  4f  tons  on  each  wheel  and  15  of  his 
cars  in  a  train,  and  we  have  his  own  table 
copied  as  follows : 
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Comparative  statement. 

Mr.  Sage's  plan. 

As 
proposed. 

Speed  per  hour. 

Speed 
per  hour. 

10  miles. 

20  miles. 

10  miles. 

Number  of  trains  in 

72 

1,800 
80 
80 
80 
80 
160 

40 

32 
30 

52 
1,300 
40 
40 
40 
40 
80 

20 

32 

30 

48 

Freight  cars  in  use  . 
Locomotives  in   use 
Conductors  required. 
Engiuemen  required. 
Firemen  required . . 
Brakesmen  required. 
Number  of  trains  on 

road  at  one  time  . . 
Number  of  trains  at 

both     termini     at 

720 
55 

55 

55 

50 

110 

27 
21 

Distance  between 
trains — 'minutes  . . 

45 

His  deliberate  misquoting  of  my  figures 
is  in  bad  taste,  and  I  have  taken  the  liberty 
to  correct  them.  Each  one  of  the  three 
plans  above  indicated  will  insure  the  deliv- 
ery of  12,000  tons  at  each  terminus  every 
24  hours,  if  his  cars  are  fully  loaded  to  his 
limit  of  25  tons  each,  and  if  my  cars  are 
fully  loaded  to  10  tons  each.  I  will  not 
admit  that  a  car  for  a  4  ft.  8 \  in.  gauge  to 
carry  2£  times  our  present  maximum  load 
can  be  built  at  less  weight  than  16  tons, 
and  hence  his  15  loaded  cars  will  weigh 
41  X  15  ===  615  tons  gross.  I  understand 
that  he  is  a  Superintendent  of  some  railway 
in  Pennsylvania,  and  if  his  locomotives  will 
haul  615  tons  over  his  road  at  the  average 
speed  of  10  miles  an  hour  on  his  plan,  then 
giving  his  locomotive  for  his  comparison 
613  tons  and  his  locomotive  for  my  com- 
parison 500  tons  is  too  boyish;  and  if  any 
locomotive  will  haul  615  tons  or  30|  of  our 
present  cars  fully  loaded  over  an  average  100 
miles  of  road  at  the  average  speed  of  10 
miles  an  hour,  then  will  it  haul  the  same 
train  over  the  same  road  at  an  average 
speed  of  20  miles  ;  and  for  a  maximum 
tonnage,  effect  the  economies  I  have  claim- 
ed in  engines,  cars,  men,  etc.  Again,  any 
engine  that  will  haul  500  tons  over  average 
and  ruling  gradients  at  any  speed — and  a 
good  engine  it  is — must,  to  pull  615  tons 
over  that  same  road  at  any  average  speed, 
be  increased  in  weight  and  power  in  the 
proportion  615  to  500.  And  finally,  if  our 
cars   must  be   rebuilt,  then  must  they  be 


built  to  safely  carry  his  25  tons  ;  when  so 
built  I  dare  run  them  at  an  average  rate  of 
20  miles,  when  the  question  of  maximum 
tonnage  is  upon  us,  and  my  same  problem 
will  remain  of  the  same  kind,  but  not  per- 
haps of  the  same  degree.  The  gentleman 
has  not  caught  the  meaning  of  my  figures 
at  all.  It  is  not  how  much  tonnage  can 
we  possibly  haul  over  a  given  road  in  a 
given  time,  for  that  depends  wholly  upon 
the  number  and  weight  of  the  trains  we  can 
possibly  move  in  the  given  time ;  but,  hav- 
ing settled  that  point,  it  is,  run  those  trains 
not  at  8  or  10  miles  an  hour,  but  at  some 
greater  speed,  and  effect  the  economies  fully 
considered  in  my  original  statement.  Cer- 
tainly for  this  maximum  tonnage  there 
must  be  some  limiting  train-speed  most 
economical,  all  things  considered,  and  not 
wear  of  rails  alone,  and  whether  it  be  20 
miles  or  more  or  less  I,  for  one,  don't  believe 
it  to  be  10  miles.  Or  to  give  my  problem 
immediate  application,  it  may  be  stated 
thus  :  For  a  given  road  with  a  given  limited 
rolling-stock  pressed  with  business,  how 
many  loaded  trains  can  possibly  be  made 
up  and  moved  in  a  given  time  ?  This  each 
superintendent  must  solve  for  himself  ac- 
cording to  his  road  and  equipment. 

Train  resistances  to  traction  are  variously 
made  up,  and  as  the  average  result  of  ex- 
tended experiments  different  authorities 
have  given  us  different  formulas,  as  follows  : 

Y2 

Eesistance=8  -{-—-=  lbs.  per  ton  moved  (Gooch). 
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6V-60 
+     20 


(Clark). 
(Gooch). 


for  a  straight  and  level  track,  all  of  which 
vary  widely.  The  first  formula  was  con- 
structed by  Gooch  and  is  undoubtedly  the 
one  adopted  by  the  "  Gazette."  The  con- 
stants 8,  6  are  assumed  through  average 
trials  to  represent  the  total  effects  of  all  the 
mechanical  frictions,  and  which,  while  abso- 
lutely independent  of  speed,  vary  largely 
with  conditions  of  track  and  rolling-stock. 
The  assumptions  of  the  lt  Gazette"  and 
Supt.  TV.  that  our  present  tracks  are  per- 
fect and  tractive-resistance  now  a  mini- 
mum, imply  a  doctrine  that  if  acted  upon 
some  years  ago  would  have  found  us  to-day 
riding  in  ox-carts  over  corduroy  roads. 
When  perfection  in  a  railroad  is  reached 
then  will  we  be  operating  railroads  through 
ethereal  space,  but  not,  I  trust,  with  a  fixed 
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engine-power  for  all  speeds  or  with  4|  tons 
on   a   car-wheel.       The    second   parts,    as 


X! 

176: 


,  are  supposed   to   measure   nearly  the 

effects  of  atmospheric  resistance,  which,  while 
it  varies  absolutely  with  speed,  is  for  ordi- 
nary velocities  small  compared  with  the 
constant  frictions,  and  inappreciable  compar- 
ed with  gravity.     To    be  exact,    the  terms 

-— -,   -777-,  etc.,  are  supposed  or  intended  to 

measure  the  combined  effects  of  atmospher- 
ic resistance  and  of  concussion ;  the  former 
depends  not  so  much  upon  the  weight  of 
train  as  upon  its  length  and  frontage  area, 
and  the  two  effects  combined  equal  a  varia- 
ble quantity  that  may  for  comparisons  be 
approximately  represented  by  these  terms. 
The  resistance  of  gravity  is  additional,  and 
may  be  measured  closely  by  2,240  lbs.  divi- 
ded by  what  I  might  term  the  average  of 
the  gradient — i.  e.  if  gradient  be  1  in  100  or 
1  in  150,  by  100  or  150,  etc.  Resistances 
due  to  curvature  have  been  closely  studied, 
and  are  measured  by  >  those  of  an  equivalent 
grade.  Now  a  4  deg.  curve  on  a  35  ft.  gra- 
dient is  not  a  wonderful  occurrence,  and  a 
speed  of  8  miles  an  hour  not  unreasonable 
going  over  such  places  on  any  average  road. 
The  speed  may  be  assumed  at  5  miles  or  3 
miles  without  any  measurable  effect  upon 
the  comparison  I  am  about  to  make.  As- 
suming that  a  4  deg.  curve  for  average  align- 
ment is  equivalent  in  resistance  to  that  of 
an  8  ft.  gradient  on  a.  straight  line,  the  to- 
tal resistance  of  curve  and  gravity  would 
be  that  due  to  a  43  ft.  gradient  (or  1  in 
123  nearly)— i.  e.— 2T%°=  18iit  lbs.  per 
train  ton ;  calling  atmospheric  resistance 
nothing  and  that  due  to  frictions  -8,  we  have, 
dropping  fractions,  26  lbs.  per  train  ton  re- 
sistance to  traction  ;  and  not  considering 
margins,  tender  or  engine  itself,  we  must 
have  at  least  26  lbs.  per  train  ton  adhe- 
sion on  driving  wheels.  As  a  positive  fact, 
there  is  for  a  given  locomotive  only  one 
maximum  load  or  train,  for  an  average 
road,  no  matter  whether  our  average  speed 
be  5,  10,  or  20  miles;  and  the  silly  equiva- 
lent trains  of  the  "  Gazette"  tyro,  based  on  his 
utterly  impossible  fixed  engine  power  for  a 
locomotive  at  all  speeds,  are  "  trash."  Let 
us  figure  the  total  resistances  of  his  equiva- 
lent^) trains,  and  the  adhesion  he  must  at 
least  have  for  a  "  dead  pull"  over  our  grade 
and  curve. 

25  cars.  -  500  X  26  =  13,000  lbs.  resistance  and 

adhesion. 


CO     "     -1200  X  26  =--31,200  lbs.   resistance  and 

adhesion. 

125  "        2500  X  26  =  65,000  lbs.  resistance  and 

adhesion. 

Not  only  must  the  weights  of  his  engine 
vary  as  13  :  31 :  65,  but  his  power  must 
vary  also  with  these  numbers.  And  these 
are  equivalent  trains  for  a  fixed  engine- 
power  !  Truly,  one  would  think  another 
Rip  Yan  Winkle  had  awakened  surfeited 
with  the  abstract  principle  of  virtual  velo- 
cities !  and  believing  the  world  to  be  a  vast 
level  plain  resting  upon  the  back  of  some 
huge  "  What-is-it !" 

For  a  comparative  statement  of  the  resist- 
ances to  traction  from  gravity  and  atmos- 
pheric resistance,  let  us   assume  as  correct 


Eesistance : 


V2      2240 
=8  +  -— -_L-^—  =  lbs.  per  train  ton. 
i  71        Li 


in  which  V=  train  speed  and  L=  radius 
to  which  1  is  the  sine  of  the  angle  of  incli- 
nation, or,  as  I  have  expressed  it,  the  lev- 
erage of  the  gradient.  Assuming  a  speed 
of  8  miles  an  hour  over  gradients,  we  have 


■  .  .  a,  ,      64        2240 

Resistance  =  8  -f-  — —  -J-  — =— 
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lbs.  per  tor. 


and  since  this  resistance  must  be  equal  to 
that  of  the  same  train  over  a  straight  and 
level  track   at  an  unknown   speed  Y,  we 


whence 


64    ,2240 
8  +  17l  +  "L 


^  m 


V2  =  64  + 


383040 


Making  various  suppositions  as  to  L  we  find 
equivalent  values  for  Y — whence  this  table, 
which  may  be  of  interest. 

Train  resistances  are  equal  for 


An  eight  mile  per  hour  speed. 


Over  a  gradient  of- 

1  in  3000 

1  in  900 

1  in  800 

1  in  700 

1  in  600 

1  in  500 

1  in  400 

1  in  300 

1  in  200  

1  in  150 

1  in  100 

1  in    75 

1  in    71.9 


Ft.  per  mile. 

5.28 

5  87 

6.60 

7.54 

8.80 
10  56 
13.20 
17.60 
26.40 
c  35.20 
52.80 
70.40 
73.42 


Over  a  level 

and 

straight  track 

at  a  speed  of, 

miles  per  hour. 


21.1 
22  1 
23.3 
24.7 
26  5 
28  8 
32  0 
36  6 
44.5 
51.1 
62.4 
72.0 
73.42 
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That  is,  a  locomotive  hauling  a  train  of  500 
tons,  or  of  any  other  weight,  over  a  26^ 
gradient  at  8  miles  an  hour,  will  encounter 
and  overcome  a  train  resistance  equal  to 
that  of  the  same  train  over  a  level  track  at 
44^  miles  an  hour ;  but,  while  the  effective 
steam  pressure  on  pistons  will  in  each  case 
be  theoretically  the  same,  the  steam  at 
this  constant  pressure  must  be  delivered 
faster  in  the  proportion  of  44^  :  8,  and 
whence  increased  power,  as  nominally 
measured. 

When  we  remember  that  this  increased 
steam  power  for  increased  velocity  is  simply 
the  burning  of  more  coal  and  evaporating 
more  water  in  a  given  time,  then,  keeping 
within  reasonable  limits  of  boiler  capacity,  I 
urge  greater  average  speeds  (within  sound 
practical  limits)  and  less  equipment  and 
men  for  any  maximum  tonnage  ;  and  un- 
less I  err  greatly,  one  engine  hauling  a 
train  at  an  average  speed  of  20  miles  over 
an  average  road  for  ten  hours  will  consume 
less  coal  than  two  engines  doing  collectively 
the  same  work  in  the  same  time.  I  have 
endeavored  not  to  burden  my  subject  of 
train  speeds  with  that  of  maximum  tonnage, 
a  subject  by  itself,  and  which,  as  before  sta- 
ted, depends  wholly  upon  the  greatest  num- 
ber and  weight  of  trains  that  can  be  moved 
within  a  given  time,  but  have  started  my 


problem  at  the  point  where  maximum  ton- 
nage has  been  settled  by  practicable  limits 
to  weight  and  power  of  locomotives,  and  by 
the  character  of  road  for  grades  and  align- 
ment. I  cannot  resist  making  these  figures : 
a  locomotive  of  weight  and  power  sufficient 
to  haul  at  a  "  dead  pull "  25  loaded  cars 
over  a  35-ft.  gradient,  and  around  a  4-deg. 
curve,  will,  so  far  as  its  tractive  power  and 
the   resistances   to   be   overcome   are   con- 

cerned,   haul    25  X  7^7  =  63T5o    loaded 

cars  over  a  straight  and  level  track  at  20  miles 
an  hour;  and  will  positively  do  it  if  its  boiler 
capacity  is  such  as  to  deliver  steam  at  the 
same  pressure  proportionately  faster.  If 
ruling  gradients  be  reduced  so  that  our 
given  engines  will  each  haul  an  additional 
five  loaded  cars,  then  for  half-hourly  trains 
will  our  same  engines  and  trainmen  haul 
every  twenty-four  hours  24  X  2  X  5  =  240 
additional  loaded  cars  each  way,  or  87,600 
additional  loaded  cars  each  way  every  year. 
The  time  is  coming  when  Directors  them- 
selves will  insist  upon  approximately  level 
and  perfect  road-beds  for  trunk  lines  ;  and 
I  urge  humbly  that  all  these  half-hourly 
trains  be  not  run  at  8  or  10  miles  an  hour. 
It  would  be  too  costly,  and  expenses,  inter- 
est, salaries,  equipment,  etc.,  would  eat 
up  earnings. 
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From  "EngineeriDg." 


We  have  already  described  the  locomo- 
tive designed  by  M.  J.  Larmanjat,  which, 
with  several  modifications,  has  been  adopted 
by  Mr.  F.  H.  Trevithick  for  working  tram- 
ways in  Portugal.  As  our  readers  know, 
a  central  single  or  double  rail  is  employed, 
upon  which  run  two  wheels,  placed  at  the 
front  and  back  of  the  machine,  and  along 
the  line  of  its  axis  ;  besides  these  there  are 
two  side  wheels  in  the  middle  of  the 
vehicle  which  rest  upon  the  ordinary  road 
surface.  These  last  are  the  driving  wheels, 
while  the  former  are  the  guiding  wheels. 
Arrangements  are  made  to  adjust  at  will 
the  distribution  of  weight  between  the 
driving  and  guiding  wheels.  M.  Larmanjat 
considered  that  one  valuable  application  of 
his  system  lay  in  employing  it  for  the 
traction  of  canal  boats,  and  the  experiences 
he  has  gained  in  this  direction  are  of 
sufficient  interest   to    justify    our    placing 


them  before  our  readers,  although  we  by 
no  means  share  Mr.  Larmanjat's  views  as 
to  the  applicability  of  his  system  for  tow- 
age purposes.  On  the  28th  June,  1871, 
he  obtained  from  the  Minister  of  Public 
Works  authority  to  make  experiments  in 
this  direction  on  the  Canal  of  Bourgogne. 
The  results  obtained  appearing  satisfactory, 
he  made  application  for  permission  to  ex- 
tend the  system  upon  the  same  canal,  be- 
tween Laroche  and  St.  Jean-de-Losnes. 
This  application  was  accompanied  by  a 
memoir,  from  which  we  may  quote  the 
principal  points. 

The  question  of  interior  navigation  is  at 
present  one  of  vital  moment  in  Prance. 
This  was  clearly  explained  at  the  last 
presidential  address  delivered  at  the  Society 
of  Civil  Engineers  in  Paris,  a  resume  of 
which  we  recently  published.  In  France, 
river  and  canal  transport  has  already  the 
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advantage  of  cheapness ;  if  the  regularity 
and  rapidity  which  it  wants,  could  be  im- 
parted, means  would  be  provided  by  which 
internal  channels  of  navigation  could  en- 
ter into  successful  competition  with  rail- 
ways. 

The  water  route  which  connects  the 
Channel  with  the  Mediterranean,  is  divided 
into  three  sections,  the  first  and  last  of 
which  possess  the  advantage  we  have  just 
alluded  to.  ,  Steam-towage  is  established 
between  Le  Havre  and  Montereau,  and  it 
should  be  extended  to  Laroche;  that  is  to 
the  embouchure  of  the  Canal  of  Bourgogne. 
From  Laroche  to  St.  Jean-de-Losnes,  the 
boats  are  hauled  by  horses  on  the  Bour- 
gogne Canal.  Lastly  the  journey  to  the 
Mediterranean  by  the  Saone,  the  Khone, 
and  the  St.  Louis  Canal,  is  completed  by 
steamboats. 

To  increase  the  speed  of  haulage  on  the 
Bourgogne  Canal,  various  systems  have 
been  proposed,  steam  tugs,  hauling  in  a 
sunken  chain,  and  lastly  towage  by  loco- 
motives on  the  canal  banks.  M.  Larmanjat 
examines  in  his  memorandum  these  different 
projects,  and  concludes  by  rejecting,  and, 
naturally,  by  suggesting  the  substitution  of 
his  own  system.  The  boats  traversing  the 
Canal  Bourgogne  measure  about  150  tons, 
and  the  trials  made  by  M.  Larmanjat,  to 
which  we  have  already  alluded,  showed  that 
a  locomotive  weighing  4  tons  could  haul 
one  of  these  boats  at  a  good  working  speed. 
The  single  rail  proposed  by  M.  Larmanjat 
weighed  about  15  lbs.  per  yard,  and  the 
engine  presents  the  ordinary  features  of  his 
system.  The  side  wheels  are  furnished 
with  rubber  tyres.  The  adjusting  mecha- 
nism of  which  we  have  spoken,  permits  the 
weight  to  be  thrown  either  on  the  guiding, 
or  on  the  driving  wheels,  according  as  to 
whether  the  boat  is  empty  or  full.  With 
this  arrangement  such  a  machine,  weighing 
4  tons,  will  haul  at  the  rate  of  zj  to  3  miles 
an  hour,  a  boat  loaded  with  150  or  160 
tons.  Each  engine  will  haul  a  single  boat 
and  would  travel  until  it  met  another,  when 
the  two  would  exchange  loads  and  return 
towards  their  respective  points  of  departure. 
Thanks  to  this  arrangement  one  line  would 
suffice  for  accommodating  the  whole  traffic 
of  the  canal.  The  mean  distance  between 
these  relays  would  be  15  miles,  so  that 
with  10  relays  the  whole  canal,  which  is 
150  miles  long,  would  be  worked. 

Rapidity  and  regularity  of  transport  being 
the  essential  characteristics  of  steam  trac- 


tion, M.  Larmanjat  endeavored  to  place 
himself  in  these  points  in  the  best  possible 
condition.  Passing  through  the  locks  can- 
not, of  course,  be  avoided,  but  the  mean 
duration  of  a  lockage  is  only  5  or  G  min., 
and  this  time  could  be  usefully  employed 
in  tending  the  engines.  Standing  before 
the  locks,  when  other  boats  are  within 
them,  would  be  a  cause  of  delay  of  con- 
siderable importance  in  respect  to  the  slow- 
speed  boats  hauled  by  men  or  horses. 
Then  M.  Larmanjat  would  claim  the  right 
of  "  trematage"  that  is  to  say,  the  privilege 
of  pasing  his  boats  first  through  the  locks, 
when  they  should  be  within  500  metres. 
This  privilege,  indispensable  for  steam-haul- 
ed boats,  would  occasion  only  very  small 
inconvenience  to  those  vessels  towed  by 
hand  or  horses.  Lastly  he  requested  that 
the  rail  should  be  placed  on  the  actual 
towing  path,  because  the  width  beneath  all 
the  bridges  is  sufficient  for  allowing  the 
engine  to  pass. 

We  may  now  see  what,  according  to  M. 
Larmanjat,  would  be  the  practical  conse- 
quences of  the  application  of  his  system. 
The  60  boats  which  traverse  the  Bourgogne 
Canal,  on  an  average  with  a  mean  journey 
of  30  miles,  make  altogether  about  1,800 
miles  per  day,  supposing  that  they  travel 
through  the  24  hours.  Steam  towage  gives 
a  double  speed  to  the  horse  towage,  and 
fourfold  that  of  haulage  by  hand.  The 
adoption  of  his  system  should,  therefore, 
double  the  traffic ;  but  admitting  that  the 
traffic  should  remain  the  same,  as  the  speed 
is  doubled,  a  daily  circulation  of  30  boats 
would  be  sufficient,  which  would  give  a 
to-and-fro  journey  for  each  beat  of  10  miles, 
the  length  of  the  canal  being  150  miles. 
Thirty  engines  in  use  and  10  in  reserve, 
would  be  ample  for  the  service.  Under 
these  conditions  an  economy  would  be  real- 
ized in  the  personnel  of  the  boats,  and  one- 
third  more  freight  could  be  transported 
with  the  same  number  of  vessels.  More- 
over, M.  Larmanjat  proposes  a  tariff  very 
clbsely  approximating  to  that  of  horse  haul- 
age, despite  the  greater  speed  he  proposes  to 
attain. 

We  have  stated  that  the  proposition  made 
by  M.  Larmanjat  was  very  favorably  enter- 
tained, and  he  obtained  a  concession  for  40 
years  for  the  working  of  his  system  on  the 
Bourgogne  Canal,  between  Laroche  and  St. 
Jean-de-Losnes.  The  conditions  of  working 
are  determined  by  an  agreement,  dated 
January  13,  1873.    According  to  this  agree- 


IMPROVED    SYSTEM   OF   WIRE   ROPE    TRAMWAY. 


15 


merit,  the  speed  attained  must  not  exceed 
5  miles  an  hour  with  empty  and  3§  miles 
per  hour  with  full  boats.  The  right  of  way 
for  lockage  is  accorded.  The  maintenance 
of  the  towing  path  will  not  be  charged  to 
M.  Larmanjat,  unless  it  is  shown  that  his 
system  causes  special  injury. 

The  towage  tariff  is  established  on  a  scale 
decreasing  with  the  distance,  and  is  divided 
into  two  classes.  The  boats  on  the  Bour- 
gogne  Canal  weighing  from  30  to  35  tons, 
and  carrying  a  useful  load  of  150  tons,  it  is 
easy  from  the  tariff  to  ascertain  the  charge 
of  transport  for  an  empty  and  for  a  loaded 
boat.  The  financial  organization  of  this 
canal  towage  scheme  has  been  commenced 
by  the  Credit  Mobilier,  and  it  is  anticipated 
that  the  rails  will  be  laid  in  four  or  five 
months,  whilst  the  working  will  be  com- 
menced gradually  so  soon  as  sufficient  length 
of  line  is  complete. 

M.  Larmanjat  gives  the  results  of  some 
experiments  recently  made  on  the  Bour- 
gogne  Canal  by  a  Commission  of  Engineers 
of  the  Pouts  et  Chaussees.  The  engine  was 
driven  at  varying  speeds,  and  the  amount 
of  traction  was  ascertained  under  the  dif- 
ferent conditions  as  follows  : 

Speed  per  hour.         Tractive  force. 
Barge  loaded  1|  miles.        440  lbs 


3  k 
Barge  empty  6| 


1100  »'  (about  6  6  lbs.  per  ton.) 
440  " 


The  average  tractive  power  of  a  horse  is 
estimated  at  about  143  lbs.  on  the  draw  bar. 
These  trials  went  to  show  that  the  maxi- 
mum speeds  that  can  be  attained  without 
inconvenience  are  3^  miles,  with  a  loaded, 


and  6  J  miles  with  an  empty  barge.  The 
official  conditions  impose,  as  we  have  seen, 
a  maximum  speed  of  five  miles  per  hour 
upon  empty  boats.  But  after  the  results 
obtained  at  the  above-named  experiments, 
it  is  probable  that  a  higher  speed  will  be 
petitioned  for.  As  to  consumption  of  fuel, 
it  was  found  on  an  average  equal  to  35  lbs. 
per  mile.  This  figure  is  a  high  one,  but 
probably  cannot  be  reduced,  on  account  of 
the  various  losses  of  power  inseparable  from 
the  system. 

We  have  drawn  attention  to  this  effort 
for  developing  the  useful  carrying  capacity 
of  canals,  partly  to  indicate  one  of  the  direc- 
tions which  industrial  enterprise  is  taking 
in  France,  and  partly  because  a  practical 
step  in  this  direction,  even  though  it  be  a 
useless  one,  is  worthy  of  being  placed  on 
record.  That  the  system  of  M.  Larmanjat, 
or,  indeed,  that  any  system  of  steam  towing 
from  the  canal  bank  can  be  made  com- 
mercially successful,  is  almost,  if  not  quite 
out  of  the  question.  Many  experiments 
have  been  made  in  this  matter,  and  in  all 
cases  without  practical  success  ;  and  cer- 
tainly where  light  traction  engines,  which 
required  no  adaptation  of  the  towing  path, 
have  failed,  how  much  more  certainly  will 
failure  attend  a  system  which  requires  that 
a  railway  shall  be  laid  down  and  maintained, 
especially  when  it  is  r°membered  that  the 
same  course  is  open  to  the  common  traffic 
of  the  canal  bank  ;  moreover,  the  practical 
difficulties  in  the  way  of  working  the  sys- 
tem appear  too  great  to  admit  of  its  meeting 
even  with  tolerable  success. 


A  NEW  AND  IMPROVED  SYSTEM  OF  WIRE  ROPE  TRAMWAY  * 

From  the  "  Mining  Journal." 


This  system  of  tramway  has  been  in- 
vented by  Herr  Hermann  Miiller,  the 
director  of  Herr  Sijl's  engineering  works 
at  Vienna.  The  object  of  the  invention  is 
the  erection  of  a  cheap,  expeditious,  and 
effective  mode  of  transport,  suitable  for 
districts  where  the  traffic  would  not  pay  for 
erecting  a  railroad  on  the  usual  plan.  In 
this  system  the  cars,  or  other  vehicles,  are 
carried  on  two  parallel  endless  wire  ropes, 
passing  at  the  terminal  points  over  large 
driving  and  returning  pulleys  and  being 
supported  and  guided  at   certain  distances 


♦Abstract  of    a  Paper  read  before  the  Iron  and  Steel  Insti- 
tute, by  Henry  Martin  Morrison,  M.  £. 


by  smaller  pulleys.  These  guiding  pulleys 
are  fixed  to,  and  carried  by,  vertical  posts 
of  wood  or  iron,  carried  to  any  reasonable 
height.  The  distance  between  these  sup- 
ports depends  upon  the  nature  of  the 
ground  as  well  as  upon  the  weight  to  be 
carried,  but  spans  of  300  and  400  ft.  are 
quite  practicable.  In  many  instances  ad- 
vantage may  be  taken  of  trees,  or  rocks, 
which  may  lie  in  the  fine  of  route.  The 
motor,  which  may  be  a  steam  engine  or 
water-wheel,  only  acts  at  one  end  of  the 
I  line.  The  large  pulleys  at  the  driving  end 
are  both  keyed  on  to  one  shaft,  and  are  set 
in  motion  by  the  motor.  These  driving 
wheels,  by  the  aid  of  the  endless  running 
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ropes,  communicate  motion  to  the  large 
pulleys  at  the  returning  end  of  the  line, 
which  pulleys  are  separately  bedded,  and 
run  independent  of  each  other,  each  having 
a  tightening  apparatus  to  prevent  any  un- 
equal stretching  of  the  ropes.  These  ropes 
also  transfer  the  motion  to  the  guide  rollers. 
Any  load  to  be  transported,  and  consisting 
of  vehicles,  cars,  trams,  baskets,  balks  of 
timber,  columns  of  iron,  etc  .  etc.,  are  made 
to  rest  upon  the  ropes  with  four  claws  or 
notches,  in  order  to  prevent  slip  and  oscilla- 
tion, and  to  enable  them  to  follow  the  move- 
ment of  the  ropes  while  passing  over  the 
guide  rollers.  While  two  of  the  claws 
simultaneously  set  free  the  ropes,  the  two 
other  claws  keep  the  load  upon  the  rope 
by  friction.  A  system  of  disengaging 
claws  attached  to  the  tubs,  and  first  used, 
was  found  expensive  and  complicated,  and 
although  retained  as  part  of  the  patent, 
has  now  been  superseded.  A  more  simple 
method  is  now  adopted,  by  which  the 
claws  are  arranged  to  fall  clear  of  the  tubs, 
when  not  resting  upon  the  ropes.  The 
large  driving  and  returning  pulleys  are 
lined  with  wood,  so  as  to  increase  the  grip 
of  the  ropes,  and  avoid  the  wear  consequent 
upon  the  ropes  being  driven  on  iron  beds. 
The  average  diameter  of  the  driving  pulleys 
is  10  ft ,  unless  a  very  high  rate  of  speed 
is  required,  when  they  may  be  increased 
according  to  the  requirements.  It  is  not 
necessary  that  the  pulleys  and  ropes  be 
driven  vertically,  as,  when  the  empty  cars 
weigh  over  5  cwt.,  the  driving  pulleys  can 
be  placed  nearly  horizontal,  so  that  both 
ropes  run  parallel  and  next  to  each  other  in 
one  direction,  and  the  return  ropes  are 
placed  in  the  same  plane  at  the  side  of 
each  other.  It  is  not  necessary  that  the 
terminal  stations  should  be  in  the  same 
plane,  but  any  inclination  may  be  given  to 
the  ropes  up  to  1  in  6,  which  may  be 
worked  with  perfect  ease.  The  wire  ropes 
are  four  times  the  length  of  the  distance  to 
be  traversed,  and  must  be  of  the  best 
material  and  workmanship,  and  most  care- 
fully laid.  Steel  wire  rope  is  strongly  re- 
commended, as  being  better  able  to  with- 
stand the  wear  and  tear  consequent  upon 
the  necessary  friction.  Messrs.  Scott  are 
preparing  to  manufacture  a  special  class 
of  rope  for  this  purpose,  tempered 
and  annealed  by  a  special  process, 
and  having  their  own  wire-drawing 
mill  on  the  premises.  Every  care  will  be 
taken  that  all  wires  in  the  ropes  will  be  of 


uniform  temper.  The  carrying  power  of 
these  lines  range  from  500  tons  to  1,500 
tons  per  day.  Sharp  curves  may  be  passed 
by  placing  the  motor  at  that  point  where 
the  line  is  required  to  be  deviated,  as  the 
shaft  of  the  driving  pulleys  may  be  so 
placed,  that  the  rope-way  will  form  an  ob- 
tuse angle.  An  arrangement  of  this  kind, 
which  is  designated  the  coupled  "  traject" 
system,  is  most  suitable  for  long  lines,  be- 
cause by  dividing  the  line  into  sections,  the 
weight  of,  and  strain  upon  the  ropes  are 
very  'considerably  diminished.  The  cars 
pass  the  junction  without  manual  help,  or 
without  stopping,  this  being  effected  on  the 
upper  line  of  ropes  by  the  momentum  of 
the  running  car,  and  on  the  lower  line  by 
giving  the  rails  the  necessary  inclination. 
At  each  end  of  the  line  a  series  of  wood 
work,  called  "  ramparts,"  are  placed,  to  re- 
ceive the  cars  from  the  running  ropes,  and 
also  to  enable  the  trams  or  cars  to  run  on 
to  the  ropes  without  manual  help.  The 
cost  of  these  lines  average  from  £1,000  to 
£1,500  per  mile,  but  the  difficulties  to  be 
overcome,  and  weight  to  be  carried,  tend 
very  considerably  to  diminish  or  increase 
the  cost.  The  advantages  of  this  system 
may  be  briefly  stated  as  follows  : — 1.  It  can 
act  as  a  feeder  or  as  a  means  of  communica- 
tion between  narrow-gauge  railways,  whose 
termini  are  intercepted  by  precipices,  val- 
leys, water,  etc.  2.  It  avoids  the  expense 
of  cuttings,  embankments,  bridges,  etc.  3. 
Lines  can  be  constructed  as  cheaply  and 
efficiently  in  mountain  districts  as  on  plains. 
4.  They  occupy  scarcely  any  land,  and 
may  pass  over  rivers,  houses,  trees,  etc.  5. 
They  are  not  affected  by  flood  or  snow,  and 
can  readily  be  moved  from  place  to  place. 
6.  It  can  be  employed  in  the  carriage  of 
coal,  ironstone,  and  minerals  of  all  kinds, 
having  this  advantage  over  other  systems, 
that  the  minerals  need  not  be  unloaded  and 
reloaded,  but  taken  away  direct  from  pit  or 
level's  mouth.  7.  It  is  the  most  effective 
system  for  the  carriage  of  slates,  timber, 
beet-root,  sugar,  rice,  coffee,  cotton,  and  all 
kinds  of  plantation  produce.  8.  As  passen- 
ger lines  they  offer  a  cheap  and  effective 
system  of  transport,  having  been  used  for 
that  purpose.  9.  It  is  most  valuable  as  an 
accompaniment  of  an  invading  army.  10. 
Inundated  land  and  broad  lakes  can  also 
be  passed  over,  and  when  the  depth  of  the 
latter  prevents  the  fixing  of  supports  in  the 
bottom,  they  can  be  fastened  to  anchored 
flats,  with  spans  of  400  ft.  between  each  flat. 
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ON  AUXILIARY  POWER  FOR  OCEAN  NAVIGATION.* 


From  "  Iron." 


Many  methods  have  been  introduced  for 
applying  auxiliary  power  to  sailing  vessels, 
both  before  and  since  the  introduction  of 
steam  power.  The  lifting  screw,  with  the 
banjo  frame,  is  one  which,  no  doubt,  has 
been  successful ;  still  there  are  objections 
to  this  method,  as  well  as  to  the  ordinary 
feathering  screw,  which  I  propose  to 
remedy,  and  will,  therefore,  proceed  at  once 
to  explain  my  method,  which  is,  to  con- 
struct screw-propellers  with  the  novel  fea- 
ture of  folding  blades  ;  that  is  to  say,  the 
blades  are  jointed,  or  hinged  to  the  boss,  or 
its  equivalent,  in  such  a  manner  that  they 
can  be  folded  into  a  fure-and-aft  position  ; 
and  without  impairing  the  steering  qualities 
of  the  ship,  offer  little  or  no  resistance  to 
her  progress  through  the  water  when  under 
canvas. 

The  system  of  feathering  the  screw  ac- 
complishes this  to  some  extent ;  but  owing 
to  the  twist  in  the  blades  that  is  essential 
to  form  a  perfect  screw,  it  must  necessarily 
present  some  amount  of  resistance  and  can- 
not be  rendered  entirely  neutral.  It  is  ob- 
vious that  the  ability  to  fold  the  blades  aft, 
so  as  to  form  a  continuation  of  the  vessel's 
lines,  and  give  the  water  free  access  to  the 
rudder,  must  secure  to  this  method  a  great 
advantage  over  any  plan  of  feathering, 
which  only  parti}7  effects  these  objects, 
while  folding  the  screw  accomplishes  this 
effectually.  For  vessels  of  war,  especially 
twin-screw  gun-boats,  the  invention  will 
afford  great  advantages  in  sailing  economy 
of  fuel,  and  protection  when  in  action. 
Merhant  ships  can  be  fitted  at  trifling  ex- 
pense, a  small  aperture  at  the  after-part  of 
the  vessel  for  the  screw  to  work  in  being 
all  that  is  necessary,  thereby  obviating  the 
necessity  of  lifting  the  screw  on  deck. 

The  folding  screw  will  afford  the  long 
sought  for  advantages  of  a  motive  power 
in  case  of  calms,  and  in  steaming  into  or  out 
of  port,  with  the  additional  advantages  that 
its  power  and  form  as  a  screw  can  be  ren- 
dered neutral  at  will.-  The  joints  and  coup- 
lings are  simple,  and  not  likely  to  get  out 
of  crier,  or  weed  up.  Many  arrangements 
of  mechanism  can  be  applied  for  folding 
the  blades ;  but  in  practice,  I  prefer  to 
carry  a  shaft,  which  I   call   the    adjusting 
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rod,  through  the  driving  shaft,  and  by  a 
screw  thread  are  made  to  hold  the  inner 
end  of  the  same  with  toothed  projections  on 
the  inner  ends  of  the  blades,  by  coupling 
links  or  by  other  means,  the  blades  ex- 
panded when  the  shaft  is  pushed  outwards, 
and  folded  when  it  is  drawn  inwards ; 
when  the  blades  are  expanded  they  are 
held  firm  in  position  by  being  screwed  hard 
up  against  a  stop,  and  when  folded  they 
are  secure,  by  bearing  on  each  side  of  the 
rudder-post.  When  the  propeller  is  being 
driven  by  the  engine,  there  is  no  strain  on 
the  adjusting  rod,  as  the  strain  is  taken  on 
the  boss,  and  the  pin  on  which  it  revolves ; 
when  going  astern  the  strain  is  a  compres- 
sive one  on  the  links,  and  when  folded  the 
blades  may  be  additionally  secured  by  a 
cleat  attached  to  the  after-post. 

The  whole  arrangement  would  be  under 
the  control  of  the  engineer,  without  his 
having  to  leave  the  engine-room  ;  he  would 
be  able  to  expand  or  contract  the  blades  in 
a  few  minutes  after  the  order  was  given, 
without  stopping  the  progress  of  the  vessel, 
or  calling  in  the  assistance  of  the  crew. 

The  enormous  price  of  coal  renders  neces- 
sary the  economy  of  consumption  of  fuel, 
and  although  the  route  from  Great  Britain 
to  parts  within  a  certain  radius,  via  Suez 
Canal,  will  necessarily  continue  to  be  per- 
formed by  steam  vessels  independent  of 
sails,  there  are  distant  parts  where  it 
would  be  impossible  to  make  them  pay. 
There  is  consequently,  a  large  field  open  for 
a  more  economical  class  of  vessels  that 
would  possess  an  advantage  over  an  ordi- 
nary sailing  vessel,  and  could  be  maintained 
with  very  little  additional  expense,  and,  in 
some  instances,  with  equal  dispatch  as  a 
full-power  steam  vessel. 

A  vessel  for  a  long  voyage  would  be  of 
the  following  dimensions : — Length,  300 
ft.  ;  breadth,  40  ft.  ;  depth  of  hold,  21  ft.  ; 
with  accommodations  for  passengers, 
officers,  and  crew  on  deck,  and  a  pair  of 
direct  acting  engines  placed  at  the  after- 
part  of  the  vessel,  below  the  main  deck,  on 
the  compound  principle,  capable  of  working 
to  about  150  horse-power  (indicated),  with, 
boilers  to  maintain  a  steam  pressure  of  60 
lbs.  per  square  inch.  The  consumption  of 
coal  would  be  about  72  cwt.  per  twenty- 
four   hours,    and    the   speed    when    under 
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steam  would  be  about  six  knots  in  a  calm, 
and  as  the  steam  power  need  only  be  used 
in  emergency,  such  a  vessel  should  per- 
form a  voyage  to  Australia,  out  and  home, 
with  100  tons  of  coal. 

It  is  not  advisable  to  introduce  steam 
power  into  sailing  vessels  of  the  present 
proportions  and  form,  and  the  adaptation 
may  only  be  advisable  in  such  vessels  as  are 
well  suited  for  the  combination  of  sailing 
and  steam.  In  a  sailing  vessel  built  from 
my  design,  the  best  day's  work  was  from 


'  330  to  3G0  miles,  for  nine  days.  It  ap- 
pears to  be  a  great  pity  to  dispense  with 
sails  when  such  results  can  be  obtained, 
and  if  a  small  auxiliary  power  were  intro- 

I  duced  as  above  described,  into  a  proper 
proportioned  and  well-formed  vessel,  it 
would  be  the  most  economical  and 
effectual  carrier  for  ocean  navigation. 

Messrs.  R.  Napier  and  Sons,  Glasgow, 
have  arranged  to  bring  the  propeller  into 
use,  but  have  had  no  opportunity  of  trying 
it  as  yet. 


THE  STKENGTH  OF  BUILDING  MATERIALS. 


From  "The  Builder. 


Some   very   useful    information   on   the 
strength  of  materials  employed  in  general 
building  is  given,  inter  alia,  in  Mr.  Stoney's 
valuable  book  on  the   Strains  in  Girders.* 
The  nature  of  the  strains  produced  in  all ' 
horizontal  beams—  as  bressummers,  girders,  j 
joists,   lintels,  etc. — is   alike  in  all.     It  is 
compounded  of  compressive  strains  in  the 
side  immediately  loaded  and  of  tensile  strains 
in  the  opposite  side ;    while  the  strains  pro-  j 
duced  in  pillars,  columns,  and  struts   are 
wholly  compressive,  and  in  tie-rods  and  tie-  j 
beams  wholly  tensile,  except  that  in  some 
forms  of  structure  and   mode  of  loading, 
struts  and  ties  occasionally  act  in  both  ways, 
and  in  these  cases  require  exceptional  con- 
sideration. 

Having  ascertained  by  experiment  the 
breaking  weight  of  specimens  of  materials 
of  known  dimensions,  the  general  custom  is 
to  take  some  sub-multiple  of  that  weight  as 
the  safe  load ;  as,  for  instance,  where  a  bar 
of  iron  1  in.  square  is  found  to  break  with  a 
weight  of  20  tons,  it  would  be  loaded  with 
not  more  than,  say,  5  tons,  or  one-fourth,  as 
the  working  load. 

The  crushing  strength  of  timber  varies 
with  its  condition  of  dryness,  being  not 
nearly  so  strong  when  wet  as  when  dry. 
The  crushing  strength  in  pounds  per  sq.  in., 
when  in  its  ordinary  state,  and  when  dry,  is 
as  follows,  respectively: — Red  deal,  5,748 
and  6,586;  white  deal,  6,781  and  7,293; 
spruce  fir,  6,499  and  6,819;  muhogany, 
8,198  and  8,198;  Quebec  oak,  4,231  and 
5,982;    English  oak,   6,484   and   10,058 ; 


*  The  Theory  of  Strains  in  Girders  and  Similar  Structures. 
Fiy  Bindon  B.  Stoney,  M.  A..  M.  Inst  C.  E.  New  edition.  D. 
Van  Nostrand,  New  York,  1873. 


pitch  pine,  6,790  and  6,793;  yellow  pine, 
5,375  and  5,445  ;  red  pine,  5,395  and  7,518; 
willow,  2,898  and  6,128.  These  experi- 
ments, having  been  made  with  selected 
specimens  of  small  size,  show  results  in 
general  much  greater  than  can  be  reckoned 
upon  in  practice  with  large  scantlings,  sub- 
ject to  the  defects  of  knots,  etc.,  and  proba- 
bly about  half  these  weights  per  sq.  in. 
would  represent  the  real  ultimate  strength 
of  the  respective  kinds  of  timber.  The 
working  load  should  be  only  a  fraction  of 
this  strength.  At  the  Landore  Yiaduct, 
constructed  by  the  late  Mr.  Brunei,  of  creo- 
soted  American  pine,  the  timber  was  gen- 
erally calculated  to  bear  373  lbs.  per  sq.  in. 
in  compression,  though  in  some  parts  of  the 
structure  the  strain  was  allowed  to  reach 
560  lbs.  At  the  Innoshannon  lattice  tim- 
ber bridge,  erected  by  Mr.  Nixon,  on  the 
Cork  and  Bandon  Railway,  the  ordinary 
working  strain  was  484  lbs.  in  compression. 
In  America,  General  Haupt  has  not  consid- 
ered it  safe  to  assign  more  than  800  lbs.  per 
sq.  in.  as  a  permanent  load ;  and  in  a  paper 
read  by  Mr.  Mosse,  at  the  Institution  of 
Civil  Engineers,  in  1863,  it  is  stated  that 
about  900  lbs.  per  sq.  in.  aro  usually  con- 
sidered by  American  engineers  to  be  the 
limit  of  safe  compression  for  timber  framing 
(pine  is  the  timber  here  meant).  "Navier 
and  Morin,  distinguished  French  authori- 
ties, recommend  that  the  working  strain  of 
timber  should  not  exceed  one-tenth  of  the 
breaking  strain,  and,  owing  to  its  liability 
to  decay,  this  rule  seems  safe  practice  for 
structures  which  are  exposed  to  the  weath- 
er ;  but  when  timber  is  under  cover,  one- 
eighth  of  the  breaking  strain  is  a  safe  work- 
ing load.     For  merely  temporary  purposes, 
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a  strain  of  one  fourth  of  the  breaking 
weight  is  probably  safe,  provided  there  are 
no  shocks."  The  experiments,  the  results 
'of  which  are  given  above,  were  made  with 
short  pieces,  not  more  in  height  than  twice 
the  diameter.  With  long  pillars,  however, 
the  case  is  different,  owing  to  the  liability 
to  bend  under  loads  approaching  the  safe 
compressive  strain  of  the  wood  itself.  The 
square  is  the  strongest  form  of  rectangular 
timber  pillar.  It  appears  from  Hodgkin- 
son's  experiments,  that  the  strength  of  long, 
round,  or  square  timber  pillars  is  nearly  as 
the  fourth  power  of  the  diameter  or  side 
divided  by  the  square  of  the  length.  The 
late  Professor  Hodgkinson  gave  the  follow- 
ing rules  lor  the  strength  of  timber  pillars 
with  both  ends  flat  and  well  bedded,  and 
whose  lengths  exceed  30  times  the  diame- 
ter:— 

Let  W  =  the  breaking  weight  in  ton*. 
I  =  the  length  of  the  pillar  in  feet 
d  —  the  breadth  in  inches. 

For  long  square  pillars  of  dry  Dantzic 
oak, 

W=!10.95-^-- 

For  long  square  pillars  of  red  deal  (dry), 
d* 

For  long  square  pillars  of  French  oak 
(dry), 

d* 

When  timber  pillars  are  less  than  30 
diameters  long,  they  come  under  the  class 
of  medium  pillars, '  for  which  Mr.  Hodgkin- 
son devised  the  following  formula : — 


Wi 


W 


w 


where  W  =  the  breaking  weight  in  tons 
derived  from  the  formula  for  long  pillars, 
on  the  hypothesis  that  the  pillar  yields  by 
flexure  alone ;  c=the  crushing  weight  of  a 
short  length  of  the  pillar,  i.  e.,  its  sectional 
area  multiplied  into  the  crushing  unit  strain 
of  the  material,  in  tons ;  and  W*===  the  real 
breaking  weight  of  the  medium  pillar,  in 
tons,  from  the  combined  effects  of  flexure 
and  crushing. 

Pillars  with  flat  ends,  well  bedded,  are 
much  stronger  than  pillars  with  round  ends 
or  those  imperfectly  bedded.  "In  all  long 
pillars  of  the  same  dimensions  the  resist- 


ance to  fracture  by  flexure  is  about  three 
times  greater  when  the  ends  of  the  pillars 
are  flat  and  firmly  bedded,  than  when  they 
are  rounded  and  capable  of  turning."  The 
strength  of  pillars  with  one  end  flat  and  the 
other  rounded,  is  a  mean  between  that  of  a 
pillar  with  both  ends  round  and  one  with 
both  ends  flat. 

The  crushing  strength  of  granite  of  vari- 
ous kinds  has  been  found  to  be  as  follows : 
Aberdeen  (blue),  10,914  lbs.  per  sq.  in. ; 
Peterhead,  8,263;  Cornish,  6,356;  Killi- 
ney,  10,780;  Kingstown,  10,115;  Blessing- 
ton,  3,630;  Ballvknockan,  3,173;  Newry, 
13,440;    Mount  Sorrel,  12,861. 

The  strength  of  Arbroath  paving  stone 
(sandstone)  is  7,884  lbs.  per  sq.  in. ;  Caith- 
ness, 6,493  lbs. ;  Dundee  sandstone,  6,630; 
Craigleith  white  freestone,  5,487  ;  Bramley 
Fall,  near  Leeds,  6,059;  Derby  grit,  3,142 
and  4,345;  Yorkshire  paving,  5,714.  Com- 
pact limestone,  7,713  lbs.  per  sq.  in. ;  black 
compact  Limerick  limestone,  8,355 ;  An- 
glesea  limestone,  7,579;  Valencia  slate 
10,943 ;  Killaloe,  on  bed  of  strata,  26,495 ; 
the  same  on  edge  of  strata,  15,225;  Glan- 
more  on  bed  of  strata,  21,315;  on  edge, 
12,740. 

The  ultimate  strength  of  bricks  to  resist 
compression  is  set  down  as  follows :  Pale 
red,  562  lbs.  per  sq.  in. ;  red  brick,  808 
lbs. ;  yellow-face  baked  Hammersmith  pa- 
viors,  1,002  lbs. ;  yellow-face  burnt  Ham- 
mersmith paviors,  1,441  lbs. ;  Stourbridge 
fire-brick,  1,717  lbs.  ;  Buckley  mountain 
brick,  North  Wales,  2.130  lbs. ;  brickwork 
set  in  cement  (the  bricks  not  of  a  hard  de- 
scription), 521  lbs.  per  sq.  in.  For  the  pur- 
pose of  comparing  the  strength  of  Portland 
cement  bricks  with  that  of  cjmmon  bricks, 
Mr.  Grant  made  some  experiments,  which 
were  as  follows  ("Minutes  of  Proceedings, 
Inst.  C.  E,"  vol.  xxxii.) :  Gault  clay  brick, 
8f  X4iX2|  bore  a  weight  of  40.04  tons  be- 
fore crushing ;  a  wire-cut  brick  of  the  same 
clay,  J  in.  longer  than  the  last  named, 
32.70  tons  ;  a  perforated  gault  clay  brick,  9 
in.  long,  4f  in.  wide,  2f  in.  thick,  46.40 
tons;  Suffolk  brimstones  9XHX%h  34.94 
tons;  Stock  brick,  9X4JX2|,  38.74  tons; 
Fareham  red  brick,  8|  X  41  X  2£,  93.40 
tons ;  Staffordshire  blue  brick,  pressed  with 
frog,  8  j  X  H  X  2j,  111.04  tons ;  the  same 
kind  of  brick  without  the  frog,  117.92 
tons. 

The  late  Professor  Eankine  considered 
the  crushing  strength  of  good  coursed  rub- 
ble masonry  to  be  about  four-tenths  of  that 
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of  the  stone  of  which  it  is  built.  The  re- 
sistance of  common  rubble  to  crushing  is 
not  much  greater  than  that  of  the  mortar 
which  it  contains.  The  following  is  the 
crushing*  strength  of  lime  mortar,  according 
to  Pondelet,  in  pounds  per  sq.  in. :  Lime 
and  river  sand,  430*  lbs. ;  the  same  beaten, 
596  lbs. ;  lime  and  pit  sand,  578  lbs. ;  the 
same  beaten,  800  lbs.  ;  cement  and  pound- 
ed tiles,  677  lbs.  ;  the  same  beaten,  929 
lbs. ;  these  mortars  were  eighteen  months 
old.  Fifteen  years  later  the  experiments 
were  repeated,  when  mortars  of  lime  and 
sand  were  found  to  have  increased  in  strength 
about  one-eighth,  and  mortars  of  cement 
about  one-fourth. 

Some  examples  of  the  actual  pressure 
sustained  by  stone  and  brick  of  various 
kinds  are  given,  the  greatest  of  which  ap- 
pears to  be  in  the  pillars  of  the  church  of 
All  Saints  at  Angers,  of  Fourneaux  stone, 
viz.,  38.4  tons  per  sq.  ft.  The  pillars  of  the 
dome  of  St.  Peter's,  at  Home,  carry  a  weight 
equal  to  14.9  tons  per  sq.  ft.,  and  are  of 
calcareous  tufa,  called  Travertin.  The  pil- 
lars of  the  dome  of  St.  Paul's,  London,  of 
the  oolitic  limestone  of  Portland,  carry  17.0 
"  tons  per  sq.  ft.  A  pillar  in  the  Chapter- 
house of  Elgin,  of  red  sandstone,  carries 
17.9  tons  per  sq.  ft.  Bed  Birmingham 
bricks  in  a  viaduct  in  that  town,  set  in  lias- 
lime  mortar,  carry  7  tons  per  sq.  ft.  Lon- 
don paviors,  set  in  mortar  of  1  of  cement  to 
2\  of  sand,  in  the  Charing  Cross  railway 
bridge,  carry  12  tons  per  sq.  ft.  Staf- 
fordshire blue  bricks,  set  in  Portland 
cement,  in  Clifton  Suspension  Bridge,  10 
tons  per  sq.  ft.  Concrete,  made  of  1  of 
Portland  cement  to  7  of  Thames  gravel, 
carries  8  tons  per  sq.  ft.  in  Charing  Cross 
bridge. 

Experiments  on  the  crushing  weight  of 
cast-iron  from  sixteen  localities,  showed  a 
mean  of  38.519  tons  per  sq.  in.,  the  speci- 
mens experimented  on  being  one  diameter 
and  two  diameters  high,  an  equal  number 
of  each.  The  weakest  of  these  was  27  004 
tons,  and  the  strongest  49.109  tons.  An- 
other set  of  experiments  on  twenty-two  dif- 
ferent sorts  of  cast-iron,  showed  a  mean 
crushing  weight  of  37.6  tons  per  sq.  in.  ; 
the  weakest  being  24.45  tons,  and  the 
strongest  51.78  tons.  The  strongest  speci- 
mens were  mixtures  of  different  sorts  of 
iron. 

Repeated  meltings  seem  to  have  the 
effect  of  increasing  the  crushing  strength, 
which  may  be  said  to  be  in  general  about 


42  tons  per  sq.  in.  for  mixtures,  but  for 
simple  cast  iron  to  be  somewhat  less  than 
38  tons.  In  practice,  however,  these  pres- 
sures seem  never  to  be  nearly  approached. 
For  instance,  in  the  Severn  Valley  railway 
bridge,  carrying  the  Coalbrook-dale  rail- 
way, 200  ft.  span,  and  20  ft.  rise,  the  calcu- 
lated working  strain  is  between  2^  and  3 
tons  per  sq.  in.  In  the  centre  arch  of  South- 
wark  Bridge,  240  ft.  span,  it  is  2  tons  per 
sq.  in.  In  subjecting  wrought  iron  to  a 
compressive  strain,  its  greater  elasticity 
must  be  taken  into  account.  Ordinary 
wrought  iron  is  completely  crushed,  i.  e., 
bulged,  with  a  pressure  of  from  16  to  20 
tons  per  sq.  in.,  and  the  point  at  which 
compressive  set  sensibly  commences,  i.  e. 
the  limit  of  compressive  elasticity,  is  about 
12  tons  per  sq.  in. 

The  tensile  strength,  on  the  other  hand, 
is  greater  in  wrought  than  in  cast  iron. 
The  mean  tensile  strength  of  27  sorts  of 
cast  iron  was  7  tons,  the  weakest  being 
5.667  tons,  aad  the  strongest  10.477  ; 
whereas  Mr.  Kirkaldy  found  the  mean  ten- 
sile strength  of  188  rolled  bars  to  be  25£ 
tons  per  sq.  in. ;  of  72  angle  irons  and 
straps,  241  -  0f  167  plates  lengthwise,  22.65 
tons,  and  of  160  plates  crosswise  20.6  tons. 
Timber  is  put  to  better  use  when  so  placed 
as  to  receive  a  compressive  strain  in  the  di- 
rection of  its  fibre  than  when  employed  as  a 
tie ;  nevertheless,  as  it  is  sometimes  used 
for  this  purpose,  a  few  examples  of  its 
tenacity  may  be  quoted.  Christiana  deal  is 
set  down  as  having  a  tensile  strength  of 
12,900  lbs.  per  sq.  in. ;  elm,  14,40u  lbs. ; 
fir,  12,000  lbs. ;  mahogany,  8,000  lbs.,  ac- 
cording to  Barlow,  but  according  to  Bevan, 
much  more ;  English  oak,  10,000  lbs.  ; 
pitch  pine,  7,650  lbs. ;  Norway  pine,  7,287 
to  14,300  lbs. ;  Petersburg  pine,  13,300  lbs. ; 
teak,  15,000  lbs.  These  are  lengthwise  of 
the  grain,  but  in  tearing  the  fibres  asunder 
crosswise,  the  following  numbers  are  given 
in  pounds  per  sq.  in. :  Memel  fir,  from 
540  lbs.  to  840  lbs. ;  Scotch  fir,  562  lbs. ; 
larch,  570  lbs.  to  1,700  lbs.;  oak,  2,316 
lbs. 

As  stone  is  rarely  employed  in  direct  ten- 
sion there  are  but  few  experiments  on  its 
tensile  strength,  but  the  following  are  given 
of  some  Scotch  stones,  viz. :  Arbroath  pav- 
ing, 1,261  lbs.  per  sq.  in. ;  Caithness,  1,054 
lbs. ;  Craigleith,  453  lbs. ;  Hailes,  336  lbs. ; 
Humbie,  283  lbs. ;  Binnie,  279  lbs. ;  Red- 
hall,  326  lbs. ,  Whinstone,  1,469  lbs.  The 
tensile  strength  of  mortar  is  more  often  use- 
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ful,  and  is  as  follows,  according  to  M.  Vi- 
cat :  Mortar  of  quartzose  sand,  and  emi- 
nently hydraulic  lime,  well  made,  136  lbs. 


per  sq.  in. 
hydraulic 


of  quartzose  sand  and  ordinary 
lime,  well  made,  85  lbs ;  of 
sand  and  ordinary  lime  well 
lbs.  ;    mortar,    badly   made,    21 


quartzose 
made,  51 
lbs. 

When  a  beam  projects  from  a  wall,  and 
is  loaded,  either  at  the  extremity  or  uni- 
formly over  its  length,  the  upper  edge  is 
extended  and  the  lower  edge  compressed. 
This  projecting  beam  may  be  called  a  semi- 
girder.  The  relative  strength  of  beams  or 
girders  is  proportional  to  the  breadth,  to 
the  square  of  the  depth,  and  inversely  pro- 
portional to  the  length  ;  or  in  other  words, 
it  is  proportional  to  the  cross-sectional  area 
multiplied  into  the  depth,  and  divided  by 
the  length.  The  absolute  strength  varies 
with  the  material,  and  is  determined  for 
each  kind  of  material  by  experiments,  from 
which  are  deduced  from  each  the  co-efficient 
of  rupture,  S. 

When  a  semi-girder  is  loaded  at  the  ex- 
tremity W  =  — — ,  and  S=  — -.  in  which 
/  ad 

W  =  the  breaking  weight,  a  the  sectional 
area,  d  the  depth,  and  I  the  length,  S  being 
the  constant  determined  for  each  material, 
by  finding  experimentally  the  breaking 
weight  of  a  girder  of  known  dimensions, 
and  similar  in  section  to  that  of  which  the 
strength  is  required.  For  small  rectangu- 
lar cast-iron  bars,  not  exceeding  1  in.  in 
width,  S— 3.40  tons.  For  large  rectangu- 
lar cast-iron  bars,  say  3  in.  wide,  S  =  2.25 
tons. 

For  Christiana  deal  S=l,562  lbs. ;  Eng- 
lish elm,  782  lbs.  ;  Canada  rock  elm,  1,970 
lbs. ;  Mar  Forest  fir,  1,232  lbs. ;  spruce  fir, 
1,346  lb3. ;  American  hickory,  2,129  lbs.; 
Australian  iron  bark,  2,288  lbs.  ;  ISorway 
spar,  1,474  lbs. ;  African  oak,  2,523  lbs. ; 
Dantzic  oak,  1,518  lbs. ;  English  oak,  1,694 
lbs.  ;  American  red  pine,  1,527  lbs.  ;  pitch 
pine,  1,727  lbs.  ;  American  white  pine, 
1,229  lbs.  ;  American  yellow  pine,  1,185 
lbs. ;  Dantzic  pine,  1,426  lbs. ;  Memel  pine, 
1,348  lbs.;  Eiga  pine,  1,383  lbs.;  teak, 
2,108  lbs.;  South  African  sneezewood,  3,- 
305  lbs. 

The  foregoing  values  of  S  for  timber  are 
derived  from  selected  samples  of  small 
scantling,  perfectly  free  from  knots  and 
other  imperfections  that  cannot  be  avoid- 
ed in  large  timber,  and  the  few  experi- 
ments  recorded   on    balks    of    large    size 


indicate  that  the  values  of  S  must  be  re- 
duced to  nearly  half  (.54  times)  those  given 
above. 

By  mechanical  reasoning,  as  well  as  by 
experiment,  it  is  found  that  beams  will 
carry  various  weights,  the  dimensions  be- 
ing the  same,  according  to  the  manner  in 
which   they  are  loaded,   e.  g.,  for  a  semi- 

2  a  dH 
girder,  loaded  uniformly,  W  = -" 

For  a  girder  supported  at  both  ends,  and 

,      -,    -,         !                   ^        4adS 
loaded  at  the  centre,  \\  =  — : 

For  a  girder  supported  at  both  ends,  and 

loaded  uniformly,  W  =  — 

For  a  girder  supported  at  both  ends,  and 
loaded  at  an  intermediate  point,  the  seg- 
ments of  the  length  being  called  m  and  n 
respectively,  and  m  -f-  n  being  equal  to  I, 

m  n 

It  is  often  very  useful  to  know  the  trans- 
verse strength  of  stone.  The  author  gives 
the  following  values  of  S  for  several  kinds. 
Of  granite,  the  following  :  Ballvknocken, 
co.  Wicklow,  109  lbs.  ;  Golden  Hill,  Bless- 
ington,  76  lbs. ;  Killiney,  co.  Dublin,  270 
lbs.  ;  Kingstown,  co.  Dublin,  346  lbs.  ; 
Newry,  co.  Down,  340  lbs. ;  Taylor's  Hill, 
Galway,  407  lbs. 

Of  sandstones  and  grits :  Green-moor, 
Yorkshire,  blue  stone,  335  lbs. ;  white 
stone  of  the  same  locality,  359  lbs.  ;  Caith- 
ness stone,  857  lbs.  Of  limestone  from 
Listowel  quarry,  co.  Kerry,  414  lbs. ;  Bal- 
lydurf,  King's  county,  351  lbs.;  Woodbine 
quarry,  co.  Kildare,  283  lbs. ;  Finglass 
quarry,  co.  Dublin,  291  lbs. 

Valencia  slate,  on  edge  of  strata.  1,091 
lbs. ;  the  same  on  bed  of  strata,  951  lbs.  ; 
Glanmore,  co.  Wicklow,  on  bed  of  strata, 
1,097  lbs. ;  Killaloe,  Tipperary,  on  bed  of 
strata,  1,233  lbs.  ;    Welsh  slate,  1,961  lbs. 

The  strengths  of  the  Irish  stones  are  ta- 
ken chiefly  from  Mr.  Wilkinson's  experi- 
ments, which  were  made  on  stones,  3  in. 
square  and  12  in.  clear  length,  of  bearing, 
the  pressure  being  applied  on  the  middle  of 
the  length. 

The  working  strain  put  upon  any  mate- 
rial compared  with  its  ultimate  strength, 
must  be  regarded  in  connection  with  the 
nature  of  the  material ;  the  more  fibrous 
the  material,  the  nearer  may  the  working 
load  approach  the  ultimate  strength,  within 
the  limits  of  convenience  in  respect  of  bend- 
ing. 


V\W<\ 
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GEODETIC  OPERATIONS  IN  ALGERIA. 


From  "Nature.' 


The  idea  of  prolonging  the  French  arc  of 
meridian  to  Sahara  by  the  direct  trigono- 
metrical junction  of  Spain  and  Algeria,  an 
idea  of  undoubted  scientific  value,  presented 
itself  to  the  mind  of  Captain  Perrier  when 
he  was  collecting  the  preliminary  materials 
for  the  survery  of  Algeria.  That  survey 
was  begun  at  the  same  time  as  the  conquest, 
in  the  middle  of  military  operations. 

The  design  was  to  calculate  two  great 
lines  conforming  to  parallels,  and  trans- 
versely cut  by  three  meridians  ;  quadrilater- 
als would  be  thus  formed,  completed  by  til- 
angles  of  the  first  order.  Only  a  linear 
chain  was,  however,  drawn,  except  in  the 
mountainous  regions,  where  the  operations 
wrould  have  been  attended  with  too  many 
difficulties.  This  chain  connected  with  the 
sea  by  three  excellent  bases,  would  serve 
the  purpose  of  adjusting  and  arranging  the 
detailed  operations.  French  geodesy  thus 
measured  an  arc  of  latitude  cutting  the 
Paris  meridian  and  extending  from  Mo- 
rocco to  Tunis,  with  a  length  of  990  kilo- 
metres. 

The  chain  of  first-order  triangles  may  be 
divided  into  two  parts,  the  first  from  Blidah 
to  Tunis,  measured  by  Captain  Yersigny  ; 
the  other,  more  recent,  measured  by  Captain 
Perrier. 

The  admirable  choice  of  triangles,  sta- 
tions, and  signals,  is  noteworthy.  Those 
signals  have  been  built  by  the  observers 
themselves,  as  there  were  no  steeples.  The 
precision  obtained  is  remarkable.  In  the 
sum  of  the  three  angles  of  any  triangle,  the 
error  is  about  3.12  sec.  (centesimal  seconds)* 
in  M.  Yersigny's  operations  (who  made  use 
of  Gambey's  repeating  circles)  ;  the  error  is 
about3.07  sec.  in  M.  Perrier' s  operations,  who 
made  use  of  Brunner's  excellent  azimuthal 
circles.  In  order  to  measure  the  bases,  the 
system  of  M.  Porro,  an  Italian  engineer, 
has  been  employed,  in  preference  to  the  old 
method  of  Borda,  and  it  has  been  ^followed 
by  the  best  results. 

Colonel  Levret  proved  (in  1869),  by  very 
exact  calculations,  that  the  passage  by  Gi- 
braltar could  be  dispensed  with,  and  that  it 
would  be  possible  to  communicate  between 
Spain  and  Algeria,  in  spite  of  the  immense 
distance  between  the  two  continents.     The 


*  One  centesimal  second  =0.33  min.  ordinary  second. 


entire  certainty  of  that  posibility  has  been 
proved  by  Captain  Perrier,  who  has  pointed 
out  in  a  precise  manner  the  names  and  po- 
sitions of  the  visible  summits  and  the  length 
of  the  sides  of  the  new  chain. 

It  was  only  on  October  18,  1868,  that  he 
managed  to  perceive  the  Spanish  shore ;  he 
saw  it  from  Seba  Chioukh,  near  the  mouth 
of  the  Tafna,  very  distinctly  and  without 
the  glass.  A  serrated  ridge  was  to  be  seen 
in  the  distance,  toward  the  north-west,  with 
five  prominent  summits.  The  distinctness 
was  so  perfect,  that  he  could  discern  with 
his  naked  eyes  the  different  parts  of  those 
mountains,  those  which  were  in  the  shade 
and  those  illuminated  by  the  sun.  He 
thus  measured  azimuths  with  the  summit 
of  the  Tessala,  the  zenithal  distances  of 
the  two  highest  points  of  the  ridge,  and 
the  zenithal  distance  of  the  horizon  of  the 
sea. 

After  his  return  to  Prance,  he  compared 
his  measurements  with  the  survey  of  Spain, 
made  by  Colonel  Cuello,  and  concluded 
that  he  had  observed  the  Mulahacen  of  the 
Sierra  Nevada,  and  the  peak  of  Sagra  of 
the  Sierra  Sagra,  the  highest  points  of  the 
Sierras  of  the  Province  of  Granada. 

In  Spain  the  peaks  of  Sagra  can  be  seen 
from  Mulahacen ;  those  mountains  belong 
to  the  primordial  geodetic  chains  of  the 
Iberic  peninsula.  In  Africa  the  points  of 
the  quadrilateral  (Bern  Saabia,  Tessala, 
Filhaoussen,  and  Nador)  are  reciprocally 
visible,  and  the  three  last  are  situated  in 
the  primordial  chain  of  Algeria. 

With  these  points,  Captain  Perrier  was 
enabled  to  form  a  chain  common  to  Europe 
and  Africa.  Leaving  the  station  of  Seba 
Chioukh  as  superfluous,  as  well  as  the  di- 
rection of  Nador  Sagra  as  being  too  close  to 
the  horizon  of  the  sea,  he  delineated  that 
immense  pentagon  formed  by  the  five  sum- 
mits of  Mulahacen,  Sagra,  Bern  Saabia, 
Filhaoussen,  and  Nador,  every  side  and 
diagonal  of  which  except  one,  are  the  direc- 
tions that  are  to  be  observed.  He  has  even 
calculated  and  valued  in  round  numbers  the 
length  of  the  sides  of  this  geodetic  chain. 
He  has  found — 

MttrM. 

Mulahacen-Filhaoussen 273,400 

Nador 314.500 

"  Bern  Saabia 272,200 

Sagra-Filhaoussen 313,300 

11      Bern  Saabia 271,000 
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The  length,  of  the  terrestrial  sides  are — 

Metres. 

Bern  Saabia-Filhaoussen 109,800 

"  Nador 104,800 

Muiahacen-Sagra 113,900 

With  those  approximate  numbers  (and 
valuing  at  0.08  the  coefficient  of  refraction) 
he  has  calculated  the  altitudes  of  the  two 
Spanish  mountains.  The  measures  thus  ob- 
tained differ  little  from  the  real  numbers — 

Metres. 

Mulahacen 3,994 

Sagra 2, 398 

given  by  Colonel  Cuello,   and  thus  furnish 
a  new  verification. 

As  the  geodetic  operations  are  being  con- 
tinued with  great  actively  in  Spain  and  in 
Algeria,  we  may  hope  that  in  a  few  years 
the  geodetic  bases  of  Great  Britain,  of 
France,  Spain,  and  Algeria,  reduced  to  the 
same  unit  of  measure,  can  be  connected  by 
continual  chains  of  triangles  ;  and  the  me- 
ridian line  of  France  already  prolonged 
northward  to  the  Shetland  Islands,  carried 
out  in  Spain  by  the  officers  of  that  country, 


will  reach  the  African  Continent  and  extend 
to  the  Sahara  with  a  length  of  30  deg. 

France  will  then  be  able  to  oppose  to  the 
Russian  arc  and  to  the  one  measured  in 
Central  Europe  the  French  arc,  which,  pass- 
ing over  plains  and  very  high  mountains, 
will  cross  the  North  Sea  and  the  Mediter- 
ranean. 

There  is"  thus  considerable  truth  in  the 
words  of  M.  Faye:  "Let  us  not  forget 
that  the  French,  who  are  at  the  present 
time  so  often  reproached  with  their  geo- 
graphical ignorance,  are  the  real  creators  of 
continental  or  maritime  geodesy,  and  that 
they  have  continually,  since  Cassini  to  our 
days,  published  admirable  geodetic  papers, 
which  have  served  as  models  to  our  rivals ; 
the  truly  learned  men  abroad  have  always 
acknowledged  their  value." 

The  map  of  Algeria  will  be  constructed 
on  the  same  plan  as  the  map  of  France,  to 
the  scale  of  -g-^ o  oitj  but  as  ^  w^  De  colored, 
and  as  level  curves  will  be  substituted  for 
hatchings,  it  will  have  considerable  advan- 
tages over  the  latter. 


USE  OF  THE  PLUMMET  LAMP  IN  UNDERGROUND  SURVEYING* 

By  ECKLEY  B.  COXE. 
From  the  "Engineering  and  Mining  Journal." 


In  the  anthracite  coal  regions  of  Penn- 
sylvania the  custom  has  been  to  sight  either 
at  an  open  light  (generally  a  mine  lamp), 
or  at  the  string  of  a  plumb-bob.  If  the 
station  was  intended  to  be  a  permanent 
one,  a  spud,  as  it  is  called,  that  is,  a  nail 
resembling  a  horse  shoe  nail  with  a  hole  in 
the  head,  is  driven  into  the  timbers  over 
the  station,  or,  if  there  be  no  timber,  a  hole 
is  drilled  in  the  coal  or  rock  roof,  into  which 
a  wooden  plug  is  driven,  which  serves  to 
hold  the  spud. 

The  first  operation  in  making  a  survey, 
is  to  lay  out  the  stations,  that  is,  to  mark 
the  place  where  the  holes  are  to  be  drilled 
for  the  plugs  or  the  points  on  the  timbers 
where  the  spuds  are  to  be  driven  in.  This 
should  be  done  before  any  instrumental 
work  is  begun,  as  much  labor  can  generally 
be  spared,  and  the  use  of  very  short  sights 
can  often  be  avoided,  by  carefully  laying 
out  the  stations  before  hand.  When  the 
stations  were  laid  out,  a  plumb-bob  was 
hung  from  the  innermost  spud,  which  I  will 

*A  Paper  read   before  Am.   Institute   of  MiniDg  Engineers. 


call  No.  1  ;  the  instrument  was  put  in  posi- 
tion at  No.  2,  by  plumbing  down  and  put- 
ting a  centre  pin  under  the  spud,  and  then 
setting  up  over  the  centre  pin,  and  another 
plumb-bob  was  suspended  from  No.  3. 
If  great  accuracy  was  not  required,  a  mine 
lamp  was  set  up  under  the  plumb-bobs  at 
No.  1  and  No.  3,  and  the  engineer  sighted 
at  them.  If  great  accuracy  was  required, 
a  lamp  or  some  white  surface  was  held  by 
an  assistant  behind  the  strings  of  the 
plumb-bobs.  To  work  with  any  speed  by 
the  latter  method  (i.  e.,  the  accurate  one), 
it  was  necessary  for  the  engineer  to  have 
three  assistants  on  whom  he  could  rely  even 
when  the  chaining  was  done  afterwards  ; 
viz.:  one  to  hold  the  light  behind  the  string 
at  No.  1,  one  at  No.  3,  and  an  assistant  at 
the  instrument  to  hold  the  light  while  lev- 
elling, reading  the  instrument,  etc.  When 
using  lamps  on  the  ground,  it  is  necessary 
to  examine  them  from  time  to  time  to  see 
that  they  have  not  sunk  in  the  mud  or 
turned  on  one  side,  etc.  Besides,  the  flame 
of  a  mine  lamp  is  a  very  large  object  to 
sight  at,  and  sometimes  it  is  impossible  to 
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see  it  on  the  ground  (when  it  can  be 
well  seen  2  or  3  ft.  above  it),  in  conse- 
quence of  some  intervening  obstacles.  Be- 
ing so  situated  that  it  was  necessary  for  me 
to  do  a  certain  amount  of  accurate  work, 
where  I  could  not  rely  upon  having  more 
than  one  competent  assistant,  I  had  the 
plumb-bob  lamps  constructed,  and  I  work 
with  them  with  a  single  assistant  in  the  fol- 
lowing manner  : 

"When  the  stations  have  been  laid  out,  I 
go  to  station  No.  2  with  the  transit,  and  by 
means  of  the  plumb-bob  belonging  to  the 
instrument,  I  place  the  centre  pin  (a  small 
block  of  lead  with  a  steel  pin  in  it)  precise- 
ly under  the  spud  No.  2  ;  I  then  remove  the 
plumb-bob  and  set  up  my  instrument. 
While  I  am  doing  this,  my  assistant  takes 
the  two  lamps,  suspends  one  from  spud  No. 
1,  and  the  other  from  spud  No.  3,  and  then 
comes  back  to  hold  the  light  for  me  while 
I  make  the  final  adjustments  and  take  the 
readings.  My  instrument  is  graduated  to 
360  deg.,  and  has  two  verniers  180  deg. 
apart.  I  set  the  vernier  at  zero,  and  sight 
backwards  to  lamp  No.  1.  The  flame  is 
very  small  and  has  a  blue  central  cone, 
which  I  bisect.  I  then  read  the  compass 
needle,    invert   the    telescope,    deflect  and 


sight  at  No.  3,  and  read  both  verniers  and 
the  needle.  I  then  turn  the  telescope  back, 
sight  upon  No.  1,  and  turn  the  vernier 
plate  round  nearly  180  deg.,  until  I  sight 
No.  3,  and  again  read  both  verniers.  I  ob- 
tain thus  four  readings  of  the  deflection 
from  the  vernier,  and  a  compass  reading  as 
a  check,  and  as  the  lights  are  steidy  and 
small,  the  readings  can  be  made  very  accu- 
rately and  quickly.  If  the  four  leadings 
agree  (with  their  difference  of  180  deg.)  I 
am  sure  there  is  no  mistake  and  go  on.  I 
then  take  up  my  transit,  go  to  No.  3,  run 
down  the  lamp  to  near  the  ground,  put  my 
centre  pin  under  it,  remove  the  lamp  and 
begin  to  set  up. 

In  the  meantime,  the  assistant  brings  tbe 
lamp  from  No.  1  to  No.  2,  and  then  takes 
the  lamp  from  No.  3  to  No.  4,  and  comes 
back  to  No.  3  to  assist  me  at  the  reading  of 
the  instrument.  The  work  goes  on  in  this 
way  until  all  the  angles  are  measured.  I 
then  go  back  and  chain  the  distance  irom 
one  station  to  another,  and  take  notes  of 
the  workings,  etc.  In  this  way,  two  persons 
can  make  a  very  accurate  survey  as  quickly 
as  three  can  by  the  old  method.  Of  course 
if  one  has  assistants  enough  the  chaining 
can  go  on  with  the  instrumental  work. 


DE.  WEDDING  ON  THE  WORKING  OF  BLAST  FURNACES  WITH 
RAW  COAL  AT  GLEIWITZ  IN  UPPER  SILESIA.- 

From  "Journal  of  Iron  and  Steel  Institute." 


Coal  was  used  in  the  blast  furnace  before 
coke  came  into  use.  In  England,  the  ear- 
liest experiments,  mostly  unsuccessful  how- 
ever, to  substitute  mineral  fuel  for  charcoal, 
were  made  by  Dud  Dudley  in  1620,  and 
after  many  years,  when  the  results  of  the 
former  experiments  were  almost  forgotten, 
by  Abraham  Darby,  in  1730.  Coal,  in  some 
cases  alone,  in  others  mixed  with  coke,  was 
not  employed  with  promising  results  in  the 
blast  furnace  till  after  the  introduction  of 
the  hot  blast;  first  in  Scotland  in  1830,  I 
then  in  South  Wales  and  South  Stafford- 
shire, and  in  1840  in  North  America.  About 
this  time,  a  few  unconnected  experiments 
with  the  same  object  in  view  were  made  on 
the  Continent,  in  France  at  Decazeville,  in 
Upper  Silesia  at  Konigshutte,  between  the 
years  1835  and  1837.  On  the  blowing  in 
of  the   "  Wedding "   furnace    at  the  latter 

*  Translated  from  the  German,  by  Mr.  Ernest  Bell. 


works  in  1835,  after  good  results  had  been 
obtained  from  using  raw  coal,  endeavors 
were  made  to  increase  the  profits  by  using 
this  fuel,  resulting,  however,  in  the  dis- 
covery that  the  temperature  in  the  furnace 
decreased,  instead  of  increased,  as  was  ex- 
pected. In  the  year  1835,  with  a  mixture 
by  volume  of  -^  coal  and  §  coke,  "better  re- 
sults were  obtained ;  but  nevertheless,  so 
many  difficulties,  such  as  the  irregular  de- 
scent of  the  furnace  charges,  had  to  be  en- 
countered, that  after  a  final  endeavor  in 
1837,  the  attempts  to  use  coal  were  again 
abandoned.  The  next  experiments  on  a 
large  scale  passing  over  the  failures  at 
Friedrichshutte  in  1857  and  1858,  took 
place  in  1852  in  Konigshutte.  These,  con- 
ducted by  Herr  Erbreich,  and  described  at 
length  by  him  in  XL  Vol.  of  these  Transac- 
tions, showed  however,  in  spite  of  the  great 
care  and  forethought  with  which  they  were 
conducted,  at  the  stage  when  they  were  sus- 
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pended,  no  particularly  promising  results. 
The  number  of  charges  per  day  when  work- 
ing with  coal  alone  decreased  about  20  to 
25  per  cent.,  and,  indeed,  after  three  or  four 
weeks,  50  per  cent.  In  the  well  of  the  fur- 
nace the  metal  and  slag  were  at  a  remark- 
ably low  temperature.  The  metal  was 
solid  in  fracture,  mottled,  and  at  the  edge 
white,  showed  little  strength,  was  with 
difficulty  melted  in  the  puddling  furnace, 
but  soon  balled,  and  yielded  undurable 
short-fibred  malleable  iron,  containing  little 
carbon,  with  a  very  high  percentage  of  silica. 
After  working  four  weeks,  it  became  neces- 
sary again  to  use  coke,  owing  to  the  hearth 
growing  up  and  the  furnace  scaffolding. 
Even  an  increase  in  the  temperature  of  the 
blast  (from  250  to  330  deg.  C)  did  not  im- 
prove the  working  of  the  furnace.  The 
burden  in  the  blast  furnace  consisted  of 
calcined  clay-ironstone,  mill  cinder,  and 
limestone.  The  furnace  was  of  the  follow- 
ing dimensions  : — Height,  15.22  metres  ; 
width  at  throat,  2.59  metres;  bosh,  4.65 
metres ;  and  at  the  level  of  the  tuyeres,  6  in 
number,  1.2G  metres.  In  a  second  series  of 
experiments,  the  fuel  consisted  of,  by  volume, 
one-half  of  coal.  At  first,  the  burden  was  cal- 
cined brown  hematite  with  raw  limestone, 
and  afterwards  raw  hematite  with  burned 
limestone.  With  this  burden,  although  the 
working  condition  of  the  furnace  was  good, 
the  production  decreased,  the  quantity  of 
fuel  consumed  was  greater  and  consequently 
the  cost  price  of  the  metal,  which  had  de- 
teriorated in  quality,  was  higher. 

According  to  these  results,  it  was  infer- 
red: That  the  brown  hematite  of  Upper 
Silesia  could  not  be  smelted  either  with  raw 
coal  alone  or  with  a  mixture  of  coal  and 
coke  in  equal  proportions :  That  even  a 
much  less  proportion  of  coal  than  one-half 
would,  in  all  probability,  be  inadmissible  : 
That  the  cause  of  failure  was  possibly  due 
to  the  poverty  and  decomposed  state  of  the 
ore,  which  differs  from  that  of  England, 
where  raw  coal  is  successfully  used  :  That 
the  use  of  raw  coal,  instead  of  coke  obtained 
from  the  same  coal,  changed  the  condition 
of  the  furnace  by  virtue  of*  the  cooling  effect 
of  the  operation  of  coking,  which,  when  the 
fuel  is  used  raw,  goes  on  in  the  furnace 
itself. 

The  conclusions  were  evidently  too  sweep- 
ing, although  the  explanation  of  the  failure 
of  the  experiments  must  be  regarded  as 
correct.  This  erroneous  conclusion  finds  an 
explanation   in   the   untenableness   of  the 


theory  by  which  it  was  sought  to  connect 
the  cause  and  effect.  It  was  assumed  that 
in  every  blast  furnace  there  existed  two 
distinct  zones,  being  characterized  by  prev- 
alence, in  the  upper  one  of  carbonic  oxide, 
in  the  lower  of  carbonic  acid,  and  that 
the  working  of  the  furnace  depended  princi- 
pally on  the  relative  space  occupied  by 
these  two  zones.  Since  that  time,  however, 
it  has  been  satisfactorily  proved  that  the 
quantity  of  carbonic  acid  gas  in  the  blast 
furnace  gases  at  the  tuyeres  is,  under  all 
circumstances,  very  small,  therefore  the 
question  of  a  great  height  of  zone  of  car- 
bonic acid  gas  cannot  exist ;  that  the  quantity 
of  carbonic  acid  gas  near  the  tuyeres  is  de- 
pendent on  conditions  (temperature  of  blast, 
strength  of  blast,  etc.,  etc.)  existing  outside 
the  furnace.  If  we  substitute,  therefore, 
"  reducing"  and  "melting"  for  "carbonic 
oxide"  zones,  and  look  for  their  difference 
in  the  difference  of  the  temperatures  of 
their  respective  gases,  the  foregoing  may 
bo  regarded  as  correct. 

The  difference  which  is  apparent  in 
working  a  blast  furnace  with  coal,  and  the 
same  furnace  with  coke  manufactured  from 
precisely  similar  coal,  the  rest  of  the  bur- 
den in  both  cases  being  the  same,  is  easy 
of  explanation.  In  the  first  case,  the  vola- 
tile substances  are  driven  out  of  the  coal  in 
the  furnace ;  while  in  the  latter  case,  it  is 
done  in  the  process  of  coking  outside  the 
furnace. 

The  combustible  part  of  the  fuel,  by  the 
time  it  comes  opposite  the  tuyeres,  differs 
in  either  case  but  slightly. ,  Small  differ- 
ences may  exist  in  the  possibility  of  dimin- 
ishing the  quantity  of  sulphur  (in  coke 
already  diminished  about  one-half  by 
its  being  cooled  with  water)  by  evaporation 
in  the  reducing  atmosphere  of  the  furnace  ; 
also,  in  the  greater  density  of  coke  made 
under  pressure  in  the  furnace.  The  escap- 
ing gases  are  not  different  when  using  coal. 
The  causes  of  the  difference  in  the  results 
obtained  when  working  with  raw  coal  are 
— Firstly,  that  heat  is  consumed  in  the  pro- 
cess of  coking,  and,  therefore,  lost  to  the 
zone  in  which  the  process  takes  place, 
which  is  not  the  case  when  using  coke ; 
secondly,  that  the  coal,  and  also  the  gases 
generated  during  the  process  of  coking,  oc- 
cupy a  greater  space.  These  two  causes 
tend  to  diminish  the  temperature  in  that 
part  of  the  furnace  where  the  coking  takes 
place,  and  indirectly,  therefore,  reduce  the 
temperature  of  the  whole.     The  heat  which 
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is  lost  in  these  ways  can  be  tolerably  accu- 
rately determined  by  comparing  the  quan- 
tity of  escaping  gases  when  using  coal,  with 
the  quantity  when  using  a  corresponding 
quantity  of  coke.  In  other  words,  we 
regain  the  heat  lost  when  using  coal  by 
utilizing  the  escaping  gases.  This  loss  of 
heat  in  the  furnace  explains  the  phenome- 
na and  results  of  the  experiments  carried 
out  at  Konigshutte  and  elsewhere.  As  re- 
gards the  quantity  of  fuel,  a  complete  sav- 
ing when  using  raw  coal  can  only  be  effect- 
ed by  preventing  the  loss  of  carbon  arising 
from  an  imperfect  method  of  coking  (such 
as,  for  example,  open  clamps,  heaps,  etc., 
etc.),  and  the  loss  arising  from  drawing  and 
transporting  the  coke.  As  regards  other 
circumstances  which  tend  to  reduce  the 
temperature,  first,  that  coal  will  have  the 
least  cooling  effect  which  absorbs  least  heat 
before  it  arrives  at  the  burning  point,  there- 
fore, the  least  gaseous ;  and,  secondly,  the 
cooling  effect  will  be  more  apparent  the 
greater  the  proportion  of  the  ores  and  flux 
to  the  coal.  The  poorer  the  ores  the  more 
flux  they  require. 

This  loss  of  heat  will  be  apparent  by  the 
delay  in  the  reduction,  and  if  not  remedied, 
by  the  imperfect  reduction  of  the  ores  in 
the  higher  part  of  the  furnace,  by  the  pres- 
ence of  unreduced  ore  in  the  melting  zone, 
by  the  consumption  of  carbon  for  reduction 
in  the  melting  zone,  and,  at  the  same  time, 
by  a  greater  and  greater  loss  of  heat,  re- 
sulting in  dull  iron  containing  large  quanti- 
ties of  silicates  and  carbon,  and  ending  in 
the  furnace  being  gobbed  up  and  entirely 
losing  heat. 

It  has  not  been  said,  however,  that  these 
difficulties  cannot  with  proper  arrangements 
be  overcome,  even  in  cases  where  many  un- 
unfavorable  circumstances  are  combined, 
where  the  coal  is  very  gaseous  and  the  ores 
poor,  and  require  much  flux.  A  remedy  in 
such  cases  lies  in  the  shape  of  the  furnace. 
To  this  circumstance,  which  has  already 
been  impressed  upon  you  by  the  author  in 
1861,  enough  attention  is  not  always  paid. 
That  which  was  wanting  in  the  old  furnace 
has  been  carried  out  in  the  new  construc- 
tion. In  the  first  place,  a  well  of  a  greater 
diameter  is  necessary,  in  order  that  by  in- 
creasing the  number  of  tuyeres,  a  corre- 
sponding combustion  of  carbon  in  a  unit  of 
time  may  result,  and  in  consequence  of  this 
a  proportionate  decrease  of  radiation  and  an 
increase  of  production,  and  a  higher  tempe- 
rature.    The   temperature    cannot  be    in- 


creased, as  is  the  case  when  using  coke,  by 
the  simple  addition  of  more  fuel  in  propor- 
tion to  the  quantity  of  ore,  because  the 
greater  the  charge  of  fuel  the  greater  the 
loss  of  heat  by  coking.  Hot  blast  is  requi- 
site, owing  to  the  greater  density  of  the 
coke  produced.  With  these  exceptions,  no 
other  arrangements  are  necessary,  other 
than  those  required  when  working  with 
coke.  If  we  proceed  without  changing  the 
diameter  of  the  well  and  the  pressure  of 
the  blast,  and  use  instead  of  cold,  hot  blast, 
we  not  only  do  not  gain,  but  lose,  because 
the  volume  of  oxygen  per  unit  of  time  going 
into  the  furnace  is  reduced.  Further,  wide 
throats  are  necessary  in  furnaces  using 
coal,  in  order  to  lessen  the  velocity  of  the 
falling  material,  and  of  the  escaping  gases 
in  the  upper  and  middle  parts  of  the  fur- 
nace. Calcining  the  limestone  and  in  parti- 
cular instances  the  ores,  will  materially 
prevent  loss  of  heat,  because  the  heat  con- 
sumed to  effect  this  in  the  furnace  will  be 
more  advantageously  utilized.  Hereafter, 
we  may  take  for  granted,  that  by  a  proper 
construction  of  furnace,  coke  may  under  all 
circumstances  be  superseded  by  coal ;  but 
whether  this  change  is  advantageous,  and 
therefore  economical,  depends  upon  the 
circumstances  of  each  individual  case.  Cok- 
ing coal  must,  however,  from  the  first  be 
discarded.  1st.  Owing  to  the  trouble  caus- 
ed by  large  pieces  of  coke  being  formed  in 
the  furnace  ;  and  2d,  owing  to  the  ease 
with  which  small  coal,  which  is  injurious 
when  used  in  a  raw  state,  can  be  coked. 
On  the  other  hand,  no  bituminous  coal, 
which  as  small  coal  is  not  advantageously 
converted  into  coke,  is  in  its  raw  state, 
when  found  in  the  neighborhood,  the  proper 
material  for  working  the  furnaces. 

It  is,  therefore,  somewhat  easy  to  foresee 
that  in  the  course  of  time,  in  the  blast 
furnace  district  of  Upper  Silesia  for  in- 
stance, where  the  main  supply  of  fuel  is 
non-bituminous,  it  must  be  consumed  in  a 
raw  state  in  the  blast  furnaces,  and  if  this 
should  not  altogether  succeed,  then  from 
the  small  coal  a  suitable  coke  must  be 
manufactured,  which  necessitates  coke 
ovens  constructed  for  the  purpose.  The 
failures  of  the  experiments  of  Herr  Erbreich 
must  not  daunt,  but,  on  the  other  hand,  give 
encouragement  to  make  use  of  the  knowl- 
edge already  gained  in  carrying  out  now 
experiments  on  a  more  judicious  plan.  At 
works  where  the  coke  and  coal  have  to  be 
bought  at  a  distance,   and  where  a  choice 
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has  to  be  made  between  the  two  materials, 
and  often  between  different  qualities  of 
them,  the  question  what  fuel  is  most  eco- 
nomical is  much  more  important ;  because 
it  is  materially  influenced  by  many  circum- 
stances which  would  otherwise  not  be  con- 
sidered, for  example,  the  cost  of  transport. 
The  works  at  Gleiwitz  find  themselves 
placed  in  the  latter  predicament ;  there,  as 
•will  be  proved  further  on,  the  price  of  the 
various  fuels,  bituminous  coal,  non-bitumi- 
nous coal,  and  the  coke  made  from  each, 
did  not  differ  materially.  Under  these  cir- 
cumstances, therefore,  the  task  of  reducing 
the  cost  of  metal  by  using  raw  coal  was  a 
difficult  as  well  as  a  desirable  one.  It  was 
intrusted  to  Herr  Wiebmer,  who  is  well 
known  for  his  report  of  his  visit  to  England, 
and  his  researches  on  the  hot-blast. 

Before  the  beginning  of  the  experiments 
detailed  in  this  paper,  working  with  raw 
coal  was  already  recommenced  at  Antonien- 
hutte,  in  Upper  Silesia  ;  and  with  an  addi- 
tion of  coke,  good  results  were  obtained. 
"With  acknowledged  promptness,  the  mana- 
gers of  these  works  communicated  the  re- 
sults of  the  experiments  to  Herr  Wiebmer, 
and  with  their  co-operation  the  results  were 
obtained  at  Gleiwitz.  The  results  at  both 
places  show  that  an  addition  of  coal  is  ad- 
vantageous. 

In  the  year  1869,  two  furnaces,  Nos.  I. 
and  IV.,  were  worked  at  Antonienhutte,  to 
determine  the  difference  of  management 
when  working  with  coke  and  with  coal. 
No.  I.  furnace  was  worked  entirely  with 
coke ;  in  contrast,  No.  IV.  was  worked  the 
greater  part  of  the  time  with  the  highest, 
and  what  was  then  thought  the  most  ad- 
vantageous addition  of  coal,  viz.,  two-thirds 
by  volume,  and  for  a  short  time  partly  with 
coke  alone,  same  as  No.  I.,  and  partly  with 
coal  alone. 

The  results  obtained  from  using  coke 
alone  were,  it  is  true,  very  good  ;  but  the 
economical  aspect,  as  compared  with  the 
results  when  using  an  addition  of  raw  coal, 
was  not  so  favorable,  the  latter  being  much 
cheaper.  On  the  other  hand,  the  three 
weeks'  trial  with  raw  coal  did  not  give 
satisfaction,  although  endeavors  were  made 
to  maintain  the  temperature  by  using  burn- 
ed limestone.  In  spite  of  this,  the  furnace 
cooled  so  considerably  that  the  daily 
charges  decreased  about  30  to  50  per  cent., 
causing  deposits  on  the  sides  and  bottom  of 
the  well.  The  cost  price  of  the  metal  was 
very  high,  and  the  quality  inferior. 


In  order  to  prevent  the  furnace  going  out, 
and  to  raise  it  to  a  heat  at  which  it  would 
work,  it  was  necessary  to  charge  for  some 
length  of  time  with  coke. 

The  results  were  similar  if  raw  limestone 
was  used  when  working  with  two-thirds  by 
vohyne  of  coal. 

From  these  results  it  was  now  seen  that 
one  of  the  operations  necessary  to  make  the 
experiments  with  raw  coal  at  Antonienhutte 
successful,  was  burning  the  limestone  be- 
fore putting  it  into  the  furnace,  although  it 
increased  the  cost  of  the  flux  4  lbs.  per 
centner  of  metal.  On  the  other  hand,  pre- 
paring and  calcining  the  ores  had  to  be 
abandoned,  because  the  expense  was  so 
great  as  to  preclude  the  possibility  of  an 
economical  advantage. 

It  was  ascertained  at  Antonienhutte,  as 
at  Konigshutte  in  1862,  that  when  working 
with  raw  coal,  no  higher  pressure  of  blast 
is  required  than  when  working  with  coke 
made  from  that  coal. 

For  some  time  it  was  the  impression, 
that  to  consume  coke  made  under  a  great 
pressure  in  the  furnace,  a  higher  pressure 
of  blast  was  necessary ;  and  therefore  the 
pressure  was  raised  to  4  lbs.,  but  with  un- 
favorable results,  however.  On  reducing  it 
to  the  usual  pressure — viz.,  3  lbs.  per 
square  inch — the  furnace  worked  satis- 
factorily. During  the  time  No.  IV.  was 
being  worked  with  coal,  the  blast  entered 
through  eight  tuyeres,  each  3  in.  diameter. 

It  is  supposed  that  having  numerous 
tuyeres,  of  small  diameter  compared  to 
those  used  when  working  with  coke,  adds 
materially  to  the  success  of  the  experiments 
when  using  raw  coal.  Although  it  has  al- 
ways been  affirmed  that  a  high  tempera- 
ture of  blast  is  necessary  to  work  with  raw 
coal,  it  was  nevertheless  found  that  from 
240  deg.  to  300  deg.  (C)  were  sufficient, 
and  this  was  mentioned  because  any  in- 
crease was  found  to  deteriorate  the  quality 
of  the  metal.  It  was  ascertained  that  No. 
IV.  furnace  worked  better  with  raw  coal, 
owing  to  its  increased  width  consequent  on 
its  age,  while  with  No.  I.,  which  had  a  new 
and  comparatively  narrow  well,  the  experi- 
ments were  not  so  satisfactory.  A  very 
wide  throat  was  not  found  to  be  absolutely 
necessary.  No.  IV.  had  a  well  of  7  ft.  in 
diameter,  and  a  throat  9  ft.  No.  II.,  which 
was  blown  in  at  Antonienhutte  in  1870,  is 
of  the  following  dimensions  : — Height,  13. 
15  metres  ;  width  of  throat,  4.71  metres ; 
of  bosh,  5.65  metres,  and  has   8  tuyeres  in 
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the  plane  of  the  well,  which  is  2.35  metres 
in  diameter.  From  this  furnace,  with  a 
mixture  of  §  coal  and  ^  coke  with  burned 
limestone,  good  results  as  regards  fuel  con- 
sumed were  obtained.  From  this  it  would 
appear  that  a  wide  throat  is  advantageous 
when  using  coal.  This  furnace,  however, 
has  not  worked  successfully  with  raw  coal 
alone.  The  addition  of  coal  has  not  de- 
teriorated the  quality  of  the  metal,  a  fact 
which  has  been  proved  by  frequent  chenii- 
►  cal  analyses. 

This  metal,  when  mixed  with  metal  made 
with  coke,  works  well  in  the  puddling  fur- 
nace, and  on  this  account  is  in  great 
demand. 

No  difficulty  was  experienced  at  Anto- 
nienhutte,  with  the  above  stated  quantity  of 
coal,  in  obtaining,  when  the  furnaces  were 
in  good  working  order,  different  qualities  of 
metal,  such  as  No.  I.  foundry,  and  forge. 
Indeed,  the  furnace  has  been  driven  for  a 
considerable  time  with  the  smallest  possi- 
ble quantity  of  fuel,  and  a  white  metal  has 
been  the  result,  which  is  used  at  many 
puddling  works,  in  preference,  because  it 
soon  balls. 

It  is  of  much  greater  importance,  to 
Antonienhutte,  that  coal  should  be  used  in 
its  raw  state  in  the  furnace,  because  their 
coal  is  so  non-bituminous  that  only  the 
large  pieces  can  be  used  in  coking  ;  besides, 
the  loss  in  coking  is  very  great  and  the 
coke  brittle,  and  soon  falls  into  small  pieces, 
and  therefore  will  only  bear  a  small  weight 
in  the  furnace. 

Although  the  quantity  of  fuel  consumed, 
when  working  with  a  mixture  of  coal,  is 
just  as  large  as  when  working  with  coke 
alone,  there  is  still  a  saving,  in  spite  of  the 
extra  flux  required,  owing  to  the  low  price 
of  coal  compared  to  coke. 

The  similarity  of  the  results  at  Antonien- 
hutte and  Gleiwitz  cannot  be  doubted,  more 
particularly  because  lately  the  coke  at 
Antonienhutte  was  not  made  from  non- 
bituminous  coal,  but  from  coking  coal  from 
the  Konigin-Louise  pit;  besides,  this  coke 
is,  notwithstanding  the  high  dues,  much 
cheaper  and  better  than  the  coke,  used  at 
Gleiwitz. 

However,  there  is  a  very  important 
difference  between  the  use  of  coal  at  the  two 
places,  viz.,  the  price  of  large  coal  at 
Gleiwitz  is  much  higher  than  at  Antonien- 
hutte, and  therefore  an  equal  saving  was 
not  to  be  expected. 

On  the  other  hand,  another  circumstance 


had  to  be  considered  at  Gleiwitz,  which  but 
for  the  fact  that  no  direct  economical  ad- 
vantage was  expected,  would  by  its  impor- 
tance have  helped  to  rectify  the  protracted 
attempts  in  this  direction.  Lately,  by  using 
unclean  water  in  the  boilers,  they  became 
so  encrusted  that  the  furnace  gases  would 
no  longer  both  raise  steam  and  heat  the 
blast.  It  wras,  therefore,  not  improbable 
that,  by  using  even  a  small  quantity  of  coal 
in  the  furnace,  firing  the  boilers  with  small 
coal  would  be  unnecessary,  and  thus  a 
saving  be  effected. 

The  experiment  was  carried  on  in  June, 
July,  and  August,  1870,  at  the  Karsten 
furnace.  The  results  are  shown  in  the  ac- 
companying table. 

In  this  experiment  large  coal  from  the 
Konig  pit  was  used,  because  it  was 
cheaper  than  coal  from  the  Konigin- 
Louise  pit  which  would  not  bear  car- 
riage better  than  coke.  Also,  the  coke 
made  from  it  will  cany  a  much  greater 
burden  than  coke  made  from  the  Zabrzer 
coal. 

The  ore  used  throughout  was  brown 
hematite  from  the  Perschtry  mine  at  Tarno- 
witz.  The  use  of  clay  ironstone  was,  owing 
to  its  high  price  at  Gleiwitz,  out  of  the 
question.  Neither  were  the  ores  calcined, 
because  the  large  outlay  necessary  for  the 
plant,  it  was  feared,  would  materially  dimin- 
ish the  profits.  On  the  other  hand,  for 
several  rounds  burned  limestone  was  used. 
The  existing  kilns  were  not  sufficient ;  it 
was  therefore  necessary  to  burn  the  lime- 
stone in  clamps.  This  mode  is  not  to  be  re- 
commended unless  fuel  is  very  cheap,  and 
not  even  then,  because  in  wet  weather, 
which  was  the  case  at  Gleiwitz,  the  burned 
limestone  is  reduced  to  a  powdered  hydrate 
by  the  action  of  the  rain,  and  thus  rendered 
useless  for  the  blast  furnace. 

I  may  here  remark  that  two  furnaces 
such  as  those  at  Gleiwitz  require  four  lime- 
kilns, which  would  cost  8,000  thlr.  to 
erect. 

From  the  accompanying  table  it  will  be 
seen  that  one  ctr.  burned  limestone  costs  4 
sgr.  7  pf. ;  therefore,  by  using  it,  the  cost 
price  of  metal  was  increased  1  sgr.  per  ctr.; 
while  at  Antonienhutte,  where  fuel  is 
cheaper,  and  where  less  loss  occurred,  the 
cost  of  production  was  only  increased  4  pf. 
per  ctr. 

The  following  are  the  dimensions  of  the 
Karsten  furnace,  in  which  the  experiments 
were  made,  it  being  considered  the  best 
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adapted  .-—Height,  15.06  metres  ;  width  of 
throat,  2.35  metres;  of  bosh,  4.39  metres; 
and  with  eight  tuyeres  in  the  tuyere  plane, 
which  was  2.20  metres  in  diameter.  These 
dimensions  are  very  much  the  same  as 
those  of  No.  IV.  furnace  at  Antonienhutte, 
which  has,  however,  a  somewhat  wider 
throat. 

In  conclusion,  I  may  remark  as  follows 
on  the  experiment  stated  in  the  accompany- 
ing table. 

For  the  sake  of  comparison,  I  have  placed 
those  experiments  first  in  which  most 
charges  were  consumed.  The  metal  made 
was  m  stly  a  large  crystalled  foundry,  well 
adapted  for  such  ordinary  castings  as  do 
not  require  to  be  worked  up,  because,  after 
being  melted  in  the  cupola  furnace,  it  be- 
comes too  dense  in  the  skin. 

1st  Exp.  Fuel  consisted  of  \l  coke  and 
■y1^  raw  coal ;  flux  raw  limestone.  After  a 
few  rounds,  an  unusual  stream  of  gas  was 
noticed  in  the  boiler  flues.  By  the  time  the 
rounds  descended  to  the  well,  the  furnace 
was  doing  such  good  work  that  the  amount  of 
ore  was  increased  15  lbs.  per  round,  without 
lessening  the  work  of  the  furnace.  The 
metal  made  was  large  crystalled,  and  flowed 
somewhat  faster  than  that  made  with  coke ; 
otherwise  it  was  very  similar. 

2d  Exp.  Fuel  consisted  of  -§  coke  and 
•]r  raw  coal ;  flux  of  raw  limestone.  The 
larger  addition  of  raw  coal  was  beneficial. 
The  heat  increased  in  the  well,  the  rounds 
were  more  frequent,  and  the  slag  very  hot. 
Without  increasing  the  temperature  of  blast, 
the  quantity  of  ore  was  increased  25  lbs. 
per  round.  At  the  same  time,  the  quantity 
of  flux  was  diminished.  These  improve- 
ments were  attributed  to  the  greater  purity 
of  the  coal  from  the  Konigpit,  compared  to 
the  Zabrzer  coke.  The  quantity  of  gas 
given  off  was  so  great  that  firing  the 
boilers  and  heating  stoves  was  no  longer 
necessary,  and  a  saving  of  12  tons  per  day 
of  small  coal  was  effected.  The  metal  was 
large-grained,  and  better  than  that  with 
coke,  because  it  was  more  fluid  ;  and  after 
being  melted  in  the  cupola  furnace,  was 
soft  and  capable  of  being  worked  up. 

3d  Exp.  Fuel  again  f  coke  and  ^  coal ; 
flux,  burned  limestone.  No  effect  was  pro- 
duced by  using  burned  limestone  during 
three  days*'  trial.  The  results  were  very 
similar  to  those  of  the  2d  experiment. 

4th  Exp.  Fuel,  §  coke  and  ^  raw  coal ; 
flux,  raw  limestone.  The  furnace  had  to 
be  charged  slower,  and  the  quantity  of  ore 


per  round  in  Nos.  2  and  3  experiments  had 
to  be  reduced,  in  order  to  drive  the  furnace 
regularly.  The  quantity  of  gas  given  off 
increased.  This,  however,  was  no  gain, 
because  the  gases  given  off  in  the  former 
experiments,  when  only  a  small  addition  of 
eoal  was  being  made,  more  than  sufficed  to 
raise  steam  and  heat  the  blast.  The  ten- 
sion of  the  gases  at  the  throat  of  the  furnace 
became  so  great  that  the  safety  chimney 
had  to  be  opened. 

5th  Exp.  Fuel,  -f  coke  and  |  coal;  flux, 
burned  limestone.  Burned  limestone  lessen- 
ed the  temperature  in  the  well,  and 
slightly  reduced  the  number  of  rounds  and 
the  yield. 

The  metal  was  large  crystalled,  and  re- 
sembled coke-made  metal ;  it  was,  however, 
still  adapted  to  foundry  purposes. 

6th  Exp.  Fuel,  ^  coke  and  ^  coal ;  flux, 
raw  limestone.  The  addition  of  a  large 
quantity  of  coal  soon  made  itself  apparent. 
Compared  to  the  former  experiments,  the 
charges  were  fewer,  and  the  slag  became 
tough.  On  tapping  the  furnace,  the  metal 
flowed  sluggishly,  and  was  fine-grained. 
By  lessening  the  burden  of  ore  and  increas- 
ing the  temperature  of  blast  as  much  as 
possible,  endeavors  were  made  to  prevent 
the  furnace  losing  heat ;  but,  however,  not 
with  success  till  the 

7th  Exp.,  when  burned  limestone  was 
used,  without,  however,  changing  the  other 
quantities  of  material  in  the  round.  This, 
again,  put  the  furnaoe  in  good  working 
order,  and  metal  was  large-grained  and 
very  strong. 

The  fine  crystalled  metal  obtained  from 
the  two  last  experiments  was  tried  at  the 
puddling  works  at  Herminenhutte,  and  was 
pronounced  of  inferior  quality ;  because, 
owing  to  great  waste  in  the  puddling  fur- 
nace, the  yield  was  small  and  of  poor 
quality. 

8th  Exp.  In  this  experiment  burned 
limestone  was  used  with  the  raw  coal, 
owing  to  it  having  proved  itself  the  most 
advantageous.  The  results  were  quite  the 
same  as  those  obtained  under  similar  -cir- 
cumstances at  Antonienhutte  and  Konigs- 
hutte ;  therefore,  after  three  days,  in  order 
to  increase  the  temperature  and  get  the 
furnace  in  good  working  order,  the  burden 
was  changed  to  that  used  in  the  second 
experiment.  The  metal  made  before  the 
furnace  lost  heat  was  large  crystalled,  and 
could  be  used  in  the  foundry ;  but  that 
made  during  the  latter  part  of  the  experi- 
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menf,  when  the  furnace  had  lost  heat,  was 
mottled.  It  proved  unsuitable  for  puddling. 
The  experiments  have  proved  that,  in  order 
to  obtain  regular  work  and  good  yield,  such 
as  is  obtained  when  using  coke  alone,  not 
more  thanJj  by  volume  of  coal,  such  as  that 
from  the  Konig  pit,  dare  be  used  in  work- 
ing the  furnaces  at  Gleiwitz.  That  the 
reason  why  a  larger  addition  of  coal  maybe 
made  with  advantage  at  Antonienhutte  is, 
that  there  coal  is  less  gaseous  than  that 
from  the  Konig  pit,  and,  consequently, 
the  loss  of  heat  through  coking  in  the  fur- 
nace is  not  so  great. 

The  greater  width  of  throat  at  Antonien- 
hutte had,  no  doubt,  also  a  slight  influence  ; 
at  least  the  great  pressure  of  gas  in  the 
narrow  throat  at  Gleiwitz  seems  to  make 
this  suggestion. 

The  economical  results,  by  far  the  most 
important  results  of  the  experiments,  con- 
firm what  was  expected,  that,  notwithstand- 
ing the  high  price  of  coal,  a  saving  as  com- 
pared to  working  with  coke  alone  would  be 
eifected  in  Nos.  1  and  2  experiments,  while 
a  larger  addition  of  coai  would  increase  the 
cost  of  production. 

The  saving  was  effected  in  Nos.  1  and  2 
experiments,  through:  1.  Less  coal  and 
limestone  being  necessary  in  the  furnace. 
2.  Through  almost  no  small  coal  being  re- 
quired to  fire  the  boilers  and  heat  the  blast. 

The  fact  th-it  according  as  the  addition 
of  coal  increased,  the  burden  consumed  did  | 
not,  but  on  the  contrary  decreased,   is  thus  j 
explained  :  The  raw  coal,   which  ought  to  | 
bear  a  great  burden,  has  its  power  to  do  so 
more  than  counterbalanced   by  the  cooling  I 


effect  in  the  furnace.  On  that  account,  a 
wide  throat  necessitates  the  ore  being  cal- 
cined, in  order  to  balance  this  loss  of  heat. 
It  was  proved,  however,  that  this  did  not 
give  an  economical  result. 

The  satisfactory  results  of  the  second  ex- 
periment have  given  encouragement  hence- 
forth to  charge  the  Karsten  furnace  with  -i- 
and  -J  coke,  which  has  thus  far  given  satis- 
faction ;  but  any  attempt  to  increase  the 
addition  of  coai  has  always  resulted  un- 
satisfactorily. Fine-grained  metal  made 
with  this  mixture  of  £  coke  and  £  coal  is 
at  present  being  puddled  at  Herminen- 
hutte,  and  gives  good  results.  It  works 
regularly,  balls  neither  too  fast  nor  too 
slowly,  and  gives,  when  used  alone,  fault- 
less merchant  iron  and  at  the  same  time 
only  moderate  waste. 

In  order  fully  to  understand  the  working 
of  raw  coal  when  white  iron  was  being 
made,  No.  2  furnace  at  Gleiwitz  (Schultz 
furnace)  was  experimented  upon  with  £ 
coke  and  -i-  coal.  Here  a  higher  burden  of 
ore  was  proved  to  be  practicable  ;  it  was 
difficult,  however,  to  make  white  metal 
when  the  furnace  was  in  good  workiug 
order;  it  was  mostly  mottled,  and  when  the 
burden  of  ore  was  increased,  in  order  to 
insure  a  make  of  white  metal,  the  furnace 
got  out  of  proper  working  order.  The 
quality  of  metal  made  on  this  occasion  is 
not  in  great  denrind.  White  iron  finds  a 
ready  market,  and  commands  a  better  price 
than  fine-grained  grey  pig  iron.  Therefore, 
so  long  as  these  circumstances  exist,  the 
Schultz  furnace  will  be  more  advantageously 
worked  exclusively  with  coke. 


HINTS  ON  FOEGING  IEON. 


From   "Iron." 


An  interesting  "  blue  book"  was  pub- 
lished some  time  since,  containing  much 
valuable  information  given  to  Government 
by  the  most  eminent  firms  in  the  country. 
A  brief  summary  thereof  may  not  be  devoid 
of  interest  and  value,  as  these  sources  of  in- 
formation are  not  often  applied  to  by,  or 
accessible  to,  the  general  public. 

With  respect  to  the  best  mode  of  secur- 
ing from  deterioration  the  store  of  raw  iron, 
the  opinion  is  expressed  that  it  should  be 
kept  under  cover  and  exposed  as  little  as 
possible  to  the  influence  of  moisture.  The 
best  iron  is  that  which  is  most   frequently 


worked,  or  which  in  the  manufacture  un- 
dergoes the  greatest  number  of  processes  at 
a  welding  heat.  But  very  superior  iron, 
with  the  exception  of  charcoal  iron,  is  pro- 
duced from  re -manufactured  scrap  and  old 
iron  ;  and,  in  order  to  insure  the  most  per- 
fect workmanship  in  this  important  article, 
it  is  submitted  that  means  be  afforded  in 
the  dockyards  for  re-manufacturing  the 
whole  of  the  suitable  scrap  and  old  iron 
which  arises  in  the  service.  In  some  pri- 
vate establishments  this  is  done  with  extra- 
ordinary care,  and  the  result  is  a  very  su- 
perior article. 


HINTS   ON    FORGING   IRON. 


33 


The  cleaning  of  the  scrap  iron  previous 
to  manufacture  is  recommended  to  be  done 
in  the  chain-cable  cleaning  machine  as  far 
as  possible.  By  this  means,  not  only  will 
the  scrap  iron  be  perfectly  cleaned,  but 
the  cleaning  of  the  chain-cable  will  be 
facilitated  by  the  increased  attrition  thus 
produced. 

With  reference  to  the  means  of  produc- 
ing sound  smiths'  work,  the  most  fertile 
sources  of  defects  which  from  time  to  time 
have  been  experienced  are — (1)  The  origi- 
nal inferior  quality  of  the  iron ;  (2)  Im- 
proper treatment  in  the  forging;  (3)  Im- 
proper treatment  of  articles  of  smiths'  work 
in  actual  service.  With  respect  to  the 
quality  of  the  iron,  that  employed  in  the 
dockyards  is  generally  of  good  quality,  and 
only  requires  due  care  in  its  treatment  to 
render  the  work  produced  therefrom'  equal 
to  any  legitimate  duty  required  of  it.  With 
respect  to  the  second  cause  of  defects, 
namely,  improper  treatment  in  the  forging ; 
as  this  head  refers  to  a  very  extensive  class 
of  defects,  it  may  be  proper  to  regard  it, 
first,  with  reference  to  the  nature  of  the 
forging ;  and,  secondly,  to  the  kind  of  coal 
used  in  the  operation. 

It  being  most  important  that  every  con- 
dition necessary  for  the  operation  of  weld- 
ing should  be  in  the  highest  state  of  per- 
fection, this  requires  that  the  iron  should 
be  at  the  right  wel  ling  heat,  rather  than 
over  or  under  it ;  so  that,  if  any  slight  delay 
or  impediment  arise  in  bringing  the  parts 
together,  there  may  be,  as  it  were,  a  sur- 
plus of  heat  to  work  upon ;  and  next  in  im- 
portance to  this  is,  that  as  little  scoriae  or 
oxide,  or  other  foreign  material,  as  possible 
should  cling  to,  or  interpose  between,  the 
surfaces  about  to  be  welded.  As  the  weld- 
ing of  iron  is  accompanied  by  its  combus- 
tion, and  by  the  production  of  an  oxide  in 
a  melting  state,  we  must  altogether  get 
quit  of  this  interposing  material,  as,  ere  the 
two  pieces  are  laid  together,  it  has  a  ten- 
dency to  form  as  rapidly  as  it  is  swept  or 
wiped  off.  But,  very  fortunately,  in  almost 
every  case,  if  due  care  be  paid  to  the  form 
and  manner  in  which  the  surfaces  are  pre- 
sented together,  the  instant  the  blows  are 
given  to  the  parts  in  question,  the  interpos- 
ing scoria  is  forced  out,  and  the  then  per- 
fectly pure  surfaces  of  the  welding-hot  iron 
are  so  brought  into  intimate  contact  as  to 
unite  together  and  form  one  mass.  There 
is  no  department  of  the  art  of  forging  more 
important  than  this,  inasmuch  as,  in  the 
Vol.  IX— No.  1—3 


majority  of  cases  of  defective  welding,  it  is 
observed  that  the  defect  in  question  has 
arisen  either  from  the  scoriae  being  shut  up 
by  means  of  improper  forms  of  the  surface?, 
or  that  it  has  been  insufficiently  expressed 
from  between  the  surfaces,  for  want  of  due 
energy  in  the  blows  of  the  hammer.  That 
great  attention  should  be  paid  to  this  is  the 
more  important  and  requisite,  inasmuch  as, 
in  a  great  many  cases,  the  system  of  "  dab 
on"  welding  is  unavoidable  in  the  produc- 
tion of  certain  pieces  of  work  ;  and  as  such 
"  dab  on"  parts  are  generally  subject  to 
great  and  unfavorable  strain,  it  is  more  than 
usually  requisite  to  adopt  the  proper  precau- 
tions, so  as  to  secure  the  proper  expression 
of  the  scorise,  and  the  intimate  union  of  the 
surfaces. 

Secondly.  On  the  subject  of  forging,  it 
may  be  proper  to  refer  to  the  kind  of  coal 
used  in  that  operation.  Much  evil  arises  in 
this  process  from  the  risk  of  viscid  and  sul- 
phurous scoriae  clinging  to  the  surfaces  of 
the  iron,  owing  to  the  use  of  raw  or  impure 
coal  as  the  material  for  the  smith's  fire.  If 
the  coal  were  of  a  pure  quality,  namely, 
such  as  contain  nothing  but  carbon  and  its 
ordinary  bituminous  accompaniments,  the 
evil  alluded  to  would  be  less  felt ;  but  as  all 
coal  contains,  besides  earthy  matter,  more 
or  less  of  sulphur,  a  class  of  evils  arises 
which  is  of  a  very  serious  nature.  When 
we  attempt  to  weld  together  two  pieces  df 
iron  which  have  been  heated  in  a  fire  formed 
of  very  sulphurous  coal,  not  only  is  the 
quality  of  the  iron  damaged  by  being  rend- 
ered brittle,  but  also  its  surface  becomes 
covered  with  a  certain  substance,  which,  in 
a  very  remarkable  degree,  destroys  that  ad- 
hesive quality  which  accompanies  iron  when 
at  a  welding  heat.  When  this  evil  exists 
to  excess,  the  parts  will  not  unite,  however 
much  they  may  be  hammered.  But  al- 
though such  an  extreme  case  as  this  is  not 
frequent,  yet  it  is  a  question  of  degree,  and 
not  of  existence,  so  long  as  raw  coal  is  used. 
It  is  therefore  advisable  for  those  fires  which 
admit  of  it,  slightly  to  carbonize  the  coal  in 
a  separate  oven  previous  to  use.  This  is 
the  practice  in  most  private  establishments 
where  the  quality  of  the  smith's  work  is  a 
prime  object.  The  practice  should  be  dis- 
continued of  making  notches  in  the*  scarphs 
of  two  pieces  of  iron  about  to  be  welded 
together,  as  such  notches  afford  a  lodgment 
for  scorise,  etc.  Another  extremely  bad 
practice  should  be  discontinued,  namely, 
that  of  throwing  a  few  fresh  coals  into  a 
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hollow  fire  on  the  hot  iron,  just  before  the 
heat  is  coming  out.  The  use  of  air-furnaces 
prevents  this. 

It  is  recommended  also  to  abolish  cold 
hammering,  unless  the  articles  can  after- 
wards be  annealed,  and  to  return  all  obso- 
lete unserviceable  anchors  to  be  worked  up 
in  the  dockyards,  into  wrought  iron  bars, 
etc.,  under  the  steam  hammers  and  rolls. 
The  committee  appointed  to  investigate  the 
several  matters  relating  to  iron,  etc.  (includ- 
ing Mr.  James  Nasmyth),  report  that  the 
result  of  their  experiments  clearly  shows 
that  very  heavy  strains,  even  to  the  extent 
of  the  breaking  strain  (that  is  equal  to  the 
strength  of  the  iron  itself,)  and  this  even 
several  times  repeated,  were  found  not  only 
not  to  weaken  the  iron,  but  actually  to  in- 
crease its  strength  by  every  application. 
This  conclusion  is  drawn  from  the  following 
results  of  the  several  experiments  : — 

Mean  Breaking  Strain. 

1st  fracture 33J  tons. 

2d        "       351     " 

3d        "       37*    " 

4th       "       40^    " 

"  These  facts,"  the  committee  say,  "  ap- 
peared so  important,  and  were  so  much  op- 
posed to  the  opinion  of  the  best  informed 
persons  upon  the  subject,  that  in  order  to 
prove  beyond  all  question,  that  the  increas- 
ed strength  was  due  to  the  repeated  previ- 
ous strains,  and  not  to  the  diminished 
length  of  the  bars,  we  considered  it  proper 
to  make  experiments  upon  this  point ;  we 
therefore  took  several  bars  of  the  same  kind 
of  iron,  and  of  the  same  diameter,  but  vary- 
ing length  from  10  in.  to  10  ft.,  an cl  found 
they  were  all  equally  strong.  It  may  be 
proper   to   state   the    circumstances   which 


usually  attend  the  fracture  of  iron  bars ; 
namely,  that  considerable  heat  is  evolved  at 
the  breaking  place,  and  that  the  diameter 
of  the  bar  is  everywhere  reduced,  but  parti- 
cularly so  at  the  place  of  fraciure  ;  but  it  is 
worthy  of  remark,  that  at  the  second  and 
subsequent  fractures  of  the  bars,  it  gener- 
ally happened  that  little  or  no  heat  was 
given  out  at  the  place  of  fracture,  and  that 
general  diameter  of  the  bar  was  not  again  the 
sensibly  reduced,  except  in  some  instances, 
at  the  place  of  fracture." 

No  appreciable  difference  is  caused  by  the 
process  of  galvanizing,  as  the  following  ab- 
stract of  numerous  experiments  proves. 
(The  breaking  strain  in  tons.) 

Size  of  Iron. 
Inches. 

If   ::: 

5*  ::: 

i    ... 
*    ... 

Such  is  a  brief  summary  of  the  report, 
which  was  contributed  to  by  information 
from  twenty  distinguished  tirms,  and  which 
has  been  drawn  upon  only  where  the  in- 
formation would  probably  be  of  general 
use. 

We  may  say,  in  conclusion,  that  some  of 
the  results  announced  by  the  committee 
are  somewhat  remarkable.  If  they  are 
right,  as  to  increase  of  strength  resulting 
from  the  continued  application  of  the  break- 
ing strain,  what  becomes  of  the  modern 
doctrine  of  the  "  fatigue"  of  metals,  and 
how  are  we  to  reconcile  therewith  the  ad- 
mitted action  of  the  testing  machine  sub- 
mitted to  the  Institute  of  Naval  Architec- 
ture in  1872  ? 


Galvanized 
Tin  Iron.  Not  Galvanized. 

53.375  52  833 

39.^25  39.375 

27.3:5  27  06 

19.25   19.25 

10.^25  10  G88 

4.375  4.312 


PBESIDENTIAL  ADDKESS  OF  I.  LOWTHIAN  BELL,  TO  THE  MEM- 
BERS OF  THE  IKON  AND  STEEL  INSTITUTE. 


Gentlemen, — My  distinguished  predeces- 
sors in  this  chair  have  followed  the  example 
of  presidents  in  similar  institutions  to  our 
own,  by  delivering  an  address  upon  their 
entering  upon  the  functions  of  their  office. 
Before  ^undertaking  a  duty  thus  imposed 
upoa  me  by  custom,  allow  me,  in  all  sin- 
cerity, to  tender  my  very  grateful  thanks  to 
the  members  of  the  Iron  and  Steel  Insti- 
tute, who  have  placed  me  in  a  position 
filled   successively,    and  filled   so  ably,  by 


His  Grace  the  Duke  of  Devonshire,  and  by 
Mr.  Bessemer. 

We  have  now  reached  the  fifth  year  in 
our  history,  and  I  may  perhaps  be  permit- 
ted to  refer  briefly  to  the  amount  of  success 
which  has  attended  our  efforts  in  organiz- 
ing a  society  calculated  to  afford  to  its 
members  opportunities  of  conferring  with 
each  other  on  matters  of  mutual  interest. 

In  this  country,  anterior  to  the  establish- 
ment of  the  Iron  and  Steel  Institute,  we,  aa 
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manufacturers  of  iron  in  its  various  forms, 
had  little  opportunity  of  communicating  in 
public  the  results  of  our  own  experience, 
and  of  comparing  those  results  with  the 
observations  of  other  persons  equally  in- 
terested in  their  development.  As  soon, 
however,  as  it  became  clearly  apparent  that 
there  was  an  earnest  desire  among  the  first, 
as  well  as  among  the  succeeding  promoters 
of  our  society,  to  cast  aside  all  narrow 
jealousy,  and  to  add  unreservedly  indi- 
vidual knowledge  to  the  general  stock  of 
information,  a  great  and  a  steadily  increas- 
ing wish  manifested  itself  in  the  minds  of 
iron  and  steel  makers,  in  all  parts  of  the 
empire,  to  be  admitted  as  members.  In- 
deed, this  willingness  to  be  enrolled  in  the 
ranks  of  the  Iron  and  Steel  Institute  has 
not  been  confined  to  the  British  ironmasters 
and  to  those  interested  in  this  country  in  the 
manufacture  or  useful  application  of  the 
metal  in  its  different  conditions,  but  has 
extended  itself  to  our  colleagues  in  Europe 
and  the  United  States  of  America.  To  all 
these,  in  your  name,  I  venture  to  offer  a 
most  cordial  welcome,  and  to  invite  them  to 
co-operate  with  us  in  promoting  the  common 
object  we  have  in  view. 

The  actual  number  of  members  inscribed 
upon  our  roll  amounts  to  522,  to  which  may 
be  added  65  candidates  for  election,  so  that 
we  may  now  count  upon  the  support  of  587 
gentlemen  all  directly  interested  ■  in  the 
questions  we  meet  to  discuss.  Looking, 
however,  at  the  field  which  ought  to  furnish 
us  with  recruits,  I  am  far  from  believing 
that  we  have  reached  those  limits  we  may 
reasonably  hope  to  attain.  In  this  king- 
dom alone  there  are  at  work  something  like 
700  blast  furnaces  for  smelting  iron,  and 
about  7,000  puddling  furnaces  for  trans- 
forming the  metal  into  its  malleable  state. 
Add  to  the  proprietors  and  officers  of  higher 
grade  connected  with  these  undertakings, 
those  occupied  in  our  steel  works,  foundries, 
engineering  and  divers  manufactories  and 
professions  to  whom  iron  is  a  necessity,  and 
the  persons  to  whom  the  knowledge  we 
seek  to  cultivate  ought  to  be  an  object  of 
the  highest  moment  must  be  estimated  by 
thousands. 

There  exist  here  and  there  instances  of 
that  disregard  for  scientific  inquiry  which 
is  a  natural  consequence  of  no  inconsider- 
able success  in  our  vocation,  effected  inde- 
pendently of  all  philosophical  research. 
With  such,  practical  experience,  as  it  is 
termed,  is  the  only  rule  admitted  as  a  guide. 


But  what  is  practical  experience  but  science 
of  a  kind — it  is  the  observation,  and,  to 
some  extent,  the  connection  of  certain  facts  ; 
science,  however,  so  constituted  is  often  in- 
complete in  its  links,  its  conclusions  are 
frequently  erroneous,  and  a  consequence  of 
its  application  has  often  been  great  loss 
and  grievous  disappointment. 

On  the  other  hand,  abstract  science,  cor- 
rect as  it  may  be  in  every  step  employed  in 
its  elaboration,  when  introduced  into  the 
workshop,  may  be  unable  to  stand  the  rude 
but  inevitable  test  of  commercial  practi- 
cability. If  so,  then  all  efforts  to  raise  its 
object  to  the  position  of  an  industrial  enter- 
prize  must  be  useless.  It  is  therefore  clear 
that,  if  we  would  avoid  the  failure  of  what 
may  be  designated  unscientific  practice,  or 
the  failure  of  impracticable  science,  we  must 
seek  to  combine  commercial  intelligence 
with  a  knowledge  of  those  natural  laws 
which  form  the  only  trustworthy  ground- 
work of  the  complicated  processes  in  which 
we  are  engaged.  Now,  there  cannot  be  a 
more  convenient  method  of  effecting  a 
sound  union  between  these  two  great  princi- 
ples than  that  afforded  by  such  an  organ- 
ization as  the  Iron  and  Steel  Institute,  in 
which  are  brought,  face  to  face,  men,  some 
distinguished  for  their  practical  knowledge, 
and  others  equally  eminent  for  their  attach- 
ment to  scientific  observation. 

Facts,  as  such,  may  be  completely  estab- 
lished, and  yet  very  delusive  inferences  may 
be  deduced  from  their  existence.  Thus,  40 
or  50  years  ago,  it  was  well  known  that  in 
winter  a  blast  furnace  did  more  work,  and 
often  with  less  fuel,  than  it  was  capable  of 
accomplishing  in  summer.  It  was  not  un- 
reasonable to  ascribe  this  alteration  in  effi- 
ciency of  duty  to  some  supposed  virtue 
possessed  by  cold  air  in  smelting  iron, 
which  virtue  was  less  conspicuous  when  the 
blast  was  admitted  at  warmer  tempera- 
tures. It  was  this  view  of  the  cause  of  the 
difference  which  led  some  manufacturers  to 
deny  the  merit  of  the  hot  blast.  Now, 
every  one  of  course  knows  that  a  blowing 
engine  supplies  a  greater  weight  of  air 
when  its  volume  is  condensed  by  cold,  and 
that,  as  a  rule,  it  delivers  its  blast  more 
free  from  moisture  when  the  temperature 
of  the  atmosphere  is  below  the  freezing 
point  of  water,  the  presence  of  the  latter  oc- 
casioning a  considerable  and  useless  ab- 
sorption of  heat,  and  of  course  a  corres- 
ponding waste  of  fuel. 

Again,   so   far   back  as    1841,  Ebelmen 
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examined  and  published  his  researches  on 
the  composition  of  the  gases  emitted  by  the 
blast  furnace.  These  investigations  were 
followed  up  by  others  of  a  similar  nature  by 
Bunsen,  Play  fair,  Tunner,  and  others.  The 
true  importance  of  the  assistance  rendered 
by  these  labors,  undertaken  by  men  of 
science,  seems,  at  the  time,  to  have  been 
disregarded  by  iron  manufacturers.  Never- 
theless, they  contain  information  of  the 
highest  interest  in  connection  with  the 
economy  of  fuel  in  the  smelting  process. 

If  the  founding  of  the  Iron  and  Steel 
Institute  has  not  created  a  desire  for  accu- 
rate knowledge,  based  on  sound  scientific 
investigation,  it  has  done  much,  by  the 
character  of  its  meetings  and  discussions,  to 
foster  and  develop  it.  In  this  we  have  re- 
ceived material  help  from  the  labors  of  our 
secretaries,  Mr.  Jones  and  Professor  Forbes. 
Prom  the  former,  we  have  early  intelligence 
of  what  is  being  done  in  the  British  Iron 
and  Steel  trades,  as  well  as  of  the  proceed- 
ings of  other  learned  societies,  when  they  em- 
brace matter  likely  to  interest  the  members 
of  our  own.  In  his  periodical  report,  our 
foreign  secretary  gives  us  an  excellent  ac- 
count of  the  progress  of  these  industries  in 
other  nations,  which  he  accompanies  by 
numerous  references  to  scientific  discovery 
and  literature  extracted  fiom  the  published 
works  of  continental  authors.  It  must  be 
admitted  that  the  cultivation  of  metal- 
lurgical science  has  been  much  more  in- 
dustriously pursued  abroad  than  has  hither- 
to been  the  case  in  this  country,  and  hence 
the  value  of  these  extracts  obtained  by  the 
exercise  of  great  labor  on  the  part  of  Mr. 
Porbes.  Let  us  now  hope  that  the  in- 
creasing weight  attached  -by  ourselves  to 
scientific  aid,  may  induce  our  own  philoso- 
phers to  pursue  inquiry  in  directions 
which,  while  it  affords  abundant  oppor- 
tunity for  congenial  investigation,  may  also 
be  highly  useful  and  valuable  to  society  at 
large. 

It  will  be  in  the  recollection  of  earlier 
members  that  at  our  inaugural  meeting 
our  first  president  gave  us  an  interesting 
account  of  the  history  of  the  iron  manufac- 
ture from  the  remotest  times  down  to  the 
present  day.  It  would  be  impossible,  in  the 
absence  of  any  trustworthy  record,  to  allot, 
even  during  the  last  three  centuries,  to  each 
nation  the  proper  amount  of  credit  to  which 
it  is  entitled  for  aid  rendered  in  advancing 
this  branch  of  metallurgy.  So  far,  how- 
ever, as  concerns  the   production    of  iron, 


and  its  application  to  those  purposes  which 
have  rendered  it  a  necessity  of  civilized 
life,  we  need  not  go  back  beyond  1806, 
when  the  production  of  pig  iron  in  this 
country  did  not  exceed  260,000  tons. 

We  have  very  recently  been  again  warn- 
ed of  the  present  aspect  of  foreign  competi- 
tion. It  is  said  that  this  threatens,  as  it 
did  ten  years  ago,  if  not  to  extinguish,  yet 
seriously  to  cripple  a  trade  which  has  occu- 
pied a  very  honorable  and  conspicuous 
position  in  our  manufacturing  annals. 
Doubtless,  the  progress  made  in  other  lands 
has  been  more  marked  during  the  last  20  or 
SO  years  than  in  our  own  case,  but  the  change 
has  arisen  from  a  rapid  adaptation  of  our 
appliances,  and  not  from  any  important 
discoveries  abroad.  Until,  indeed,  we  are 
made  acquainted  with  a  series  of  improve- 
ments equal  to  the  puddling  process,  the 
substitution  of  the  rolling  mills  for  forge 
hammers,  the  hot  blast,  and  our  last  grand 
achievement  of  Bessemer  steel,  we  must  per- 
mit our  national' pride  the  luxury  of  believ- 
ing that  it  is  to  ourselves,  more  than  to  any 
other  people,  that  the  world  is  indebted  for 
the  advance  which  enables  it  to  be  furnished 
with  cheap  iron.  In  striving  to  attain 
economy  in  production,  our  manufacturers 
have  not  been  insensible  to  the  importance 
of  being  able  to  furnish  the  metal  in  which 
powers  of  great  resistance  are  not  incompa- 
tible with  comparative  lightness.  Had  this 
been  overlooked,  the  high  speeds  of  our  ex- 
press trains  would  have  been  fraught  with 
danger,  marine  engines  could  never  have 
been  compressed  in  the  small  space  they 
now  occupy,  and  no  one  would  have  dreamt 
of  throwing  a  projectile  of  600  or  700  lbs. 
weight  for  a  distance  of  five  miles  from  a 
gun  made  entirely  of  English  iron. 

Pecognizing,  as  we  all  now  do,  the  value 
of  inductive  reasoning,  it  certainly  is  a 
matter  of  surprise  how  great  the  progress 
has  been  in  the  iron  industry  of  this  coun- 
try, made  independently  of  all  scientific 
teaching.  This  advance  has  been  probably 
due  to  the  opportunities  of  experiment 
which  have  been  afforded  by  an  enormous 
trade,  fostered  by  great  capital  and  by  al- 
most unlimited  natural  resources.  To  judge 
correctly  of  the  nature  of  the  growth,  which 
has  culminated  in  the  present  wonderful 
expansion  of  this  branch  of  manufacture, 
we  should  have  to  arrange  alongside 
of  our  brilliant  successes  a  list  of  our 
costly  failures,  or  of  the  irrational  patents 
of  so-called  improvements  in  the  manufac- 
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ture  of  iron  and  of  steel.  Had  we,  as  a 
nation,  been  a  little  more  systematic  in  our 
methods  of  study,  it  is  possible  some  of  the 
fruitless  attempts  at  improvement  made  by 
ourselves  might  have  been  avoided,  and 
less  time  and  money  lost  in  endeavors  to 
render  assistance  to  others  who  had  neither 
science  nor  practice  to  guide  them. 

Leaving  our  past  history,  and  directing 
our  attention  to  events  as  they  now  are  pass- 
ing before  us,  there  is  nothing  more  certain 
to  arrest  it  than  the  extraordinary  distur- 
bance in  our  position  as  iron  manufacturers 
occasioned  by  the  recent  greatly  altered 
value  of  fuel. 

Having  regard  to  the  large  quantity  of 
coal  burnt  in  producing  a  railway  bar,  it  is 
not  too  much  to  say  that  if  anything  like 
the  former  average  price  of  ordinary  pig 
iron,  viz.,  about  60s.  per  ton,  were  to  pre- 
vail, the  iron  trade  of  this  kingdom  would, 
with  fuel  at  even  half  its  present  price, 
commence  to  decline.  This  was  exactly 
what  did  happen  when  timber  grew  scarce, 
and  was  worth  more  for  other  purposes  than 
that  of  smelting.  Of  course,  any  process  of 
partial  extinction  as  that  supposed  possible 
would  be  very  gradual,  the  weaker  districts 
succumbing  in  the  first  instance.  The  very 
diminution  in  the  production  of  iron  would 
of  itself  liberate  so  large  a  quantity  of  coal 
as  would  tend  to  restore  an  equilibrium  in 
the  price  of  this  element  of  consumption. 
This  is  obvious  when  it  is  borne  in  mind 
that  out  of  107|  millions  of  tons  of  coal 
raised  in  this  kingdom  in  1869,  32^  millions 
were  devoted  to  the  manufacture  of  pig  and 
malleable  iron. 

In  the  year  1862,  the  make  of  the  former, 
in  Great  Britain,  was  close  on.  4  millions  of 
tons;  in  1872,  it  was  probably  6|  millions 
of  tons.  At  this  rate  of  increase,  in  1882, 
it  ought  to  reach  about  ll^millions  of  tons, 
and  for  this,  and  the  probable  extension  of 
malleable  ironworks,  judging  by  the  experi- 
ence of  1869,  something  like  65  million 
tons  of  coal  might  be  required.  Alongside 
of  this  tendency  to  increase  which  has 
marked  the  history  of  the  iron  trade,  it  is 
only  fair  to  assume  that  other  sections  of 
British  industry  would  not  remain  idle  in 
this  respect.  Under  such  circumstances,  it 
becomes  important  that  we  should  consider 
how  far  our  coalfields  would  be  able  to  meet 
any  greatly  increased  demand  on  their  re- 
sources for  an  article  which  is  more  or  less 
a  necessity  for  almost  every  variety  of 
manufacturing  enterprise. 


It  is  not  my  wish  to  weary  you  with 
statistical  details,  because  the  erection  of 
new  mills  in  the  cotton  and  woollen  districts, 
the  extension  of  our  railways,  the  substitu- 
tion of  steam  for  sails  in  navigation,  inform 
us  that  the  same  activity  which  prevails  in 
the  iron  trade  is  also  on  all  sides  adding  to 
any  difficulty  which  an  inadequate  supply 
of  coal  must  entail  upon  ourselves. 

On  all  hands  it  is  admitted  that  the  in- 
crease in  the  yield  of  our  collieries  has  re- 
cently been  below  that  of  the  fresh  demands 
it  has  had  to  satisfy.  In  my  opinion,  an 
important  addition  can  and  will  be  made  to 
their  present  output ;  but  it  is  very  possible 
that  the  time  is  approaching  when  any  ex- 
tension of  manufacturing  operations  in  this 
country  will  have  to  be  regulated,  not  by 
the  requirements  of  society  for  their  pro- 
duce, but  by  the  means  our  coal  mines 
possess  of  furni.-hing  the  fuel  required. 

It  must  not,  however,  be  supposed  that 
the  recent  very  rapid  rise  in  the  price  of 
coal  has  to  be  accepted  as  presenting  any 
standard  by  which  we  can  estimate  the  ex- 
tent of  the  actual  deficiency.  As  is  well 
known,  a  very  moderate  shortness  in  the 
supply  instantly  makes  iself  felt  in  the  mar- 
ket, and  this  shortness  happening  when  al- 
most every  description  of  manufacture  was 
in  an  unusually  active  state,  the  effect  on 
the  selling  value  of  coal  and  coke  has  as- 
sumed a  highly  exaggerated  form.  In  like 
manner,  the  moment  the  demand  falls,  or 
even  is  expected  to  fall,  a  trifle  below  the 
powers  of  production  of  our  collieries,  we 
may  expect  to  experience  a  very  notable 
diminution  in  the  price  of  these  commodi- 
ties. 

My  own  impression  is,  that  an  addition 
of  less  than  5  per  cent,  to  the  quantity  of 
coal  raised  duiing  the  past  year,  would  in 
all  probability  have  sufficed  to  keep  in  check 
the  exorbitant  prices  it  has  commanded  in 
the  market ;  but  in  the  meantime  our  own 
trade  owing  to  the  magnitude  of  its  con- 
sumption, has  upon  certain  occasions  been 
regarded  as  the  chief  cause  of  the  recent 
and  present  scarcity.  It  will,  I  think,  be 
found  on  inquiry,  that  the  iron  and  steel 
works  have  not,  during  1872,  used  much 
more  than  their  usual  proportion  of  the 
total  output,  i.  e.,  instead  of  burning,  as  in 
former  years,  29  to  30  per  cent,  of  the  gross 
produce  of  the  collieries,  the  quantity  con- 
sumed may  have  reached  33  per  cent,  of  the 
whole. 

However  this  may  be,  it  behooves  us,  after 
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our  recent  experience,  to  reflect  on  our  posi- 
tion in  the  event  of  a  continuance  or  a  re- 
currence of  any  great  competition  for  so  es- 
sential an  element  in  our  operations  as  coal. 
It  is  obvious,  in  such  a  case,  that  industry 
will  suffer  most  into  which  the  cost  of  fuel 
enters  most  largely.  Now,  roughly,  accord- 
ing to  the  figures  in  the  report  of  the 
"  Royal  Commissioners  appointed  to  in- 
quire into  matters  relating  to  coal,"  every 
1,000  tons  raised  in  this  kingdom  is  dis- 
posed of  as  follows : 

In  paper  making  and  tanning 6 

"  smelting  copper,  lead,  tin,  and  zinc 8 

"  water  works 14 

';  breweries  and  distilleries 18 

"  chemical  manufactures  19 

"  railway  work 20 

"  steam  navigation. 30 

';  articles  of  clay  and  glass,  and  lime-kilns -.     31 

"  textile  fabrics,  of  wool,  cotton,  silx,  flax,    and 

jute. .    42 

"  gas  work* , 60 

"  mining  operations 67 

"  coal  exported  to  foreign  countries 92 

"  general  purposes,  chiefly  steam  engines. 121 

4 '  domestic  use :   172 

"  iron  and  steel  works,  inclusive  of  that  required 

for  their  steam  power 300 

1000 

Hence  it  would  appear  that  the  iron  trade 
of  this  country  requires  for  its  prosecution 
as  much  coal  as  any  two  of  the  largest 
sources  of  consumption,  and  between  seven 
and  eight  times  that  of  textile  fabrics,  one 
of  which,  alone,  viz. ,  cotton,  is  regarded  as 
the  most  important  in  point  of  money  value 
of  all  our  manufactures. 

The  mere  extent  of  any  industrial  under- 
taking can  scarcely  be  regarded  as  being 
detrimental  to  the  national  well-being,  even 
although  it  involves  the  destruction  of  the 
vast  weight  of  coal  just  mentioned  as  being 
set  aside  for  the  ironworks  of  the  country. 
The  case,  however,  is  materially  altered  if 
it  can  be  proved  that  the  fuel  we  employ  is 
greatly  in  excess  of  that  which  is  really 
necessary,  and  beyond  that  which  by  actual 
experience  has  been  proved  elsewhere  can  be 
made  to  suffice.  An  opinion  has  been  ex- 
pressed in  high  quarters  that  the  British 
iron-makers  are  accountable  for  a  wilful 
waste  of  national  wealth  by  their  reckless 
expenditure  of  coal ;  indeed,  only  a  month 
or  two  ago,  a  minister  of  the  crown  informed 
the  world  from  his  place  in  Parliament  that 
he  had  "conversed  with  aa  intelligent  gen- 
tleman connected  with  the  iron  trade,  who 
had  travelled  in  France  and  Germany  for 
the  purpose  of  comparing  the  different 
modes  of  production  and  manufacture,  and 


no  one  circumstance  struck  him  so  much  as 
the  difference  between  the  economical  use  of 
coal  in  France  and  Germany  and  its  waste- 
ful consumption  in  this  country." 

I  intend,  in  the  time  you  have  been  so 
good  as  to  place  at  my  disposal,  to  consider 
how  far  we  have  laid  ourselves  open  to  this 
reflection  upon  our  manufacturing  skill  and 
intelligence  In  thus  examining  the  fuel 
consumed  in  some  of  our  processes,  and 
comparing  our  position  in  this  respect  with 
that  of  other  nations,  I  propose  to  avail  my- 
self of  the  opportunity  to  offer  a  few  ob- 
servations on  some  questions  connected 
with  the  processes  themselves,  which  pos- 
sess a  high  degree  of  interest  at  the  present 
moment. 

The  natural  starting  point  in  such  an  in- 
quiry as  that  contemplated  is  the  blast  fur- 
nace, because,  whatever  the  ultimate  pro- 
duct sought  for  may  be,  it  is  the  first  step 
in  the  routine  of  our  operations  ;  and,  sec- 
ondly, because  of  the  whole  quantity  of  fuel 
required  in  the  iron  trade,  it  alone  absorbs 
one-half. 

In  the  gradual  improvement  of  this  very 
important  item  of  the  ironmaster's  plant, 
this  country  may  be  said  to  stand  without  a 
rival ;  indeed,  with  the  single  exception  of 
the  use  of  the  waste  gases — no  doubt  a 
most  valuable  discovery — every  step  in 
the  march  of  amelioration  is  due  to  Brit- 
ish skill.  For  more  than  half  a  centu- 
ry, after  Darby  succeeded  in  introducing 
Dudley's  plan  of  substituting  mineral  fuel 
for  charcoal,  the  blast  furnace  may  be  said 
to  ha\e  remained  in  a  stationary  position. 
This  was  the  state  of  affairs  when  Neilson, 
50  years  after  Darby's  time,  enabled  us 
gradually  to  quadruple  the  make  of  a  fur- 
nace and  reduce  the  consumption  of  coal  on 
the  ton  of  iron  to  less  than  one-half  of  its 
previous  amount.  Some  10  or  15  years 
ago,  and  about  30  years  after  the  date  of 
Neilson's  hot  blast  patent,  the  smelters  of 
the  North  of  England,  disregarding  the 
failures  which  had  accompanied  former  at- 
tempts at  enlargement,  added  by  degrees 
to  the  height  of  their  furnaces  until  it  was 
nearly  doubled.  At  the  same  time  their 
attention  was  directed  to  a  further  increase 
in  the  temperature  of  the  blast  employed  in 
the  operation.  These  two  improvements 
effected  a  saving  of  fully  35  per  cent  of  the 
fuel  previously  consumed,  and  each  furnace 
was  enabled  to  run  400  tons,  instead  of 
half  this  quantity,  per  week. 

When  it  is  remembered  this  change  was 
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effected  in  a  new  district  where  there 
was  not  a  work  much  above  a  dozen  years 
old,  and  that  in  an  incredibly  short  space  of 
time  about  40  furnaces  were  demolished, 
and  others  erected  at  double  their  cost,  it 
cannot  be  maintained  with  any  justice  that 
indifference  to  the  economy  of  fuel  is  a  re- 
proach that  can  be  laid  at  our  door.  This 
is  rendered  more  conspicuous  by  the  fact 
that  the  great  outlay  in  question  upon 
plant  was  incurred  when  coke  was  less 
than  one-third  of  the  price  it  now  com- 
mands. 

Reduced  into  figures,  it  may  safely  be 
stated  that  with  the  perfect  mode  of  with- 
drawing and  utilizing  the  gases,  and  the 
improvements  in  the  furnace  just  men- 
tioned, the  present  make  of  pig  iron  in 
Cleveland  is  produced  with  3£  millions  of 
tons  of  coal  less  than  would  have  been 
needed  15  years  ago.  This  is  equivalent 
to  a  saving  of  45  per  cent,  of  the  quanti- 
ty formerly  used. 

With  such  an  amount  of  success  as  that 
just  alluded  to,  it  is  not  surprising  that 
furnaces  may  have  been  built  beyond  those 
dimensions  where  further  economy  in  fuel 
becomes  a  physical  impossibility.  In  like 
manner  it  may  be  proved, — indeed,  there 
are  some  of  us  who  think  it  has  been 
proved,  that  there  is  a  point  beyond  which 
it  is  useless  to  go  in  heating  the  blast. 
It  is,  no  doubt,  within  our  reach  to  study 
those  laws  in  the  laboratory  of  the  chem- 
ist, which  may  be  supposed  to  define  such 
limits  as  those  alluded  to,  but  after  all, 
the  problems  they  involve  are  too  com- 
plicated to  render  satisfactory  anything 
short  of  an  actual  appeal  to  the  blast  fur- 
nace itself.  We  are  indebted  to  the  en- 
terprise of  some  of  our  members  that  in 
spite  of  the  great  expense  attending  such 
gigantic  experiments,  this  appeal  has  been 
made,  and  it  would  be  wrong  to  omit 
acknowledging  the  services  which  Messrs. 
Cowper,  Charles  Cochrane,  and  Thomas 
Whitwell  have  rendered  in  the  course  of 
these  very  important  inquiries. 

In  order  to  settle  the  still  contested 
point  as  to  the  value  of  an  excessive 
amount  of  heat  being  introduced  along 
with  the  blast,  too  much  attention  cannot 
be  paid  in  endeavoring  to  ascertain  the 
precise  mode  of  action  exercised  by  heat- 
ed air.  This  discovery  of  the  hot  blast  by 
Neilson,  was  the  result  of  what  Dr.  Per- 
cy styles  a  "lucky  hit."  In  this  view 
of     the     invention     I    entirely      concur ; 


because  its  author  had  made  no  in- 
vestigations to  justify  the  expectation  that 
1  cwt.  of  fuel  burnt  in  his  stoves  would 
save  5  cwt.  of  coke  burnt  in  the  furnace. 
This  result  is  the  less  to  be  expected  when 
we  remember  that  of  the  heat  evolved  by 
the  combustion  of  the  1  cwt.  of  coal  in  the 
hot  air  apparatus,  not  one-third  reaches 
the  tuyeres. 

If  for  the  introduction  of  this  remarkable 
discovery  we  owe  nothing  to  experimental 
research  or  philosophical  inquiry,  it  is  per- 
haps equally  true  that  the  modes  adopted  in 
accounting  for  its  most  unexpected  influ- 
ence have  been  nearly  as  unscientific.  The 
refrigerating  effect  of  a  large  volume  of  cold 
air  admitted  into  the  hearth  of  the  furnace 
— the  higher  temperature  generally  of  its 
contents — a  more  speedy  union  of  incandes- 
cent carbon  with  heated  than  with  cold  ox- 
ygen and  the  reduction  of  the  ore  nearer 
the  crucible,  have  all  been  given  as  expla- 
nations of  the  apparently  mysterious  action 
of  the  hot  blast.  These  various  conclusions 
appear  to  have  been  arrived  at  without,  so 
far  as  I  can  learn,  any  experimental  proof 
having  been  given  in  their  support. 

I  hope  you  will  not  regard  me  as  abusing 
the  privilege  I  enjoy  of  addressing  you  from 
this  chair,  if  I  venture  to  give  my  reasons 
for  dissenting  from  opinions  formed  by  au- 
thorities, who,  with  the  single  exception  of 
practical  experience,  have  been  so  much  bet- 
ter qualified  than  myself  to  explain  the  the- 
ory of  the  hot  blast. 

That  the  action  of  heated  air  is  not  de- 
pendent on  any  of  the  conditions  just  enu- 
merated, was,  in  my  judgment,  made  appa- 
rent as  early  as  1834,  by  facts  mentioned 
by  M.  Dufrenoy.  This  gentleman,  who 
does  not  appear  to  have  continued  the  in- 
quiry by  the  light  afforded  by  his  own  ob- 
servations, was  sent  over  to  this  country  by 
the  French  Government  to  ascertain  wheth- 
er the  accounts  given  of  Neilson' s  discovery 
were  to  be  relied  on.  Dufrenoy  mentions 
the  circumstance  that,  although  there  was 
no  exaggeration  in  the  statements  respecting 
the  use  of  the  hot  blast  in  Scotland,  its  ap- 
plication at  Guerche,  in  France,  had  not 
been  accompanied  by  any  notable  advan- 
tage. Along  with  this,  we  have  the  then 
admitted  fact  in  this  country  that  there  was 
never  realized  in  Wales,  by  the  use  of 
heated  air,  much  above  one-half  the  saving 
effected  in  smelting  the  minerals  of  Scot- 
land. It  was  also  ascertained  that  in  foun- 
dry cupolas  and  in  refineries  its  use  was  not 
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productive  of  any  economy  worthy  of  the 
name. 

The  explanation,  which  appears  to  me 
sufficient  to  account  for  the  phenomena 
which  manifest  themselves  in  connection 
with  the  use  of  hot  blast,  is  that  it  is  time 
as  well  as  heat,  which  determines  the  dif- 
ference of  action  between  it  and  that  of  cold 
air.  In  addition  to  the  heat  units  con- 
tained in  the  blast,  and  which  in  effect  are 
precisely  equivalent  to  a  similar  quantity  of 
heat  evolved  by  the  combustion  of  the  fuel 
at  the  tuyeres,  there  is  an  increase  in  the 
period  of  exposure  of  the  ore  to  the  reduc- 
ing current  of  gas,  and  this  it  is  which,  in 
my  opinion,  accounts  for  the  remainder  of 
the  saving.  In  the  case  of  the  Guerche  ore, 
25  cwt.  of  fuel  was  able  to  smelt  a  ton  of 
iron,  wThereas  for  some  ores  in  England,  as, 
for  example,  those  of  Shropshire,  40  cwt.  of 
coke  was  needed.  The  ores  of  both  locali- 
ties are  about  of  the  same  richness,  and  re- 
quire for  fusion  about  the  same  quantity  of 
limestone,  cold  blast  being  used  in  each 
case.  I  ascribe  this  difference  in  the  re- 
sults obtained  to  the  circumstance  that  dif- 
ferent ores,  as  has  been  repeatedly  proved, 
are  reducible  at  very  different  rates  of  speed, 
and  in  the  two  instances  under  considera- 
tion, that  of  England  was  by  far  the  least 
susceptible  of  deoxidation.  A  necessary 
consequence  of  this  dissimilarity  is  that  the 
Shropshire  ironstone  demands  a  longer  ex- 
posure to  the  current  of  reducing  gas  than 
that  smelted  at  Guerche.  This  longer  ex- 
posure is  secured  by  the  generation  of  a 
larger  volume  of  carbonic  oxide  for  every 
ton  of  iron  made,  in  other  words,  by  the  use 
of  more  fuel.  Now  it  might  be  supposed 
that  an  equally  beneficial  effect  could  be 
commanded  by  allowing  the  furnace  to 
drive  more  slowly ;  but  experience  teaches 
us  that  no  advantage  accrues  from  this 
mode  of  treatment.  The  reason  of  this  is, 
that  heat,  as  well  as  chemical  action,  is  in- 
volved in  the  operation,  and  if  we  seek  to 
prolong  exposure  by  a  diminution  in  the 
speed  at  which  the  heat-intercepting  solids 
pass  downwards,  the  temperature  of  the  es- 
caping gases  instantly  rises  and  a  loss  en- 
sues, which  neutralizes,  or  more  than  neu- 
tralizes, the  gain  due  to  an  increased  dura- 
tion of  exposure. 

An  extended  period  of  contact  between 
the  reducing  gases  and  the  ore  may  be  ar- 
rived at  in  another  way  without  interfering 
at  all  with  the  powers  the  descending  solids 
possess  of  intercepting  the  heat  which  is  be- 


ing carried  forward  in  the  contrary  direc- 
tion. To  achieve  this,  all  that  is  required  is 
to  retain  the  original  rate  of  velocity  at 
which  the  solid  materials  travel  downwards, 
and  make  the  column  through  which  they 
have  to  pass  so  much  the  longer.  This  was 
tried  at  Lilleshall,  and  it  is  very  remarka- 
ble that  a  ton  of  iron  is  there  smelted  with 
cold  air  in  furnaces  71  ft.  high,  with  exactly 
the  same  quantity  of  fuel  as  is  consumed  in 
furnaces  about  20  ft.  lower,  but  fed  with  hot 
blast. 

But  it  may  be  asked,  how  the  mere  heat- 
ing of  the  blast  extends  the  time  allowed 
for  reduction  and  heat  interception.  This 
arises  as  follows  : — A  certain  quantity  of 
heat  is  essential  for  the  general  purposes  of 
the  furnace,  which  heat,  in  one  working 
with  cold  blast,  is  derived  exclusively  from 
the  fuel,  and  the  quantity  of  carbon  re- 
quired to  be  burnt  to  afford  the  necessary 
calorific  effect  determines  the  quantity  of 
gas,  and  of  course  determines  its  velocity 
upwards.  If,  however,  a  portion  of  the 
necessary  heat  is  generated  not  by  com- 
bustion of  carbon  in  the  furnace,  but  is 
conveyed  into  the  hearth  by  the  blast,  we 
have  the  same  calorific  power  as  before,  but 
contained  in  a  smaller  volume  of  gaseous 
matter,  and  the  reduction  of  volume  at 
the  same  time  lessens  the  speed  of  the 
current  towards  the  throat;  in  other 
words,  permits  a  longer  sojourn  of  the 
gas  in  the  furnace. 

We  have  then,  in  the  higher  furnace 
fed  with  cold  air.  a  portion  of  the  reducing 
gas,  carbonic  oxide,  becoming  as  far  as  the 
nature  of  the  operation  will  permit,  charged 
with  oxygen  which  it  abstracts  in  small 
quantities  from  a  larger  number  of  por- 
tions of  iron  oxide  contained  in  the  longer 
column.  In  the  shorter  furnace  driven 
with  hot  air,  each  portion  of  carbonic  oxide 
becomes  similarly  charged  with  oxygen, 
by  passing  over  fewer  portions  of  iron 
oxide,  but  remaining  longer  in  contact 
with  each. 

Now,  the  inquiry  which  such  an  ex- 
planation as  the  foregoing  prompts,  is 
whether  a  furnace  could  have  its  height 
so  increased  as  to  dispense  with  heating 
the  air  altogether,  and  thus  save  the  fuel 
used  in  the  hot  blast  apparatus.  Approxi- 
mately, two-thirds  or  three-fourths  of  the 
quantity  of  heat  contained  in  the  air  when 
at  about  900  deg.  F.,  is  found  in  the  gases 
as  they  leave  the  furnace.  If,  then,  we 
could  so  arrange  matters  as  to  reduce  the 
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temperature  of  these  gases  to  that  of  the 
atmosphere,  we  might  diminish  the  heat  of 
the  blast  to  something  like  350  deg.  F.  It 
seems  pretty  certain,  however,  that  a  large 
proportion  of  the  heat  found  in  the  gases  is 
due  to  chemical  action  going  on  so  near  the 
top  of  the  furnace,  that  it  is  highly  im- 
probable much  change  can  be  effected  in 
the  way  suggested.  This  means,  looking 
at  the  price  of  fuel  used  in  the  furnace,  and 
that  employed  in  the  hot  air  stoves,  that 
it  will  be  found  advantageous  to  continue 
to  heat  the  air  to  something  above  800 
deg.  F. 

The  extent  to  which  the  reducing  gas 
(carbonic  oxide)  can  take  up  oxygen,  offers 
an  impassable  barrier  to  diminishing  the 
fuel  used  in  the  furnace  beyond  a  certain 
point.  What  this  precise  minimum  point 
is,  may  be  a  subject  of  some  doubt,  but  in 
my  opinion  we  are  very  close  upon  it  when 
we  are  using  about  21  cwt.  of  Durham 
coke,  in  smelting  a  ton  of  foundry  iron  from 
the  usual  run  of  Cleveland  ore. 

"When  it  is  stated  that  in  practice  we  often 
come  within  five  per  cent,  of  this  theoreti- 
cal quantity,  the  ironmasters  of  this  country 
cannot  be  justly  accused  with  wasting  fuel, 
at  all  events  in  the  blast  furnace.  On  the 
other  hand,  I  apprehend  that  we,  in  com- 
mon with  our  friends  in  Germany,  France, 
and  elsewhere,  are  not  sufficiently  mindful 
of  the  heat  capable  of  being  afforded  by 
our  waste  gases.  This  loss  arises  chiefly 
from  the  unnecessarily  high  temperature  at 
which,  as  a  rule,  the  products  of  their  com- 
bustion are  permitted  to  escape  into  the 
atmosphere,  and  might,  in  a  great  measure, 
be  suppressed  by  the  use  of  apparatus  of 
increased  power.  Of  course,  this  is  a 
question  to  be  decided  upon  commercial 
considerations  alone,  for  if  the  additional 
size  of  boilers  or  other  apparatus,  in  con- 
nection with  our  smelting  establishments, 
involved  a  greater  money  value  in  interest 
and  repairs  than  the  saving  of  fuel  was 
worth,  we  must  be  content  to  suffer  the 
waste.  At  the  same  time  it  must  be  re- 
membered that  the  relation  between  the 
saving  and  its  cost  is  a  very  fluctuating 
one,  and  that  which  was  impracticable, 
commercially  speaking,  with  coal  at  one 
price,  becomes  imperatively  necessary  when 
its  value  is  quadrupled,  as  has  happened 
very  recently. 

The  proper  fuel  of  the  blast  furnace  is 
coke,  and  it  is  easy  to  prove  that  the  act  of 
coking,  as  it  is  usually  performed,   entails 


a  great  sacrifice  of  heat.  This  is  due  to  the 
combustion  of  about  one-half  the  volatile 
constituents  of  coal  being  sufficient  to  effect 
the  expulsion  of  the  whole.  In  the  County 
of  Durham,  we  are  now  beginning  to  fol- 
low the  example  set  us  by  the  Belgian 
ironmasters  by  using  the  surplus  of 
heat  as  a  motive  power,  which  with  us 
is  applied  to  the  general  purposes  of  the 
colliery. 

The  use  of  raw  coal  in  the  blast  furnace 
involves  the  expenditure  of  a  certain  quan- 
tity of  additional  fuel  in  order  to  gasify  the 
hydrocarbons,  but  this  loss  Mr.  Ferrie  has 
succeeded  in  rendering  unnecesary  by  his 
so-called  self  coking  furnace,  which  has 
been  described  and  discussed  in  our  Trans- 
actions. 

With  the  less  important  exception  of  the 
heat  obtained  by  burning  the  escaping 
gases  of  the  blast  furnace,  in  which  there 
arises  an  admitted  waste,  it  seems  as  if  we 
are  justified  in  believing  that  the  smelting 
process  is  being  carried  on  in  England  with 
almost  as  small  an  amount  of  fuel  as  theory 
indicates  to  be  possible.  When,  however, 
we  leave  this  department  of  the  ironmaker's 
art  and  enter  that  devoted  to  the  manufac- 
ture of  the  metal  in  its  malleable  form,  we 
have  no  alternative  but  to  concede  that,  in 
this  country,  as  well  as  in  every  iron-pro- 
ducing community,  a  great  waste  of  heat  is 
very  apparent.  The  conversion  of  pig  into 
wrought  iron  may  be  said  to  be  exclusively 
performed  in  the  reverberatory  furnace,  as 
the  only  one  which  hitherto  has  been 
capable  of  doing  the  required  duty.  In 
this  small  structure  a  small  quantity  of 
material  is  exposed  at  one  time,  with  a 
view  to  avoid  waste  of  metal,  and  the  con- 
sequence is  an  immense  waste  of  heat, 
which  makes  its  escape  up  the  chimney, 
as  well  as  by  great  dispersion  from  radia- 
tion and  convection  from  the  thin  walls  of 
the  furnace.  So  great  is  the  loss  from 
these  causes,  that  Professor  Krans,  of  Lou- 
vain,  estimates  that  in  an  ordinary  mill 
furnace  the  iron  does  not  absorb  more  than 
7  per  cent,  of  the  heat  emitted  by  the  coal 
employed.  True  it  is,  the  plan,  originally 
a  French  one,  I  believe,  of  raising  steam  by 
heat,  formerly  carried  off  by  the  chimneys 
of  our  forges  and  mills,  has  been  exten- 
sively introduced  into  this  country.  Even 
then,  according  to  some  recent  trials  I  have 
had  made,  the  loss  is  nearly  30  per  cent, 
of  that  due  to  the  fuel  consumed,  which  is 
about  three  times  the  quantity  required  for 
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determining  the  draught  of  the  chimney 
itself. 

When  the  products  of  combustion  from 
a  reverberatory  furnace  of  the  ordinary 
type  enter  direct  into  the  flue,  the  heat  con- 
veyed away  is  probably  not  under  double 
that  which  is  lost  when  they  are  utilized 
for  steam  purposes,  i.e.,  60  per  cent,  of  the 
calorific  power  of  the  fuel  is  wasted  from 
this  cause.  Mr.  Siemens  avoids,  in  a  very 
great  measure,  this  loss,  by  the  use  of  his 
so-called  regenerative  system,  in  which  the 
gases  are  cooled  down  to  about  400  deg.  F., 
instead  of  escaping  at  above  2,000  deg.  In 
order  to  re-convey  this  heat  into  the  fur- 
nace, the  fuel  is  employed  in  the  form  of 
gas,  which,  along  with  the  air  required  for 
its  combustion,  arrive  at  the  working  bed 
at  a  very  high  temperature,  where  they 
unite  under  very  favorable  conditions.  The 
use,  however,  of  the  coal  in  a  gaseous  form 
involves  a  loss  of  about  30  per  cent,  of  its 
heating  power,  but  such  is  the  advantage 
derived  from  the  regenerators  that  the 
effective  duty  obtained  from  a  Siemens 
furnace  is,  according  to  M.  Krans,  more 
than  twice  that  afforded  by  one  of  the  old 
form. 

When  a  moderately  high  temperature 
only  is  required,  and  the  waste  heat  can  be 
profitably  employed  as  a  source  of  steam,  it 
is  not  clear  that  there  is  any  gain  in  using 
Mr.  Siemens'  more  complicated  apparatus, 
but  the  great  value  of  the  invention  consists 
in  the  intense  heat  it  enables  us  to  com- 
mand— in  the  cleanness  of  its  flame,  and 
the  readiness  with  which  the  nature  of  the 
flame  can  be  altered  by  the  admission  of  a 
greater  or  less  relative  quantity  of  inflam- 
mable gas.  These  last  mentioned  peculi- 
arities are  probably  destined  to  raise  this 
furnace  to  a  position  of  great  importance  in 
iron  metallurgy,  as  I  shall  shortly  have 
occasion  to  show. 

In  the  year  1856,  there  was  read,  at  the 
Cheltenham  meeting  of  the  British  Associa- 
tion, a  paper,  which,  during  the  late  fabu- 
lous prices  of  coal,  would  have  been  receiv- 
ed with  peculiar  interest  by  the  iron  trade. 
The  title  it  bore  was,  "  On  the  manufacture 
of  iron  and  steel  without  fuel."  It  is  diffi- 
cult to  say  whether  science  or  art  was  more 
perplexed  at  this  announcement  by  your 
late  president.  The  former  appears  to  have 
thought  it  prudent  to  remain  silent  at  all 
events  in  the  Transactions  of  the  British 
Association  ;  for  all  the  notice  there  bestow- 
ed on  Mr.  Bessemer' s  discovery  is  the  bare 


mention  of  the  title  of  his  communication. 
Art  was  less  reticent,  for  I  remember  the 
ridicule  with  which  the  proposal  was  re- 
ceived, because  the  process,  as  you  know, 
involved  the  keeping  a  mass  of  malleable 
iron  liquid,  the  heat  being  obtained  by 
blowing  cold  air  through  molten  pig.  They 
who  were  incredulous  overlooked  a  fact 
they  must  have  observed  many  times  in  the 
ordinary  refinery,  in  which,  towards  the 
end  of  the  operation,  an  intense  temperature 
is  maintained  by  the  action  of  the  blast  on 
the  metal,  and  this  increment  of  heat  is 
independent  of  the  coke  used  in  the  process. 
Correct  as  Mr.  Bessemer's  title  of  his  in- 
vention may  be  in  ordinary  language,  it  is 
certainly  not  so  from  a  scientific  point  of 
view,  the  fuel  in  reality  consisting  of  the 
carbon,  silicon,  and  about  10  per  cent,  of 
the  iron  under  treatment.  If  .men  of 
science  hesitated  to  pronounce  on  the  merits 
of  the  invention  at  the  time,  they  and  we 
were  equally  in  the  dark  as  to  the,  cause  of 
failure  in  Mr.  Bessemer's  first  attempts. 
Dr.  Abel  analyzed  some  iron  made  by  this 
method  from  a  very  pure  kind  of  pig,  and  I 
will  venture  to  say,  except  in  the  laboratory, 
a  purer,  or  as  pure  a  specimen  of  the  metal 
never  was  heard  of.  It  contained  only  a 
minute  trace  of  carbon,  no  silicon,  a  mere 
trace  of  phosphorus  andmanganese,  and  only 
.02  per  cent,  of  sulphur.  Nevertheless,  the 
wrought  iron,  as  well  as  the  steel  made  ac- 
cording to  Mr.  Bessemer's  original  plan, 
were  simply  worthless.  In  this  difficulty 
a  ray  of  scientific  truth,  brought  to  light 
100  years  before,  came  to  the  rescue. 
Bergmann  was  one  of  the  earliest  philos- 
ophers who  discarded  all  theory,  and  intro- 
duced into  chemistry  that  process  of  analy- 
sis which  is  the  indispensable  antecedent  of 
scientific  system.  This  Swedish  experi- 
menter had  ascertained  the  existence  of 
manganese  in  the  iron  of  that  country,  and 
connected  its  presence  with  suitability  for 
steel  purposes.  My  friend,  the  late  Josiah 
Marshall  Heath,  was  led,  I  understand,  in 
consequence,  to  try  the  effect  of  introducing 
this  metal  into  ordinary  cast  steel  with  the 
most  useful  results. 

In  smelting  certain  German  ores  contain- 
ing manganese  there  had  been  produced  for 
many  years  a  certain  variety  of  iron  known 
as  Spiegeleisen,  which  contains  a  varying 
quantity  of  the  former  metal.  Mr.  Robert 
1'orester  Mushet,  conceived  that  the  ad- 
dition of  this  substance  into  the  Bessemer 
converter  might  remove  the  defects  of  steel 
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made  by  the  new  process  for  the  same 
reasons  that  Heath's  addition  of  manganese 
had  been  serviceable  in  the  steel  pot.  In 
this  hope  he  was  not  disappointed,  and  by 
this  simple,  bnt  important  modification  of 
Mr.  Bessemer's  original  idea,  we  now  have 
400,000  tons  annually  produced  in  this 
country,  of  Bessemer  steel  or  iron,  for  it  is 
difficult  to  say  to  which  division  it  properly 
belongs.  Notwithstanding  this,  and  not- 
withstanding the  possibility  of  other  methods 
hereafter  contesting  with  it  its  present  posi- 
tion of  supremacy,  no  one  can  hesitate  to 
admit  that  Mr.  Bessemer's  invention  consti- 
tuted and  will  continue  to  constitute  a  most 
important  era  in  the  history  of  the  iron 
trade,  both  as  regards  the  ingenuity  of  the 
apparatus  employed,  and  as  regards  the  op- 
portunity it  has  afforded  the  world,  for  the 
time,  of  applying  cheap  steel  in  cases  where 
iron  had  hitherto  been  exclusively  made 
use  of. 

Up  to  the  period  of  Mr.  Bessemer's  in- 
vention, the  quantity  of  malleable  iron 
which  had  been  seen  simultaneously  in  a 
liquid  state  was  extremely  small.  As  a 
mere  scientific  fact,  the  announcement  that 
5  tons  of  this  substance  could  be  melted 
under  such  extraordinary  conditions  as  he 
described,  was  one  well  calculated  to  excite 
feelings  of  the  utmost  surprise  ;  and  had 
there  been  no  other  method  discovered  of 
commanding  the  necessary  temperature  on 
a  large  and  economical  scale,  the  Bessemer 
converter  must  have  remained  the  only 
means  of  procuring  cast  steel  at  a  cheap 
rate.  This  faculty,  however,  is  now  divided 
with  the  Siemens  furnace,  and  for  some 
years  past,  this  form  of  apparatus  has  been 
employed  in  the  so-called  Siemens-Martin 
process,  consisting  of  melting  a  mixture  of 
pig  and  wrought  iron  together  in  such  pro- 
portions as  to  form  steel  or  steel-grained 
iron.  This  mode  of  manufacture,  however, 
has  the  inconvenience  of  requiring  the  par- 
tial intervention  of  the  puddling  process, 
which  is  costly  and  is  entirely  avoided  by 
Mr.  Bessemer's  plan. 

More  recently,  at  the  Siemens  Steel 
"Works,  at  Landore,  the  regenerative  fur- 
nace has  been  put  in  requisition  to  produce 
steel  by  a  remarkably  simple  mode  of  pro- 
cedure, indicated  150  years  ago  by  Reau- 
mur, and,  subsequently,  by  Hassenfratz  and 
others.  Pig  iron  of  suitable  quality  is  fused 
in  the  furnace  itself,  and,  when  at  an  intense 
temperature,  iron  ore  of  the  purer  descrip- 
tions of  oxides  is  added.     A  reaction  takes 


place,  by  which  the  pig  iron  loses  its  silicon 
and  carbon,  and  the  ore  its  oxygen,  the  iron 
from  both  remaining  in  the  metallic  form. 
Thus,  that  which  is  lost  in  weight  by  the 
former,  is  compensated  for  by  the  iron  sup- 
plied by  the  oxide  ;  in  other  words,  steel  is 
obtained  equal  to  the  weight  of  pig  iron 
used.  To  the  melted  wrought  iron  Spiegel 
is  added,  and  the  product  run  out  into  in- 
gots, which  are  treated  for  subsequent 
stages  of  manufacture  in  the  usual  way,  i.  6., 
hammered,  and  then  rolled  into  rails,  etc. 
The  fuel  consumed,  I  am  informed,  does  not 
exceed  that  employed  for  driving  the  ma- 
chinery, melting  the  pig,  and  keeping  the 
converters  hot  in  the  Bessemer  process. 

Admirably  as  the  blast  furnace  performs 
its  work,  in  respect  to  avoiding  unnecessary 
waste  of  fuel,  keeping  in  view  the  nature  of 
the  operation,  and  admirably  as  it  dis- 
charges the  duty,  economically  speaking,  of 
separating  the  earthy  impurities  of  the  ore 
from  the  metal,  there  are  doubtless  certain 
disadvantages  connected  with  the  present 
mode  of  smelting  iron.  If  an  atmosphere 
of  gas  of  a  highly  reducing  nature  has  to  be 
maintained  in  the  interior  of  the  blast  fur- 
nace, and  I  am  correct  in  supposing  that 
this  is  only  to  be  commanded  by  permitting 
about  two-thirds  of  the  carbon  burnt  to  escape 
as  carbonic  oxide,  we  are  compelled  to  sub- 
mit to  a  sacrifice  of  47  per  cent,  of  the  cal- 
orific power  of  the  fuel  actually  consumed 
at  the  tuyeres.  Again,  the  temperature 
which  is  produced  near  the  hearth  when  the 
pig  iron  and  slag  are  liquefied,  is  so  intense 
that  silica  and  the  earthy  phosphates  are 
deoxidized,  and  the  resulting  silicon  and 
phosphorus,  along  with  sulphur  and  occa- 
sionally other  ingredients,  are  incorporated 
with  and  injure  the  metal.  The  presence 
of  these  substances  in  the  pig  can  of  course 
be  avoided  by  using  materials  free  from 
them,  but  in  the  product  of  the  blast  fur- 
nace there  is  one  inevitable  ingredient,  viz., 
carbon.  This  element  is  dissolved  in  the 
iron  at  the  high  heat  which  prevails  near 
the  tuyeres,  and  when  wrought  iron  has  to 
be  obtained  it  has  to  be  got  rid  of  by  the 
laborious  operation  at  the  puddling  furnace. 
As  is  well  known,  the  mere  reduction  of  the 
iron  oxide  requires  no  very  extraordinary 
elevation  of  temperature. 

To  avoid  the  evil  consequences  which  ap- 
pear inseparable  from  the  process  of  smelt- 
ing as  at  present  conducted,  Mr.  Siemens 
has  lately  described  a  method  of  obtaining 
wrought  iron  direct,   by  exposing  the   ore 
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with  coal  in  a  revolving  furnace  heated  by 
his  regenerative  system.  The  heat  is  kept 
at  such  a  point  that  neither  carbon,  phos- 
phorus, silicon,  nor  other  impurities,  he  al- 
leges, are  to  be  detected  in  the  iron  obtain- 
ed. The  difficulties  to  be  apprehended  in 
this  system  are  that,  in  burning  the  fuel  so 
as  to  command  an  approach  to  its  full  calo- 
rific effect,  there  may  be  re-oxidation  of  the 
reduced  iron  by  carbonic  acid,  at  even  the 
lower  temperature  to  which  it  is  exposed. 
Secondly,  there  is  the  inconvenience,  if 
poorer  ores  ft  re  used,  of  dealing  in  a  com- 
paratively small  piece  of  apparatus  with  a 
large  quantity  of  slag,  which  is  apt  to  dis- 
solve any  unreduced  oxide.  It  is  not  my 
intention,  however,  to  anticipate  the  discus- 
sion which  will  arise  on  the  paper  on  the 
subject,  which  Mr.  Siemens  has  kindly 
promised  to  read  at  the  meeting.  It  may 
appear  incredible  that  a  principle,  which 
was  extinguished  by  the  blast  furnace, 
when  the  latter  was  a  very  puny  instrument 
comparatively,  should  be  raised  from  the 
dead  as  it  were,  and  inflict  a  mortal  blow  on 
the  reputation  of  an  antagonist,  which,  in 
the  meantime,  has  made  such  immense 
strides  in  general  efficiency.  Let  it  not, 
however,  be  taken  for  granted  that  there  is 
necessarily  any  sound  argument  in  such 
premises,  because  experience  constantly 
teaches  us  that  far  less  variations  than 
those  which  obtain  between  the  Catalan 
furnace  and  Mr.  Siemens's  proposal  may 
make  all  the  difference  between  success  and 
failure. 

Mr.  Siemens  attaches  much  importance 
to  this  method  of  procuring  malleable  iron, 
obtained,  he  expects,  at  less  cost  than  pig  ; 
because,  by  means  of  it,  steel  can  be  made 
with  a  less  quantity  of  the  dearer  pig  iron 
than  when  the  carbon,  etc.,  of  the  latter  is 
removed  by  iron  ore. 

Before  leaving  the  question  of  steel,  I 
would  again  call  attention  to  a  subject 
"mentioned  by  the  Duke  of  Devonshire  in 
his  address,  viz.:  the  Whitworth  plan  of  re- 
moving air  cells  from  fluid  steel  by  means 
of  extreme  compression,  estimated  at  20 
tons  on  the  sq.  in.  Sir  Joseph  Whitworth 
has  favored  me  with  a  perusal  of  a  work  in 
course  of  publication,  in  which  are  given 
highly  instructive  photographic  views  of 
sections  of  steel  ingots,  cooled  both  under 
and  without  pressure.  Steel  so  compressed 
has  been  found,  without  further  treatment, 
to  bear  fully  double  the  tensile  strain  of 
the  best  iron  made  in  this  country. 


Soon  after  Mr.  Bessemer's  first  experi- 
ments, it  was  found  that  certain  qualities  of 
pig  iron  were  utterly  unfit  for  his  process, 
and  in  this  way  scientific  inquiries  became 
inevitable  in  order  to  discover  the  cause. 
The  chief  source  of  trouble  was  traced  to 
the  presence  of  phosphorus,  and  next  fol- 
lowed sulphur.  It  was  then  proved  that  if 
the  former  exceeded  .06  or  .07  per  cent, 
the  iron  containing  it  had  to  be  condemned 
and  rejected.  We  all  know  that  when  any 
epidemic  disease  breaks  out,  many  specifics 
against  its  attack  are  recommended  to  the 
public  upon  unimpeachable  authority.  So 
it  was,  and  so  indeed  it  is  with  phosphorus. 
No  sooner  was  its  influence  for  evil  decided, 
than  innumerable  cures  were  offered,  and 
high  praise  awarded  to  many  of  the  plans 
for  ridding  iron  more  completely  of  this 
enemy,  than  could  be  effected  in  the  pud- 
dling furnace.  It  is,  I  fear,  to  be  lament- 
ed, that  little,  if  any,  marked  progress  has 
been  made  as  yet  in  this  direction.  Many  of 
the  processes  must  have  been  the  result  of 
guess  work,  which  only  required  to  be  heard 
to  be  dismissed  from  serious  consideration. 
In  the  meantime,  we  must  hope  that  as  our 
knowledge  of  the  chemical  relations  be- 
tween iron  and  other  substances  advances, 
this  great  problem  may  be  satisfactorily 
solved.  This,  however,  is  not  likely  to  be 
accomplished  by  mere  speculation,  but  will 
require  at  our  hands  long  and  patient 
study. 

The  rules  of  the  Iron  and  Steel  Institute 
forbid  all  discussion  having  for  its  object 
the  regulation  of  the  price  of  labor.  If  I 
now  venture  to  allude  to  the  subject,  it  is 
with  no  intention  of  transgressing  our  laws, 
but  because,  connected  with  it,  there  are 
certain  social  questions  which  are  pressing 
themselves  upon  the  attention  of  manufac- 
turers as  well  as  upon  that  of  statesmen 
and  others.  In  an  article  like  a  railway 
bar,  it  will  be  found  that,  within  5s.  a  ton 
payable  to  the  owner  of  the  minerals,  the 
cost  is  almost  exclusively  the  product  of 
wages.  Under  these  circumstances  the 
labor  question  is  one  which,  whether  we 
will  or  not,  forces  itself  upon  us,  and,  in  the 
event  of  our  being  disadvantageously  placed 
in  respect  to  it,  our  only  hope  is  in  the 
comparative  advantages  we  enjoy  in  the 
abundance  of  our  raw  materials. 

Although,  as  I  will  endeavor  to  prove, 
our  position  at  the  present  moment  is  far 
from  being  a  favorable  one  in  respect  to 
the  cost  of  labor,  it  is  not  now  that  we  have, 


ADDRESS   OF   I.   LOWTHIAN   BELL. 


45 


as  a  whole,  to  apprehend  any  danger.  The 
unusually  high  prices  of  coal  and  iron  have 
enabled  us  to  agree  to  demands  from  our 
men  which  hitherto  have  only  amounted  to 
a  reduction  of  the  profits  of  the  capitalist. 
Practically,  however,  it  may  be  assumed 
that  the  manufacturer,  working  his  own 
coal  and  ironstone,  cannot  to-day  sell  rail- 
way bars  with  any  advantage  at  less  than 
50  per  cent,  above  theaverage  price  of  the 
last  half-dozen  years. 

Regarded  as  an  entirety,  the  iron  trade 
of  this  country  is  in  an  unusually  elevated 
position ;  but  there  are  certain  facts  con- 
nected with  it  which  seem,  even  now,  to 
demand  serious  reflection.  The  effect  of 
the  great  increase  in  the  value  of  labor, 
and  the  demands  maintained  by  foreign 
countries  for  the  mere  raw  materials  of 
coal  and  pig  iron,  are  already  making 
themselves  felt.  Our  malleable  ironworks, 
involving  a  much. larger  amount  of  human 
manipulation  than  either  mining  or  the 
manufacture  of  pig  iron,  can  no  longer.be 
said  to  participate  in  the  general  prosperity, 
in  proof  of  which  300  puddling  furnaces, 
it  is  said,  have  been  recently  laid  idle  in 
the  North  of  England. 

This  rise,  in  some  instances,  is  due  to  a 
simple  increase  in  the  rates  paid  in  the 
various  departments  without  any  reduction 
in  the  hours  of  labor.  In  others,  along  ! 
with  a  large  augmentation  in  the  prices  j 
paid,  the  workman  has  reduced  his  hours 
of  attendance,  and  by  so  much  has  reduced 
the  productive  po^er  of  the  country.  It  is 
impossible  for  any  section  of  industry  to 
carry  on  its  business  regardless  of  the 
health  of  the  operatives  engaged  in  its 
prosecution,  and  no  one  can  regret  a 
change  should  the  result  be  an  improve- 
ment in  the  physical  condition  of  the  work- 
men. If  a  partial  shortening  of  the  hours 
of  work  is  followed  by  any  substantial 
benefit  to  the  laboring  classes,  we  must 
prepare  ourselves  for  its  general  adoption, 
and,  no  doubt,  the  example  set  by  this 
country  will  in  time  be  followed  by  the 
rest  of  the  world.  In  the  meantime,  both 
masters  and  men,  in  their  respective 
spheres,  must  take  care  that  we  do  not  fall 
behind  in  the  race  with  other  nations, 
whose  competition  we  have  to  meet  in  the 
markets  of  the  world.  In  one  form,  it  is 
true,  foreign  countries  may  be  said  to  have 
preceded  us  in  this  matter,  for  although 
the  actual  hours  of  attendance  are  longer 
than  our  own,  the  amount  of  physical  ex- 


ertion is  occasionally  less  by  reason  of  more 
men  being  engaged  in  the  duties  to  be 
performed. 

During  a  journey  undertaken  about  five 
years  ago,  with  Mr.  John  Lancaster, 
through  a  great  number  of  mines  and  iron- 
works in  France,  Belgium,  and  Prussia,  we 
came  to  the  following  conclusions.  In 
many  instances  the  ironmasters  on  this  side 
of  the  water  were  paying  at  that  time 
nearly  double  the  wages  given  abroad  for 
similar  work.  Notwithstanding  this — 
owing  to  the  magnitude  of  our  ironworks, 
to  the  superiority  of  our  arrangements  for 
economizing  labor,  and  to  the  greater 
amount  of  work  done  by  individuals — the 
nett  disadvantage  was  reduced  to  a  differ- 
ence in  favor  of  the  foreign  makers  of 
about  25  per  cent.  The  extent  of  this 
drawback,  however,  has  been  greatly  mag- 
nified by  the  recent  alterations  in  the  scale 
of  wages  paid  in  this  kingdom ;  for  while 
ours  will  probably  average  50  per  cent,  on 
the  old  rates,  theirs  do  not  exceed  10  to  20 
per  cent.,  so  that  in  point  of  relative  posi- 
tion, labor  costing  on  the  Continent  20s., 
will  here  amount  to  30s.  or  35s.  Smce  the 
Visit  made  in  company  with  Mr.  Lancaster, 
I  have  examined  ironworks  in  Austria, 
Norway,  S\veden,  Italy,  and  Spain,  and,  to 
the  best  of  my  belief,  their  general  condition 
in  respect  to  labor  resembled  that  already  de- 
scribed. Hence,  so  far  as  I  know,  they  are 
now  not  less  favorably  situated  in  compari- 
son with  Great  Britain,  than  the  other  dis- 
tricts seen  upon  the  former  occasion.  In 
by  far  the  greater  number  of  European 
States,  according  to  our  present  informa- 
tion, there  is  a  limit  to  any  rapid  increase 
in  the  production  of  iron.  Of  ore,  in  some 
of  them  at  least,  there  is  an  ample  supply. 
Near  Bilbao  are  mountains  partly  com- 
posed of  brown  hematite,  and  the  valley  of 
the  Moselle  has  a  deposit  of  oolitic  iron- 
stone, richer  and  more  cheaply  wrought 
than  that  of  Cleveland.  The  impediment 
which  stands  in  the  way  of  any  great  ex- 
tension of  the  Continental  iron  trade  is  — 
coal,  for  if  all  the  produce  of  the  remainder 
of  Europe  for  the  last  year  were  added 
together,  it  would  scarely  exceed  the  half 
of  that  raised  in  the  United  Kingdom.  So 
far  as  the  actual  cost  of  extraction  is  con- 
cerned, I  make  no  doubt  that  at  the  present 
day  in  France,  Prussia,  and  Belgium,  coal, 
on  an  average,  can  be  as  cheaply  delivered 
at  the  pit's  mouth  as  it  is  in  this  country. 
The  united  output,  however,  of  the  mines 
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of  France  and  Belgium,  would  not  suffice 
to  keep  our  ironworks  in  activity,  while 
that  of  Prussia  would,  after  performing 
this  duty,  leave  but  little  to  spare.  Com- 
peting, of  course,  for  this  necessity  of  all 
manufactures  are  many  other  sources  of 
consumption,  which  have  probably  tended 
to  keep  down  the  total  production  of  pig 
iron  by  our  neighbors  to  about  one-half 
that  of  our  own. 

If,  then,  we  have  to  apprehend  the  ad- 
vent of  a  powerful  rival  in  the  iron  trade,  it 
is  not,  unless  new  coal  discoveries  are  made, 
the  old  world  of  Europe  we  have  to  fear, 
but  the  immense  and  undoubted  powers 
possessed  by  the  Western  hemisphere.  In 
ores  of  the  finest  descriptions,  the  resources 
of  the  United  States  are  unlimited,  while  in 
coal  our  own  wealth  is,  in  comparison,  but 
poverty.  In  many  cases,  the  relative  geo- 
graphical situation  of  these  minerals  is  not 
unfavorable ;  in  short,  there  is  apparently 
but  one  bar  to  a  boundless  production  of 
iron  in  the  New  World — that  of  human 
hands  to  manufacture  it.  The  stream  of 
emigrants,  however,  constantly  flowing 
from  this  side  of  the  Atlantic,  would  seem 
to  enable  our  friends  on  the  other  to  ad- 
vance at  a  rate  unknown  even  in  this 
country  ;  for  according  to  the  "  Statistical 
Report  of  the  National  Association  of  Iron 
Manufacturers  "  of  the  United  States,  no 
less  than  107  furnaces  were  erected  there 
in  1872,  which  is  equal  to  an  increase  of  18 
per  cent,  of  those  in  blast  in  1870.  In  the 
matter  of  skill,  everyone  who  has  had  the 
opportunity  of  inspecting  the  American 
ironworks  concurs  in  reporting  that  their 
development  is  quite  in  keeping  with  the 
advantages  Nature  has  conferred  upon  that 
highly-favored  country. 

Intimately  associated  with  the  cost  of 
labor  is  the  question  of  its  substitution  by 
mechanical  means,  and  in  the  hope  of  re- 
ducing the  expense  and  increasing  the  out- 
put of  coal,  the  employment  of  machines 
for  hewing  has,  of  late,  received  great  at- 
tention. Here,  as  well  as  in  working  iron- 
stone in  such  beds  as  those  of  North  York- 
shire, we  may  hope  to  see  human  labor 
partly  superseded  by  the  use  of  machinery, 
but  it  is  problematical  whether  the  cost  of 
either  can  be  reduced  thereby  to  the  extent 
of  6d.  per  ton  at  the  present  rate  of  miners' 
wages.  At  the  blast  furnaces  it  is  difficult 
to  see  how  the  use  of  steam  power  can 
with  advantage  be  more  extensively  intro- 
duced than  it  is  at  the  present  moment. 


It  cannot  be  otherwise  than  gratifying 
to  any  one  interested  in  the  iron  trade  of 
this  country  to  witness  the  immense  advance 
which  has  been  effected  in  the  power  and 
excellence  of  the  machinery  in  our  forges 
and  mills.  In  the  forge  we  have  the  old 
imperfect  helve  and  squeezer  giving  place 
to  the  ponderous  hammer  of  Nasmyth, 
thundering  down  its  blows  on  an  anvil 
grasped  by  a  block  weighing  sometimes  a 
couple  of  hundred  tons.  In  the  mill  we 
have  the  rolls  and  their  accompaniments  so 
admirably  contrived  that  the  production  of 
a  plate  of  15  tons  is  an  object  of  almost  less 
difficulty  than  was  one  of  5  cwt.  in  the  re- 
collection of  many  whom  I  have  the  honor 
of  addressing. 

In  the  malleable  iron  department,  how- 
ever, the  subject  which  commands  most 
attention  at  the  present  moment  is  the 
hope  we  all  entertain  of  seeing  the  ardu- 
ous operation  of  puddling  by  hand  super- 
seded by  the  aid  of  machinery.  The 
efforts  of  Mr.  Menelaus  at  Dowlais,  as  you 
all  know,  have  been  continued  in  America, 
where  labor  is  even  more  costly  than  it  is 
with  us,  and  one  modification  of  his  ideas 
has  been  adopted  by  Mr.  Danks,  and  subse- 
quently another  by  Mr.  Spencer,  at  West 
Hartlepool.  The  Commission  appointed 
under  the  auspices  of  this  Institute  report- 
ed so  favorably  on  the  furnace  of  the  for- 
mer gentleman  that  several  have  been 
erected  in  the  neighborhood  of  Middlesbro'; 
hence,  time  alone  is  now  wanting  to  enable 
us  to  judge  with  our  own  eyes  of  the 
correctness  of  the  opinions  expressed  by 
our  Commissioners  sent  to  the  United 
States. 

I  have  now,  in  conclusion,  to  express  the 
deep  obligation  I  am  under  for  your  atten- 
tion to  various  topics,  which  it  would  be 
difficult  to  invest  with  novelty,  to  an  audi- 
ence so  conversant  as  this  assembly  with 
the  manufacture  of  iron  and  steel.  The 
moment  I  began  to  apply  my  mind  to  the 
preparation  of  an  address,  I  felt  it  was 
hopeless  to  attempt  more  than  to  embody, 
in  a  consecutive  form,  those  ideas  which 
appear  to  me  to  demand  careful  considera- 
tion at  the  present  moment.  This  I  have 
endeavored  to  do,  in  order  that  we  might 
encourage  each  other  to  persevere  in  that 
search  after  truth  which  cannot  fail  to  be 
productive  of  good  in  the  grand  and  honor- 
able division  of  human  industry,  to  which 
it  is  the  pride  and  felicity  of  the  members 
of  this  Institute  to  belong. 
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By  P.  CHAMPION  a>t>  H.  PELLET. 
From  the  "Comptes  Rendus,"  through  •' American  Chemist." 


In  his  remarkable  researches  on  com- 
pressed gun-cotton  and  nitro-glycerine, 
Professor  Abel  has  advanced  the  hypothesis 
that  the  explosion  of  detonating  compounds 
can  only  take  place  on  condition  of  exciting 
in  these  compounds  a  mechanical  action  of 
a  peculiar  kind  depending  on  their  proper- 
ties and  their  constitution.  In  accordance 
with  this  theory  the  heat  developed  by  the 
explosion  of  the  priming  cannot  be  suffi- 
cient to  produce  the  molecular  change 
necessary  tu  instantaneous  decomposition. 
Moreover,  Mr.  Abel  has  supported  this 
theory  by  a  certain  number  of  experimental 
proofs. 

It  seemed  interesting  to  us  to  go  farther 
in  this  direction  and  to  show  by  more  direct 
experiments  that  heat  and  the  impact  of 
gases  are  not  concerned  in  this  action,  ex- 
cept in  special  cases,  in  which  these  in- 
fluences themselves  occasion  a  vibratory 
movement  which  cannot  be  obtained  by 
other  means. 

FIRST    EXPERIMENT. 

We  joined  together  by  a  strip  of  paper 
two  tubes  of  strong  glass,  having  an  entire 
length  of  2A  metres  and  an  inside  diameter 
of  13  millimetres.  We  introduced  into 
each  extremity  about  .03  grammes  of  iodide 
of  nitrogen  placed  in  a  paper  boat.  The 
explosion,  occasioned  at  one  end  by  friction, 
or  by  the  aid  of  a  heated  iron  wire,  caused 
immediately  that  of  the  iodide  placed  at  the 
other  extremity.  By  increasing  gradually 
the  length  of  the  tube  we  are  able  to  cause 
the  detonation  at  a  distance  of  7  metres,  for 
the  same  weight  of  iodide  of  nitrogen. 

Mr.  Barbe,  in  his  work  on  dynamite,  de- 
scribes a  similar  experiment  made  by  him 
with  dynamite,  but  in  which  he  attributes 
the  explosion  to  the  pressure  of  the  air 
caused  by  the  expansion  of  the  gas.  It  was 
now  to  be  ascertained  if  the  impact  of  the 
air  did  not  take  part  in  that  result. 

For  this  purpose  we  placed  in  the  tube  at 
50  centimetres  from  one  of  the  extremities, 
a  little  pendulum  made  of  a  pith  ball  sus- 
pended by  a  hiament  of  silk,  and  caused 
the  most  remote  portion  of  iodide  to  deto- 
nate. The  slight  shock  given  to  the  pen- 
dulum was  the  same  as  that  which  was 
obtained  upon  blowing  into  the  tube  with 


the  mouth.  By  diminishing  the  proportion 
of  iodide  we  may  even  prevent  the  pendu- 
lum from  striking  the  upper  wall  except  at 
the  instant  when  the  explosion  occurs.  If, 
in  this  experiment,  we  chance  to  separate 
the  two  tubes  by  a  space  of  5  or  6  milli- 
metres, the  explosion  by  influence  no  longer 
manifests  itself,  except  upon  increasing 
much  the  proportion  of  the  explosive  com- 
pound. It  is  not  even  necessary  to  intro- 
duce within  the  tube  the  iodide  which  we 
make  detonate  directly.  A  drop  of  nitro- 
glycerine, a  few  centigrammes  of  fulminate 
of  mercury,  or  of  nitro-erythrite,  placed 
upon  an  anvil  before  the  opening  of  the 
tube,  and  the  explosion  of  which  we  cause 
by  a  blow,  have  the  same  effect  upon  the 
iodide. 

SECOND    EXPERIMENT. 

We  placed  the  iodide  of  nitrogen,  mois- 
tened, upon  the  strings  of  a  double  bass 
viol,  securing  it  with  a  bit  of  gold-beater's 
skin  ;  as  soon  as  the  iodide  attained  the  re- 
quisite degree  of  dryness,  we  made  the 
strings  vibrate  by  means  of  the  bow.  In  no 
case  did  the  iodide  placed  on  the  two  lowest 
toned  strings  detonate.  With  regard  to 
that  which  was  placed  on  the  string  yield- 
ing the  highest  tone  one  stroke  of  the  bow 
was  sufficient  in  most  cases  to  produce  its 
explosion. 

If  we  stretched  the  preceding  string  so 
as  to  give  si  natural,  no  effect  was  produced 
by  the  influence  of  the  vibrations ;  but, 
upon  raising  the  tone  of  any  note,  imme- 
diately the  detonation  takes  place.  We 
can  deduce  from  thence  the  inferior  limit  of 
the  number  of  necessary  vibrations.  This 
number,  according  to  our  calculations,  is 
about  60.  We  can  also,  by  bringing  into 
unison  the  two  most  distant  strings,  effect 
by  the  vibration  of  the  lower  toned  the 
explosion  of  the  iodide  placed  upon  the 
other. 

The  trial  on  the  bass  strings  requires  a 
few  precautions.  If  the  gold-beater's  skin 
has  not  been  sufficiently  stretched  in  the 
damp  state,  the  iodide,  which  by  the  drying 
is  reduced  in  bulk,  shakes  about  between 
the  membrane  and  the  string,  and  finally 
detonates  under  the  influence  of  the  shock 
produced  by  the  vibrations  of  the  string ; 
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but  in  that  case,  which  is  very  rare,  the  vi- 
brations must  be  prolonged  a  definite  time. 
It  was  not  possible  for  us  to  determine  the 
superior  limit.  The  same  experiments 
made  by  means  of  a  violin  and  an  alto,  with 
the  able  assistance  of  Mr.  Grenier,  have  al- 
ways witnessed  the  detonation  of  the  iodide 
even  on  placing  it  lowest  on  the  parts  of 
the  strings  which  bind  the  bridge  to  the 
bod}7  of  the  violin  ;  the  shriller  tone,  pro- 
vided it  has  sufficient  intensity,  always  pro- 
ducing the  detonation. 

It  is  not  necessary  here  to  consider  the 
modes  and  the  ventres ;  their  influence  is 
destroyed  by  the  amplitude  which  it  is  neces- 
sary to  give  to  the  vibrations  in  order  to 
produce  the  explosion  with  the  bass  strings. 

THIRD    EXPERIMENT. 

The  vibrations  produced  by  metallic 
plates  seem  to  act  like  those  of  stringed  in- 
struments. 

The  following  trial  was  made  with  two 
Chinese  tamtams,  one  having  a  diameter  of 
56  centimetres  and  producing  very  deep 
tones ;  the  other  having  a  diameter  of  47 
centimetres  and  giving  higher  and  metallic 
tones.  On  each  of  these  Sxe  placed  the 
iodide  of  nitrogen,  secured  by  a  membrane 
at  the  centre,  at  the  circumference,  and  at 
an  intermediate  part.  The  instrument  was 
put  into  vibration  by  means  of  a  tampon, 
similar  to  that  which  the  Chinese  use.  The 
instrument  which  gave  forth  the  deeper 
tones  had  no  influence  upon  the  iodide, 
while  the  other  produced  the  explosion 
when  the  vibrations  had  acquired  sufficient 
amplitude. 

FOURTH   EXPERIMENT. 

We  took  two  parabolic  mirrors  having  a 
diameter  of  50  centimetres  and  separated 
from  one  another  by  a  space  of  2.5  metres. 
At  one  of  the  foci  opposite  to  the  mirror,  we 
placed  a  fragment  of  paper  on  which  was 
placed  a  few  centigrammes  of  iodide  of 
nitrogen,  secured  by  a  piece  of  gold-beater's 
skin.  Between  the  two  mirrors  we  placed 
a  similar  paper  serving  for  an  indicator, 
and  at  the  other  focus  we  made  a  large 
drop  of  nitro-glycerine  detonate.  We 
effected  thus  the  explosion  of  the  iodide 
placed  in  the  focus  without  influencing  the 
indicator.  The  same  experiment  can  be 
made  with  a  very  small  quantity  of  nitro- 
glycerine, by  replacing  the  paper,  on  which 
we  arranged  the  iodide,  by  a  membrane 
stretched   over   an   opening  2   or   3    centi- 


metres square,  made  in  a  piece  of  paste- 
board. We  cover  over  the  explosive  com- 
pound with  a  bit  of  damp  gold-beater's 
skin,  which,  by  drying,  secures  fast  the 
iodide  and  prevents  the  shocks  to  which  it 
would  be  subjected  by  the  vibration  of  the 
membrane. 

We  greatly  increase  in  this  manner  the 
sensibility  of  the  apparatus ;  so  much  so, 
that  if  we  exceed  the  necessary  quantity  of 
nitro-glycerine,  the  indicator  itself  explodes. 

We  can  replace  the  nitro-glycerine  by 
fulminate  of  mercury,  or  by  a  small  charge 
of  powder  introduced  into  a  gun  and  to 
which  we  apply  the  fire  directly.  We  can 
obtain  the  same  result  with  the  iodide  of 
nitrogen  on  condition  of  making  about  1 
gramme  of  this  compound  detonate.  We 
employed  by  preference  nitro-glycerine  be- 
cause of  the  less  inconvenience  which  it 
presents.  But  in  these  experiments  it  may 
be  inferred  that  the  heat  produced  by  the 
detonation  of  the  nitro-glycerine  when  con- 
centrated at  the  other  focus  is  sufficient  to 
cause  the  explosion  of  the  iodide  of  nitro- 
gen. 

According  to  the  memoir  of  M.  Berthelot, 
1  kilogramme  of  nitro-glycerine  detonating 
in  a  confined  space  affords  19,700,000  units 
of  heat ;  while  powder,  burning  in  free  air, 
gives  only  644,000  heat  units.  The  quan- 
tity of  nitro-glycerine  necessary  to  produce 
the  detonation  of  the  iodide  of  nitrogen  un- 
der the  conditions  we  have  named,  is  .03 
gramme  and  represents  591  units  of  heat 
(admitting  that  the  detonation  by  a  shock 
corresponds  to  that  which  takes  place  in  a 
confined  space). 

The  quantity  of  powder  required  to  fur- 
nish the  same  number  of  units  of  heat  is 
0.9  gramme.  We  then  tried  to  burn  1 
gramme  of  gunpowder  at  one  of  the  foci  of 
the  mirrors.  There  was  no  result,  and  it 
was  necessary  to  use  from  8  to  10  grammes 
of  the  powder  in  order  to  produce  the  heat 
necessary  to  the  explosion  of  the  iodide  of 
nitrogen  placed  at  the  other  focus. 

We  had  to  take  care  to  ignite  the 
powder  a  little  below  the  focus  of  the  re- 
flector. Without  this  precaution  we  lost  a 
notable  quantity  of  the  heat  produced  and 
the  explosion  of  the  iodide  becomes  uncer- 
tain. We  were  also  able  to  reach  the  same 
conclusions  in  regard  to  the  influence  of 
heat  by  arranging  the  foregoing  experiment 
as  follows : 

The  two  mirrors  placed  at  the  same  dis- 
tance were  carefully  covered  over  with  soot. 
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At  one  of  the  foci  we  placed  the  iodide  of 
nitrogen,  and  at  the  other  10  grammes  of 
powder,  which  we  ignited  directly.  There 
was  no  result,  the  blackened  surface  ab- 
sorbing the  greater  part  of  the  heat  devel- 
oped. By  substituting  for  the  powder  .03 
gramme  of  nitro-glycerine,  the  detonation 
of  the  iodide  again  occurred  as  before,  with- 
out seeming  to  be  influenced  by  the  black- 
ened surfaces.  If,  however,  we  remove  the 
soot  and  brighten  the  mirrors,  the  same 
amount  of  powder  in  every  instance,  pro- 
duced the  explosion  of  the  iodide. 

From   the   experiments  which  we  have 


now  mentioned,  we  think  that  we  may  con- 
clude that  the  explosion  of  detonating  com- 
pounds should  be  attributed  to  a  special  vi- 
bratory movement  which  varies  according 
to  their  constitution  and  their  properties, 
and  which  may  operate  independently  of 
heat  and  the  impact  of  the  gases  produced 
by  the  explosion  of  the  priming. 

We  are  indebted  to  the  kind  suggestions 
of  M.  Guilemin  for  having  selected,  out  of 
the  extensive  class  of  explosive  compounds, 
iodide  of  nitrogen,  which,  by  its  sensibility, 
is  so  well  adapted  for  these  delicate  experi- 
ments. 


TOESIONAL   KESISTANCE    OF    MATEEIALS    DETEKMINED    BY  A 
NEW  APPAEA1US  WITH  AUTOMATIC  EEGISTKY. 


By  Prof.  R  H.  THURSTON. 


From  "Journal  Franklin  Institute." 


While  the  classes  of  the  Stevens  Insti- 
tute of  Technology  were  recently  engaged 
in  their  revision  of  coefficients,  as  given  by 
various  authorities  on  strength  of  materials, 
the  difficulty  of  determining  how  far  the 
differences  noted  were  due  to  errors  of  ob- 
servation, and  how  far  to  variation  in  the 
quality  of  the  materials  used,  suggested  to 
the  writer  the  advisability  of  obtaining  an 
apparatus  which  should  make  its  own  record. 
This  could  readily  be  done  by  so  construct- 
ing it  that  a  curve  might  be  automatically 
registered  at  each  test,  which  should  rep- 
resent all  circumstances  of  the  experiment. 

Such  an  automatic  registry  would  evidently 
yield  more  reliable  and  instructive  informa- 
tion in  regard  to  the  circumstances  of  dis- 
tortion and  fracture  than  could  any  system 
of  personal  observation. 

Representing  the  magnitude  of  the  distort- 
ing stress  at  every  instant,  and  under  every 
degree  of  distortion  of  the  material,  up  to 
the  limit  of  elasticity  or  even  to  the  point  of 
rupture,  and  exhibiting  also  the  correspond- 
ing alteration  of  form  at  every  point,  the 
pencilled  curve  would  be  a  record  from 
which  might  be  deduced  the  coefficients  of 
elasticity,  strength  and  resilience,  as  well 
as  the  laws  governing  the  relations  of  the 
distorting  forces  to  the  resistance  of  the 
material. 

A  simple  but  effective  machine  was  there- 
fore designed  and  constructed,  which  accom- 
plishes satisfactorily  the  desired  result,  and 
this  machine,  as  planned  by  the  writer  and 
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constructed  by  Messrs.  Hawkins  &  Wales, 
instrument  makers  to  the  Institute,  is  shown 
in  Fig.  I. 

As  here  arranged,  it  is  intended  for  ex- 
periments on  the  torsion  of  materials.     Its 


modifications,  for  the  purpose  of  experi- 
menting upon  transverse  strength,  will  be 
described  in  a  subsequent  paper,  in  which 
will  be  given  the  results  of  that  series  of  ex- 
periments. 
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In  the  figure,  the  frame,  A  A,  A'  A',  sup- 
ports two  suspended  arms,  C  E,  B  D,  which 
swing  about  independent  axes  in  the  same 
line.  The  arm  B  carries  at  its  extremity 
a  weight,  D,  and  the  arm  C  has  a  handle, 
E,  by  which  it  is  moved.  The  axes  of  these 
arms  are  designed  as  shown  in  Fig.  2,  each 

Fig.2 


having  a  rectangular  recess  at  L  and  at  M, 
which  receive  each  an  end  of  the  test  piece, 
which  is  squared  to  fit  as  shown  in  Figs. 
3  and  4. 

The  frame,  A'  A',  carries  a  guide  curve, 
F,  of  such  form  that  its  ordinates  are  pro- 
portional to  the  twisting  moments  exerted 
by  the  weighted  arm,  B  D,  while  swinging 

Fig.  3 


through  the  arc  to  which  the  corresponding 
abscissas  are  proportional.  A  pencil  holder, 
I,  bears  against  this  guide  curve,  and,  be- 
ing carried  by  the  weighted  arm,  is  thrown 
forward,  as  that  arm  swings  out  under  the 
action  of  the  force  producing  torsion,  which 
force  is  transmitted  through  the  test  piece. 

Fig.  4 


The  arm,  C  E,  carries  a  table,  G,  and  the 
pencil,  I,  therefore,  traces  upon  the  paper, 
which  is  clnniped  upon  it,  a  curve,  the  ordi- 
nates of  which  are  proportional  to  the  tor- 
sional moments,  while  its  abscissas  repre- 
sent the  relative  motion  of  the  two  arms, 
and,  consequently,  the  amount  of  torsion  to 
which  the  test  piece  has  been  subjected. 

The  curves  thus  described,  of  which  the 
accompanying  plate  exhibits  a  number, 
present  in  a  very  legible  and  convenient,  as 
well  as  reliable,  form,  all  the  results  of 
the  experiments,  of  which  they  are  the  re- 
spective records. 


The  pointer,  J,  traversing  the  arc,  K  K, 
is  arranged  as  a  maximum  hand,  and  af- 
fords a  useful  check  upon  the  automatic 
record  of  maximum  strength. 

The  plate  represents  the  results  of  average 
experiments  made  upon  a  considerable 
number  of  varieties  of  wood,  the  test  pieces 
of  the  form  shown  in  Fig.  3  being  used. 
The  diameter  of  the  neck  of  each  piece  was 
seven-eighths  (-£)  of  an  inch. 

This  diameter  happened  to  be  that  best 
adapted  to  use  in  this  machine.  A  larger 
size  was  found,  frequently,  to  yield  by  the 
destruction  of  lateral  cohesion,  the  square 
head  peeling,  leaving  a  prolongation  of  the 
cylindrical  portion,  instead  of  twisting  off  in 
the  neck.  The  size  is  convenient,  also,  in 
consequence  of  the  fact  that  the  coefficient 
of  ultimate  strength  for  the  standard  diam- 
eter of  one  inch  is  obtained,  with  a  close 
approximation  to  exactness,  by  simply  mul- 
tiplying the  twisting  moment  for  each  piece 
by  1.5. 

These  curves  exhibit  the  relative  stiffness, 
strength  and  resilience  of  the  woods  tested 
very  perfectly.  The  inclination  of  the 
straight  line,  forming  the  first  portion  of 
each  diagram,  from  the  vertical  is  a  meas- 
ure of  stiffness  ;  the  height  of  the  maximum 
ordinate  indicates  the  ultimate  strength ; 
the  .point  at  which  deviation  from  this 
straight  line  commences,  determines  the 
limit  of  elasticity,  and  the  area  included 
within  each  diagram  is  proportional  to  the 
torsional  resilience  of  the  test  piece. 

The  fact  that  the  commencement  is,  in 
each  case,  almost  a  perfectly  straight  line,  is 
well  exhibited  in  the  curve,  a  a  a,  of  locust, 
where  the  horizontal  scale  is  purposely 
magnified,  justifies  the  usual  assumption 
that,  up  to  the  limit  of  elasticity,  Hooke's 
law  is  correct,  and  that  the  angle  of  tor- 
sion is  proportional  to  the  twisting  moment. 

The  short  curve  of  small  radius,  noticed 
at  the  foot  of  the  straight  portion  of  each 
line,  is  produced  by  the  slight  yielding  of 
the  test  piece  by  crushing,  where  it  is 
grasped  by  the  machine,  which  yielding 
continues  until  a  firm  hold  has  been  secured. 

It  will  be  observed  that,  in  most  cases, 
the  torsional  resistance  increases  with  the 
total  angle  of  torsion  up  to  a  maximum, 
then,  passing  the  limit  of  elasticity,  it  drops 
off  more  or  less  rapidly,  returning  finally  to 
zero.  In  the  brittle  woods,  the  fall  takes 
place  suddenly,  while,  in  the  tougher  and 
more  elastic  varieties,  the  resistance  de- 
creases  very  slowly,  in   some  cases  vanish- 
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ing  only  after  the  test  piece  has  been  twist- 
ed through  a  very  large  angle. 

In  the  case  of  black  walnut,  6,  6,  6  ;  locust, 
11,  11,  11,  and,  in  a  still  more  remarkable 
manner  in  that  of  hickory",  10,  10,  10,  a 
striking  peculiarity  is  exhibited,  which  is 
one  of  the  most  interesting  and  unantici- 
pated developments  of  this  series  of  experi- 
ments. In  these  curves  the  resistance  in- 
creases witn  the  amount  of  torsion,  until  a 
maximum  is  reached  ;  the  line  then  drops 
to  a  point  considerably  below,  and  thence 
again  rises  and  passes  another  maximum, 
Avhich  in  the  case  of  hickory,  is  oaly  reached 
after  a  torsion  of  75  deg.  The  resisting 
moment  there  becomes  considerably  greater 
than  at  the  limit  of  elasticity. 

This  striking  peculiarity  was  shown,  by 
carefully  repeated  experiment,  to  be  due  to 
the  fact  that,  in  those  woods  in  which  it  was 
noticed,  the  lateral  cohesion  seemed  much 
less  in  proportion  to  the  longitudinal 
strength  than  in  other  varieties.  Watching 
the  process  of  yielding  under  stress,  it 
could  be  seen,  by  close  observation,  that,  in 
the  examples  now  .referred  to,  the  first 
maximum  was  passed  at  the  instant  when, 
the  lateral  cohesion  of  the  fibres  being  over- 
come, they  slipped  upon  each  other,  and 
the  bundle  of,  then,  loose  fibres  readily 
yielding,  the  curve  dropped  until,  by  lateral 
crowding,  further  movement  was  checked, 
and  the  resistance  again  rose  until  the  sec- 
ond maximum  was  reached.  Here  yielding 
again  commenced,  this  time  by  the  break- 
ing of  the  fibres  under  longitudinal  stress, 
— under  that  component  of  torsional  stress 
which  takes  a  direction  parallel  with  that 
of  the  fibres  in  their  new  positions.  In 
these  cases  rupture  seems  never  to  occur 
by  true  shearing  in  the  transverse  plane. 
The  fibres  part,  one  after  another,  the 
exterior  ones  breaking  first,  under  a  tensile 
stress. 

The  following  varieties  of  wood  have  been 
subjected  to  torsional  fracture,  and  the 
curves  obtained  are  shown  in  the  plate 
which  illustrates  this  article  : 

1.  White  pine   p  uus  shrdbus). 

2.  S.  yellow  piue  (pirns  a  istralis)  sap  wood. 

3.  "  "  "  "      heart  wood. 

4.  Black  spruce  {abies  n  gra). 

5.  Ash  \Jraxinua  Americana). 

6.  Black  walnut  {juglans  nigra). 

7.  Bed  cedar  [janiperis  Virginianv.s). 

8.  Spanish  mahogany  (Swidenia  muhogani). 

9.  White  oak  [quereus  aJ.ba). 

10.  Hickory  (jugans  alba). 

11.  Locust  f  Rnbini  i  pseudo-acacia). 

12.  Chestnut  \castxn6j.  esca). 


The  curve  ~,  the  facsimiles  of  which  are 
given  in  the  plate,  exhibit  well  the  relative 
values  of  the  materials  tested  for  the  vari- 
ous purposes  for  which  they  may  be  ap- 
plied. 

White  pine,  1,  1,  1,  yields  quite  rapidly 
as  the  torsional  moment  increases,  and  the 
considerable  inclination  of  the  line  from  the 
vertical  indicates  its  deficiency  in  stiffness. 
I  It  soon  reaches  the  limit  of  elasticity,  and 
the  diagram  exhibits  the  maximum  strength 
of  the  test  piece,  15|  foot-pounds.  Passing 
the  limit  of  elasticity  and  the  maximum, 
moment  of  resistance  almost  simultaneously, 
its  resisting  power  decreases  rapidly,  and 
with  tolerable  uniformity,  until,  at  "  a 
total  angle  of  torsion  "  of  130  deg.,  it  is 
twisted  completely  off.  The  area  com- 
prised within  the  curve  is  comparatively 
|  small,  and  it  is  thus  shown  to  have  little 
resilience. 

Yellow  pine,  in   accordance  with  our  al- 
ready well  established  ideas  of  its  proper- 
ties,   is    found    by  an    examination    of  its 
curve,  2,  2,  2,  3,  3,  3,  to  have  much  greater 
:  stiffness,  strength  and  resilience.     The  sap 
i  wood,  2,  2,   2,   is   equally  stiff,  in  the  ex- 
:  amples  tested,  with  the  heart  wood, 3,  3,  3,  3, 
|  but  sooner  passes  its  limit  of  elasticity,  the 
j  former  circumstance  being    quite    opposed 
i  to    the   preconceived   ideas    of  the  writer. 
Xot withstanding  the  comparatively  low  po- 
;  sition  occupied  by  the  pines  in  our  list,  they 
are  excellent  materials,  the  yellow  varieties 
particularly,    for    general    purposes.      Our 
i  comparison    is    made   with    specimens    of 
equal  size,  and  the  important  fact  of  the 
exceptional  lightness  of  these  woods  is   no- 
where brought  to  our  notice  by  these  tests. 

Spruce,  4,  4,  4,  4,  is  less  stiff  than  white 

pine,  even,  but  possesses  greater  strength 

and    resilience,    its    moment    of   resistance 

j  reaching     18     foot-pounds      and     twisting 

i  through  a  total  angle  of  torsion  of  200  deg. 

Ash,  5,  5,  5,  5,  seems  to  be  weaker  and  less 

'  tough  than  is  generally  supposed ;  it  is  pos- 

,  sible  that  the   specimens   tested  were  over 

<  seasoned.     Its   most  striking  peculiarity  is 

|  its  very  rapid  loss  of  strength  after  passing 

its  limit  of  elasticity. 

Black  walnut,  6,  6,  6,  6,  of  the  excellent 
quality  and  good  condition,  as  regards 
seasoning,  of  the  samples  tried,  is  very  stiff, 
strong  and  resilient,  and  is  but  little  infe- 
rior to  oak.  Its  resisting  moment  reaches 
35  foot-pounds,  and  one  specimen  reaches  a 
total  angle  of  torsion  of  220  deg. 

Eed  cedar,  7,  7.  7, 7, is  stiff,  but  brittle,  and 
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loses  all  power  of  resistance  after  twisting 
through  an  angle  of  92  deg.     A  torsional  | 
moment  of  20  foot-pounds  only  produces  a 
total  angle  of  torsion  of  5  deg. 

Spanish  mahogany,  8,  8,  8,  8,  is  very  stiff 
and  strong.  It  is  deficient  in  toughness  and 
resilience,  losing  its  power  of  resistance 
very  rapidly  after  passing  the  limit  of  elas- 
ticity. 

White  oak,  9,  9,  9,  9,  has  less  torsional 
strength  than  either  good  mahogany,  locust 
or  hickory,  but  is  remarkable  for  its  won- 
derful toughness.  It  passes  its  limit  of 
elasticity  at  15  deg.,  but  loses  its  resisting 
power  very  slowly  indeed.  We  find  the 
latter  almost  unimpaired  until  it  has  been 
subject  to  a  torsion  of  70  deg.  ;  it  only 
yielded  completely  at  253  deg. 

Millwrights  are  evidently  perfectly  cor- 
rect in  holding  this  wood  in  high  esteem 
for  strength,  toughness,  and  power  of  re- 
sisting heavy  shocks  and  strains. 

Hickory,  10, 10,10, 10,  exhibits,  initscurve, 
the  remarkable  pair  of  maxima  already  re- 
ferred to,  and  has,  apparently  the  highest 
ultimate  torsional  strength,  combined  with 
unusual  stiffness  and  considerable  resili- 
ence. Its  moment  of  resistance  to  torsion 
reaches  a  maximum  of  58  foot  pounds. 

Locust,  11,  11,  11,  11,  has  greater  stiff- 
ness than  any  other  wood  in  our  list,  and 
stands  next  to  hickory  in  strength ;  it  is, 
also  very  resilient.  Three  diagrams  are 
given,  each  of  which  possesses  its  own 
peculiarities.  One  specimen  is  only 
twisted  through  a  total  angle  of  torsion  of 
4  deg.  by  a  torsional  moment  of  48  foot- 
pounds. 

Where  more  than  one  curve  is  given  for 
the  same  wood,  it  is  a  fact  worth  noticing 
that  the  stiffness  and  ultimate  strength  are 
usually  very  nearly  equal,  and  that  the  dif- 
ference between  the  several  specimens  be- 
comes marked,  if  at  all,  in  their  degree  of 
toughness. 

In  the  formula  for  torsional  strength, 
P  a  —  C  d3,  the  curves  give  values  of  C,  as 
follows : 

1.  White  pine 25 

2.  Yellow  pine,  sap   35 

3.  "        "    heart 40 

4.  Spruce 30 

5.  Ash 43 

6.  Black  walnut 55 

7.  Red  cedar 32 

8.  Spanish  mahogany 65 

9.  Oak 53 

10.  Hickory. 85 

11.  Locust 80 

12.  Chestnut 35 


Determining  relative  stiffness  by  obtain- 
ing values  of  the  ratio  of  twisting  moment 
to  the  total  angle  of  torsion,  we  obtain  the 
following  : 

1.  White  pine 1.00 

2.  Yellow  pine,  sap 2 . 25 

3.  "         *•     heart 2.25 

4.  Spruce 0. 67 

5.  Ash 1.87 

6.  Black  wa'nut 2 . 63 

7.  Red  cedar     4.00 

8.  Spanish  mahogany  3.00 

9.  Oak   2.53 

10.  Hickory 4.15 

11.  Locust 5.50 

12.  Chestnut 1.60 

Taking  the  well  established  value  for  oak 
as  a  standard,  we  deduce  the  following 
values  for  the  coefficient  to  be  used  in  the 
formula, 

2  Pa        Total  angle  of  torsion. 

(j7r<  4       .Leiigin  of  part  twisted. 

1.  White  pine 220,000 

2.  Yellow  pine,  sap 495,000 

3.  "         "     heart 495.000 

4.  Spruce 211,000 

5.  Ash  410,000 

6.  Black  walnut 582,000 

7.  Red  cedar 890,000 

8.  Spanish  mahogany 660,000 

9.  Oak 570,000 

10.  Hickory 910,000 

U .  Locust 1,225,000 

12.  Chestnut 355,000 

Finally,  by  measuring  the  areas  of  the 
several  curves,  we  deduce  the  following 
values  for  relative  resilience,  white  pine  be- 
ing taken  as  the  standard : 

The  work  done  in  twisting  off  these 
specimens  is  found  to  have  relative  values 
as  follows  ; 

1.  White  pine 1  00 

2.  Yellow  pine,  Rap 3  01 

3.  "         u      heart 3.87 

4.  Spruce 1.50 

5.  Ash     2.25 

6.  Black  walnut 5.00  ;  3.W5 

7.  Red  cedar 161 

8.  Spanish  mahogany 2 .  25  ;  1 .  65 

9.  Oak 6.60 

10.  Hickory 6.90 

11.  Locust 7.65;  5.85;  3.20 

12.  Chestnut 2.40 

The  values  of  coefficients,  as  given,  will 
be  checked  by  additional  experiments  upon 
test  pieces  of  the  form  shown  in  Fig.  4, 
carefully  turned  to  a  diameter  of  fin.,  and 
of  a  length,  in  the  neck,  of  1  in. 

Coefficients  for  metals  will  also  be  given 
in  a  later  communication. 
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STRAINS  OF  SHIPS  IN  EXCEPTIONAL  POSITIONS  ON  SHOEE. 


From  "Naval  Science. 


In  former  articles  we  have  considered  the 
unequal  distribution  of  weight  and  support 
in  ships,  and  the  consequent  strains  in  still 
"water  and  at  sea.  Our  investigations,  laid 
before  the  Poyal  Society,  extended  to  cases 
of  ships  exceptionally  strained  when  launch- 
ed or  grounded,  and  these  we  now  proceed 
to  give. 

Although  exceptional,  these  strains  un- 
doubtedly occur  ;  and  their  effect  may  be, 
as  we  shall  show,  more  severe  than  that  of 
any  of  the  statical  strains  to  which  approxi 
mations  have  been  made.  Preceding  writers 
have  recognized  this  fact  to  some  extent,  but 
no  author  has  done  so  much  as  Sir  W. 
Fairbairn  towards  giving  quantitative  ex- 
pressions to  these  exceptional  strains. 

Bouguer,  Eomme,  and  other  early  wri- 
ters had  a  very  clear  conception  of  the 
principal  causes  of  launching-strains.  They 
call  attention  to  the  fact  that  in  all,  or 
nearly  all,  launches  the  ship's  bow  or  stern 
is  water-borne  before  the  other  end  has  left 
the  launching- ways,  and  that  this  cannot  be 
prevented  altogether  even  when  the  ways 
are  extended  further  out  into  the  water  than 
is  customary.  Some  of  them  go  so  far  as 
to  urge  the  policy  of  building  ships  in  dock 
in  order  to  avoid  these  strains,  and  support 
their  opinion  by  statements  of  the  large 
amount  of  "breakage"  that  takes  place 
when  a  ship  is  set  afloat  for  the  first  time 
from  a  slip-way.  Others  combat  this  opin- 
ion, and  show  by  actual  examples  that  ships 
built  in  dock  also  break  when  they  are 
floated,  although  the  breakage  is  not  always 
so  considerable  as  when  ships  are  launched; 
go  that  the  severity  of  the  strains  due  to 
launching  cannot  be  estimated  simply  by 
the  amount  of  breakage.  The  latter  opin- 
ion is  undoubtedly  the  correct  one  ;  and  the 
breakage  recorded  for  wood  ships  when 
launched  may  be  regarded  as  due  in  part  to 
what  is  termed  the  ships's  "  settling  "  in  her 
new  position  afloat — that  is,  to  her  reaching 
8uch*a  condition  as  to  make  her  powers  of 
resistance  balance  the  bending-moments  due 
to  the  unequal  distribution  of  the  weight 
and  buoyancy.  In  part,  however,  the 
breakage  is  undoubtedly  due  to  the  dynam- 
ical strains  connected  with  launching  ;  and 
although  we  cannot  separate  the  effects  pro- 
duced by  these  two  cmses,  we  may  very 
properly  regard  the  amount  of  the  breakage 


|  as  to  some  extent  a  measure  of  the  relation 
between  the  strength  of  the  structure  and 
the  strains  brought  upon  it.  We  will  pass 
over  the  facts  respecting  the  breakage  in  the 
older  classes  of  wood  ships,  and  confine  cur 
attention  to  modern  wood  ships.  Speaking 
of  merchant  vessels,  Mr.  Grantham  says  :* 
"  It  is  the  general  custom  with  builders  to 
leave  the  gangways  of  the  bulwarks  in 
modern  ships  unfinished,  lest  the  hull 
should  so  much  alter  in  form  by  settling 
in  launching  that  the  rails  would  not  again 
fit  their  places ;  and  no  builder  would 
willingly  copper  a  vessel  when  new,  but 
rather  allow  her  first  to  find  her  own 
position  in  the  water,  as  she  would  then 
be  less  liable  to  wrinkle  the  sheets."  In 
wood-built  ships  of  war  there  is  also  a  con- 
siderable amount  of  breakage,  as  the  follow- 
ing facts  will  show  :  Our  finest  screw  line- 
of-battle  ships,  of  which  the  length  was 
about  260  ft.,  broke,  on  the  average,  about 
2  in.,  some  ships  proving  Weaker  than  others, 
and  the  breakage  in  one  case  (that  of  the 
Gibraltar)  amounting  to  4  in.  on  a 
length  of  200  ft.  Our  finest  screw  frigates, 
which  are  300  ft.  long,  broke  from  3  to  4 
in. ;  the  Galatea,  280  ft.  long,  broke  3  in. 
Shorter  ships,  of  course,  usually  broke  less 
than  these  long  fine  ships.  Iron  ships,  we 
need  hardly  say,  display  very  little  change 
of  form  or  breakage  when  launched,  the 
character  of  the  materials  and  fastenings 
used  in  their  construction  being  so  much 
less  yielding  than  those  employed  in  wood 
ships,  that  they  resist  more  successfully 
strains  of  equal  intensity. 

The  severest  strains  connected  with  the 
launching  of  ships  are,  however,  those  which 
occasionally  result  from  partial  launches. 
The  well-known  case  of  the  early  iron  ship 
Prince  of  Wales  illustrates  this  state- 
ment. Owing  to  an  accident  to  the  launch - 
ing-gear,  she  was  left  for  some  time  with 
her  bow  resting  on  the  edge  of  a  wharf  and 
her  stern  supported  by  the  water — in  fact, 
suspended  by  the  extremities  ;  but  although 
so  severely  strained  no  break' ge  took  place. 
Another  case  in  point  is  found  in  the  wood 
line-of-battle  ship  Ceesar,  which  stopped 
on  the  launching-ways  at  Pembroke  Yard 
in   1853,  and  remained  for  seventeen  days 

*  At  page  92  of  his  work  on  "Iron  Shipbuilding." 
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with  about  64  ft.  of  the  stern  unsupported 
by  ground-ways.  The  result  was  that  the 
stern  dropped  about  2  ft.  in  a  length  of 
90  ft. 

A  similar  but  more  recent  case  of  stop- 
page in  launching  is  that  of  the  iron-clad 
frigate  Northumberland,  which,  in  March, 
1866,  stopped  with  about  52  ft.  of  the  after 
part  unsupported,  and  remained  in  that  po- 
sition for  thirty  day's.  The  weight  of  the  un- 
supported part  may  be  roughly  estimated  at 
440  tons,  and  the  moment  of  this  weight 
about  the  aftermost  point  of  support  at  11,- 
700  foot- tons.  At  the  corresponding  sta- 
tion in  the  Minotaur,  when  afloat  in  still 
water,  the  bending  moment  is  about  9,200 
foot-tons,  and  when  supported  on  the  crest 
of  a  wave  of  her  own  length,  the  bending 
moment  is  about  12,000  foot- tons.  Now 
the  Northumberland,  although  a  sister 
ship  to  the  Minotaur,  has  had  her  dispo- 
sition of  armor  altered  to  the  central-bat- 
tery-and  belt  system,  and  by  this  means 
rather  more  than  100  tons  weight  of  armor 
and  backing  have  been  removed  on  the  52 
ft.  of  length  from  the  stern  forwards.  The 
effect  of  this  may  be  fairly  assumed  to  be  a 
reduction  of  the  still- water  bending  moments 
at  the  station  in  question  to  about  7,000  foot- 
tons,  and  of  the  bending  moments  on  the 
wave  to  10,000  foot-tons;  and  hence  it  fol- 
lows that  the  strains  resulting  from  the 
stoppage  in  launching  in  her  case  were 
slightly  severer  than  even  the  strains  cor- 
responding to  the  exceptional  position  afloat 
which  we  have  considered.  It  is  proper  to 
add,  however,  that  thpy  were  purely  statical 
strains  and  acted  only  in  one  direction, 
whereas  the  strains  of  waves  are,  as  we 
have  seen,  constantly  changing  in  charac- 
ter and  intensity,  and  are  therefore  very 
much  more  trying  to  the  structure.  The 
result  of  careful  observations  showed,  how- 
ever, that  there  was  scarcely  any  change  of 
form  in  this  iron- built  ship,  the  maximum 
amount  of  breakage  being  T7¥  in.  only  in  a 
length  of  342  ft.,  and  this  becoming  reduced 
t©  T\  in.  when  the  ship  was  floated. 

The  very  various  positions  which  ships 
occupy  when  they  ground  may  all  be  sup- 
posed to  lie  between  the  position  where  the 
only  support  is  found  at  the  middle  of  the 
length,  and  that  where  there  are  supports 
only  at  the  extremities.  Mr.  Fairbairn  h  is 
chosen  these  extreme  positions  as  those  by 
which  the  provision  of  longitudinal  strength 
in  a  ship  should  be  regulated ;  and  while 
we  cannot  entirely  agree  with  this  choice, 


on  account  of  the  fact  that  such  positions 
are  never  occupied  except  by  a  few  ships, 
and  by  them  only  in  consequence  of  acci- 
dents, we  are  prepared  to  admit  that  there 
are  cases  on  record  which  show  that  such 
positions  may  be  occupied.  Ships  have,  for 
example,  grounded  on  rocky  bottoms  and 
on  causeways,  and  have  been  left  by  the 
tide  with  their  ends  unsupported  ;  and  oth- 
ers have  grounded  in  such  a  manner  as  to 
be  supported  at  the  extremities  only.  Un- 
der these  circumstances  it  may  be  well, 
therefore,  to  attempt  an  approximation  to 
the  limiting  values  of  the  strains  incidental 
to  the  extreme  positions  of  support  ashore, 
and  to  compare  them  with  the  statical 
strains  which  have  been  calculated  for  ships 
at  sea. 

The  most  severe  strains  to  which  a  ship 
aground  can  be  subjected  are  those  inciden- 
tal to  support  at  the  bow  and  stern  only. 
In  this  position  the  heavy-weighted  amid- 
ship  portion,  of  course,  tends  .to  make  the 
ship  sag ;  and,  as  it  is  a  very  simple  me- 
chanical problem  to  determine  the  amounts 
of  the  upward  pressures  at  the  points  of 
support,  as  well  as  the  weights  of  the  vari- 
ous portions  of  the  ship  between  the  points 
of  support,  it  is  possible  to  calculate  the 
shearing  forces  and  the  bending  moments 
at  various  stations  by  a  method  similar  to 
that  previously  used  for  ships  afloat.  The 
graphical  method  of  representing  shearing 
forces  and  bending  moments  might  also  be 
applied  to  this  case  were  it  considered  ne- 
cessary ;  but  this  has  not  been  done,  on 
account  of  the  fact  that  we  are  principally 
interested  in  determining  an  approximate 
value  for  the  maximum  bending  strain,  and 
therefore  care  but  little  about  the  other 
values,  which  have  no  practical  importance. 
Before  giving  quantitative  examples,  taken 
from  actual  ships,  of  the  maximum  sagging 
strains  that  may  occur  in  this  position,  it 
will  be  only  proper  to  call  attention  also  to 
the  obviously  great  increase  in  the  maxi- 
mum shearing  forces  which  a  ship  then  ex- 
periences. Roughly  speaking,  we  may  say 
that  one-half  a  ship's  weight  is  taken  at  the 
bow,  and  the  other  half  at  the  stern  when 
the  middle  is  unsupported;  so  that  near 
the  points  of  support  the  shearing  force  is 
approximately  one-half  the  ship's  weight. 
In  preceding  investigations  it  has  been 
shown  that,  for  still  water,  the  shearing 
force  has  an  approximate  maximum  value 
of  -fa  part  of  the  total  weight ;  and  that  for 
support  on  a  wave  crest  the  shearing  force 
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probably  does  not  exceed  |  part  of  the  total 
weight ;  hence  the  above-mentioned  fact,  as 
to  the  increase  of  shearing  strains  in  a  ship 
ashore,  becomes  obvious. 

The  quantitative  examples,  which  have 
been  chosen  to  illustrate  the  maximum 
strains  incidental  to  suspension  by  the  ends 
only,  are  based  upon  the  three  typical  ships 
previously  considered — viz.,  the  Minotaur, 
the  Bellerophon,  and  the  Victoria  and 
Albert.  As  the  result  of  calculations 
made  for  the  Minotaur,  it  has  been  found 
that  the  centre  of  gravity  of  the  ship,  when 
fully  laden,  is  210  ft.  from  the  bow,  and 
that  when  she  rests  upon  the  extremities 
the  upward  pressure  at  the  bow  equals 
4,925  tons,  while  that  at  the  stern  equals 
4,975  tons.  These  quantities  obviously  give 
the  limiting  values  for  the  shearing  forces 
experienced  by  the  ship.  Next,  as  to  the 
maximum  bending  moment  which  will  be 
experienced  by  the  transverse  section  of  the 
ship  that  contains  her  centre  of  gravity. 
Other  calculations  have  been  made  which 
show  that  the  centres  of  gravity  of  the  two 
parts  into  which  the  ship  is  divided  by  the 
transverse  section  of  maximum  bending  mo- 
ment are  respectively  85  ft.  before  and  81 
ft.  abaft  this  section.  Hence,  starting  from 
the  fore  end,  we  have — 

Maximum  bending  moment 

=  moment  of  upward  pressure  at  the  bow, 

minus  the  moment  of  the  weight  of  the 

fore  part  of  the  ship. 
=  4.925  tons  X  210  feet  -  4,830  tons  X  85 

feet. 
=  579,300  foot-tons  (in  round  numbers) ;  or 

about 
=  displacement  in  tons  X   7th  oi  the  length 

in  feet. 

In  preceding  investigations  it  has  been 
shown  that  the  approximate  maximum 
bending  (hogging)  moments  for  this  ship 
are  for  still  water  45,000  foot-tons,  and  for 
support  on  a  wave-crest  140,300  foot- tons, 
while  in  a  wave-hollow  the  maximum 
sagging-moment  amounts  to  74,000  foot- 
tons.  These  figures  speak  for  themselves, 
and  illustrate  the  large  increase  in  the 
bending-moments  caused  by  the  exceptional 
supports.  The  increase  in  the  maximum 
shearing  force,  from  450  tons  in  still  water, 
1,365  tons  on  the  wave-crest,  and  695  tons 
in  a  wave-hollow,  to  4,975  tons  when  the 
ship  is  ashore,  is  no  less  striking. 

The  Bellerophon  furnishes  our  second 
example.  By  means  of  calculations  similar 
to   those   made   for  the    Minotaur,  it  has 


been  found  that  the  transverse  section  pass- 
ing through  the  centre  of  gravity  of  the 
whole  ship  is  about  144  ft.  from  the  bow 
and  156  ft.  from  the  stern,  and  that  the 
centres  of  gravity  of  the  parts  of  the  ship 
before  and  abaft  this  section  are  distant 
from  it  54  ft.  and  64  ft.  respectively.  The 
weights  of  these  parts  are  respectively 
3,825  tons  and  3,225  tons,  and  the  upward 
pressures  at  the  bow  and  stern  being  respec- 
tively 3,666  tons  and  3,384  tons,  we  have 

Maximum  bending  moment 

=  3-,6G6  tons  x  144  feet  -  3,825  tons  x  54 

feet. 
=  32 1 ,400  foot- tons  (in  round  numbers) ;    or 

about 
=  displacement  in  tons  X  ^th  of  the  length 

in  feet. 

It  has  been  previously  shown  that  the 
approximate  maximum  bending  (hogging) 
moments  experienced  by  this  vessel  are 
12,000  foot-tons  for  still  water,  and  43,600 
foot- tons  for  a  wave-crest,  while  the  maxi- 
mum sagging-moment  in  a  wave-hollow  is 
48,800  foot- tons.  The  shearing  forces  have 
also  been  found  to  have  the  following  ap- 
proximate maximum  values  : — In  still  water 
210  tons,  on  a  wave-crest  555  tons,  and  in 
a  wave -hollow  640  tons,  while  aground  it 
equals  3,666  tons.  The  comparative  condi- 
tions of  strain  of  the  ship  under  these 
different  circumstances  can  be  fairly  de- 
termined by  comparing  these  figures.  It 
is  also  interesting  to  remark  the  different 
manner  in  which  changes  of  the  attendant 
circumstances  affect  the  strains  of  the  two 
classes  of  iron-clads  represented  by  the 
Minotaur  and  the  Bellerophon.  The 
reader  can  trace  these  for  himself;  we 
would  simply  call  attention  to  the  fact  that, 
when  aground  and  supported  at  the  ex- 
tremities, the  maximum  bending-moments 
bear  very  nearly  the  same  proportions  to 
the  products  of  the  lengths  and  displace- 
ments, notwithstanding  the  very  different 
distribution  of  the  weight  in  the  two  ships. 
This  similarity  is  mainly  due  to  the  fact 
that  the  centres  of  gravity  of  the  for,e 
and  after  bodies  in  the  two  ships  are  very 
nearly  the  same  part  of  the  length  of  these 
bodies  distant  from  the  bow  and  stern. 
For  example,  in  the  Minotaur  the  centre 
of  gravity  of  the  fore  body  is  116  ft.  dis- 
tant from  the  bow,  and  the  fore  body  is  201 
ft.  long,  these  quantities  being  very  nearly 
in  the  ratio  of  3  to  5 ;  while  in  the  Belle- 
rophon the  centre  of  gravity  is  90  ft.  from 
the  bow,  and  the  length  of  the  fore  body  is 
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144  ft.,  the  ratio  between  these  quantities 
being  nearly  the  same  as  before. 

Our  third  example  is  drawn  from  the 
Victoria  and  Albert,  in  which  ship  the 
centre  of  gravity  is  about  157  ft.  from  the 
bow  and  143  ft.  from  the  stern.  When 
supported  at  the  extremities  only,  the  bow 
sustains  a  pressure  of  about  1,120  tons,  and 
the  stern  of  1,230  tons  ;  and  the  centres  of 
gravity  of  the  two  parts,  into  which  the  ship 
is  divided  by  the  transverse  section  contain- 
ing her  centre  of  gravity,  are  respectively 
60  ft.  before  and  46  ft.  abaft  this  section. 
Hence  we  obtain  by  the  same  method  as 
before  : — 

Maximum  bending  moment 

=  1,120  tons  x  157  feet  -  1,020  tons  X  60 

feet. 
=  114,700  foot-tons  (in  round   numbers);  or 

about 
=  displacement  in  tons  X  i^h  of  the  length 

in  feet. 

The  approximate  maximum  bending- 
moments  previously  determined  for  this 
ship  are,  for  still  water  5,080  foot- tons,  on 
a  wave-crest  16,400  foot- tons,  in  a  wav€- 
hollow  31,000  foot-tons;  the  approximate 
maximum  shearing  forces  under  the  same 
circumstances  are  respectively  140  tons, 
220  tons,  and  395  tons.  When  ashore  the 
maximum  shearing  force  is,  of  course,  1,230 
tons.  By  comparing  this  ship  with  the 
Bellerophon  and  Minotaur,  it  will  be  seen 
that  the  maximum  sagging-moment  bears 
a  larger  ratio  to  the  product  of  the  dis- 
placement by  the  length  than  it  does  in 
the  two  iron-clads.  This  is  due  to  the  fact, 
already  illustrated,  of  the  greater  con- 
centration of  weights  at  the  centre  of  the 
paddle-wheel  steamship. 

These  three  examples  afford  us  the 
means  of  approximating  to  the  limiting 
values  of  the  shearing  forces  and  bending- 
moments  of  ships  supported  at  the  ex- 
tremities only,  and  from  them  we  obtain 
the  following  limits.  For  shearing-forces 
the  maximum  lies  between  one-half  and 
three-fifths  of  the  displacement,  and  for 
bending-moments  between  one-seventh  and 
one-sixth  of  the  product  of  the  displacement 
by  the  length.  These  are,  of  course,  to  be 
regarded  simply  as  limiting  values ;  in 
practice  they  can  scarcely  occur,  because  no 
ship  is  likely  to  rest  at  the  extremities  only 
without  having  moderate  base  of  support. 
The  amount  of  the  strains  actually  ex- 
perienced would  depend,  obviously,  upon 
the  length  of  the  base  of  support  and  its 


greater  or  less  nearness  to  the  bow  and  stern. 
When  a  ship  ashore  rests  upon  a  middle 
support  and  ha3  her  ends  unsupported, 
which  is  the  other  extreme  position  she  can 
occupy,  she  is,  as  we  have  said,  less  severely 
strained  than  when  resting  on  the  ends  only, 
the  reason  for  this  fact  being  that  the  heavy 
weights  carried  in  the  amidship  portion  are 
comparatively  close  to  the  point  of  support 
in  one  case,  whereas  in  the  other  they  are 
much  more  distant.  The  greatest  differ- 
ence in  strains  should  consequently  be 
looked  for  in  ships  having  very  concentra- 
ted weights  amidships ;  and  it  is  interest- 
ing to  remark  that  while  such  a  concentra- 
tion has  been  shown  to  be  beneficial  in  re- 
ducing most  of  the  principal  strains  experi- 
enced by  ships  afloat,  it  is  the  cause  ot  the 
increase  in  sagging  strains  in  ships  ashore. 
A  ship  having  her  weights  uniformly  dis- 
tributed throughout  the  length  would  be 
subject  when  supported  at  the  middle  only, 
to  hogging  moments  equalling  in  amount 
the  sagging  moments  incidental  to  support 
at  the  extremities.  Actual  ships,  however, 
have  not  anything  like  a  uniform  distribu- 
tion of  weights,  and  the  greatest  weights 
are  usually  found  near  the  middle.  In 
spite  of  the  increase  in  the  severest  excep- 
tional strains  thus  caused,  however,  it  can- 
not be  doubted  that  the  ordinary  distribu- 
tion of  the  weight  is  beyond  comparison 
better  than  uniform  distribution  would  be  ; 
for  its  beneficial  effect,  in  reducing  strains 
in  ships  afloat,  is  continually  called  into  play, 
while  the  other  effect  is  seldom  produced. 

In  order  to  show  the  relative  magnitude 
of  the  classes  of  exceptional  strains  in  ships 
ashore,  we  will  again  take  the  thiee  typical 
ships  and  give  a  few  quantitative  results. 
The  only  explanation  required  of  the  meth- 
od we  shall  follow  is,  that  when  a  ship  is 
supported  on  a  single  point,  vertically  below 
her  centre  of  gravity,  the  maximum  shear- 
ing force  will  equal  the  weight  of  either  the 
fore  or  the  after  body,  and  the  maximum 
bending  moment  will  equal  the  product  of 
the  weight  of  one  of  these  bodies  by  the 
distance  of  its  centre  of  gravity  from  the 
point  of  support.  The  previous  investiga- 
tions therefore  supply  all  the  data  required 
for  the  further  calculations. 

In  the  Minotaur  the  after  body  is  the 
heavier,  and  its  weight,  5,070  tons,  consti- 
tutes the  maximum  shearing  force.  The 
product  of  this  weight  by  the  distance  of 
the  centre  of  gravity  of  the  after  body  from 
the  trans veise  plane  passing   through  the 
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centre  of  gravit}7  of  the  whole  ship,  81  ft., 
gives  us : 

Maximum  hogging  moment 
=  5,070  tons  x  81  feet. 

410,600  foot-tons  ^in  round  numbers'*  ;  or 
about. 
=  displacement  in  tons  X  tV*0  °f   the  length 
in  feet. 

The  maximum  shearing  force  is  a  little 
greater  in  this  case  than  in  the  case  of  sup- 
port at  the  ends ;  and  the  maximum  hog- 
ging moment  is  considerably  over  two-thirds 
the  maximum  sagging  moment.  It  may 
also  be  interesting  to  compare  these  excep- 
tional hogging  strains  with  the  strains  inci- 
dental to  support  on  a  wave  crest.  These 
are :  Hogging  moment  140,300  foot- tons, 
shearing  force  1,365  tons. 

The  Bellerophon  is  divided  into  two  parts 
by  the  transverse  plane  containing  her  cen- 
tre of  gravity,  such  that  the  foremost  or 
heavier  part  weighs  3,825  tons,  and  has  its 
centre  of  gravity  54  ft.  before  the  plane  of 
division.  The  maximum  shearing  force  for 
support  at  the  middle  is  therefore  3,825 
tons,  a  little  greater  than  in  the  previous 
position,  and  we  have 

Maximum  hogging  moment 
=  3,S25  tons  x  54  feet. 
=  206,500  foot-tons  (in  round    numbers)  ;  or 

about 
=  displacement  X  Ajth  of  the  length. 

This  moment  is  considerably  under  two- 
thirds  of  the  maximum  sagging  moment 
previously  found  for  this  ship ;  and  we 
have  in  this  fact  an  illustration  of  the  state- 
ment made  above  respecting  the  difference 
existing  between  the  exceptional  hogging 
and  sagging  strains  in.  ships  with  concen- 
trated weights  amidships,  as  compared  with 
other  ships.     In  the  Victoria  and  Albert  we 

Table  of  Maximum  Bending  moment*  and   Shearing  forces   determined  for  the   Minotawr,  Belle* 

rophon,  and  Victoria  and  Albert. 


should  expect  to  find  a  more  striking  illus- 
tration, and  we  really  do  so.  Her  after 
body  is  heavier  than  the  fore  body,  and  its 
weight,  1,330  tons,  constitutes  the  maximum 
shearing  force,  while  the  centre  of  gravity  is 
46  ft.  abaft  the  centre  of  gravity  of  the 
whole  ship.     Hence  we  have 

Maximum  hogging  moment 
=  1,380  tons  X  46  feet. 
=  61,200  foot- tons   vin  round   numbers) ;  or 

about 
=  displacement  X  T^th  of  the  length. 

The  maximum  sagging  moment  in  this 
ship  is  therefore  not  very  much  less  than 
double  the  maximum  hogging  moment  ex- 
perienced by  the  ship  ashore ;  when  com- 
pared with  the  Minotaur,  the  case  of  the 
Victoria  and  Albert  appears  still  more  stri- 
king. 

These  three  examples  lead  to  the  conclu- 
sion that  the  limiting  maximum  values  of 
the  strains  experienced  by  ships  supported 
only  at  the  middle  may  be  fixed  as  follows : 
For  shearing  forces  between  one- half  and 
two-thirds  of  the  displacement ;  for  bending 
moments  between  one-ninth  and  one-elev- 
enth of  the  product  of  the  displacement  by 
the  length.  As  in  the  other  extreme  posi- 
tion of  support,  these  limits  can  never  be  ap- 
proached closely  in  actual  ships,  on  account 
of  the  more  or  less  extended  base  of  sup- 
port which  is  pretty  certain  to  be  found  un- 
der ships  ashore. 

In  order  to  facilitate  a  comparison  be- 
tween the  various  strains  experienced  by 
the  three  typical  ships  under  different  cir- 
cumstances, the  following  tabular  statement 
of  the  results  arrived  at  in  this  article, 
and  in  our  preceding  articles  in  "Naval 
Science "  on  the  Strains  of  Ships,  is 
given : 
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The  values  of  bending  and  shearing  ! 
strains  here  given  are  not  put  forward  as 
strictly  accurate,  although,  from  the  de- 
tailed calculations  on  which  they  rest,  they 
may  be  regarded  as  very  close  approxima- 
tions to  the  strains  experienced  by  various 
classes  of  ships  under  the  assumed  condi- 
tions. These  conditions,  as  we  have  seen, 
do  not  include  all  the  circumstances  in 
which  ships  may  be  and  are  placed,  but  for 
still  water  the  approximation  made  is  doubt- 


less very  close  ;  and  for  the  exceptional  po- 
sitions of  support  ashore,  the  limiting  val- 
ues of  the  strains  are  also  very  close  to  the 
truth,  although  in  practice  these  limits  can 
never  be  reached.  For  ships  at  sea,  in  the 
extreme  positions  of  support  assumed,  the 
values  given  for  the  strains,  of  course,  rep- 
resent the  statical  aspect  of  the  question ; 
the  attempt  to  put  into  figures  the  straining 
effects  of  pitching  and  ascending,  has  not 
been  made. 


THE  EXPANSION  OF  WATER  IN  FREEZING. 


From  "The  Engineer. 


The  effects  produced  by  the  expansion 
of  water  in  freezing  are  of  considerable  im- 
portance to  engineers,  not  only  a3  affecting 
the  permanence  of  water  tubes,  mains,  etc., 
during  winter,  but  as  regards  various  other 
works,  such  as  masonry,  which  suffer 
heavily  under  certain  circifmstances  from 
the  effect  of  frost.  The  following  account 
of  recent  investigations  in  the  matter  will, 
we  believe,  be  found  interesting  and  useful. 
They  have  been  carried  out  in  a  very  care- 
ful and  complete  manner  by  MM.  Ch. 
Martins  and  Gr.  Chancel,  Professor  at  the 
School  of  Medicine  and  Faculty  of  Science, 
Montpellier,  and  also  separately  by  M. 
Boussingault  and  M.  A.  Barthelemy,  whose 
names  alone  are  sufficient  guarantee  for 
the  value  of  the  experiments  made,  and  we 
propose  to  give  our  readers  an  abstract  of 
the  results  of  their  inquiries.  In  the 
earliest  experiments  of  the  Florentine 
Academicians  on  the  point,  they  deter- 
mined first  of  all  that  water  in  freezing 
burst  vessels  of  metal  or  glass  which  were 
completely  filled,  and,  to  measure  the 
amount  of  dilatation  which  took  place  as 
the  fluid  passed  into  the  solid  state,  the}' 
took  two  courses.  In  the  first,  by  putting 
a  certain  quantity  of  water  into  a  graduated 
tube,  and  then  freezing  it,  they  ascertained 
that  the  relative  bulks  of  liquid  and 
frozen  water  were  between  themselves  as 
*:9.  In  the  second  they  primarily  weighed 
a  volume  of  water,  and  then  found  the 
weight  of  a  second  volume  of  the  same  equal 
in  bulk  to  the  ice  resulting  from  the  freez- 
ing of  the  first,  these  giving  inter  se,  the 
proportion  of  25  to  28-i-,  which  appears  not 
much  at  variance  with  the  result  of  the 
earlier  experiment. 

In  1784  and  1785   Major  Edward  Wil- 


liams burst  in  this  way,  at  Quebec,  some  cast- 
iron  bombs  the  exterior  diameter  of  which 
was  12.8  in.,  and  the  thickness  of  metal 
about  38mm.  During  the  operations  the 
thermometer  stood  in  the  open  air  at  about 
— 24  C,  and  the  fuse  holes  of  the  shells 
were  stopped  by  an  iron  plug  strapped  over 
exteriorly  with  steel  bands.  In  seven  of 
the  trials  made  the  plug  on  the  freezing 
taking  place  was  forced  out  to  a  distance  of 
about  125m.,  it-;  ejection  being  immediately 
followed  by  the  appearance  of  a  small 
cylinder  of  ice  varying  in  size  in  the  differ- 
ent experiments  from  .057m.  to  .216m.  On 
one  occasion,  at  a  temperature  of — 24  C. 
the  shell  burst,  separating  itself  in  halves, 
between  which  protruded  two  thin  lamime 
of  ice  of  about  the  thickness  of  a  fish  scale, 
whilst  the  plug  itself  had  partially  yielded. 
Charles  Hutton  (see  the  "  Transactions  of 
the  Eoyal  Society  of  Edinburgh  ")  deduced 
from  the  data  furnished  by  these  experi- 
ments the  conclusion  that  whatever  the 
intensity  of  the  exterior  cold,  the  resistance 
of  the  sides  of  the  bombs  to  expansion 
maintained  some  portion  of  the  inclosed 
water  in  a  liquid  state,  and  by  calculating 
the  volume  of  the  largest  exuded  cylinder 
of  ice  he  formed  the  opinion  that  the 
dilatation  of  water  in  freezing  was  from 
one-seventeenth  to  one-eighteenth  of  its 
bulk.  Muncke  repeated  these  experiments 
at  Michelstadt,  when  he  burst  old  shells  49 
centimetres  diameter,  and  a  thickness  of 
metal  of  64mm.,  at  a  temperature  of — 20 
deg.  C,  fragments  weighing  75  kilos,  being 
flung  to  a  distance  of  ten  paces,  and  his 
valuation  of  the  rupturing  force  was  that 
it  equalled  132,000  kilos. 

The    experiments  of  which    we    write — 
those  privately  conducted  by  MM.  Martins 
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and  Chancel — were  made  on  two  large 
bombs,  each  of  0.32m.  diameter,  and  39m 
m.  thickness  of  cast  iron  in  the  weakest 
part.  After  having  been  filled  with  water, 
closed  with  a  wooden  plug  slightly  conical 
driven  in  with  a  mallet,  and  covered  by  a 
heavy  stone,  the  first  of  these  was  exposed 
in  the  open,  air  on  the  night  of  the  3d  of 
January,  1868.  The  plug  was  forced  out, 
driving  the  covering  stone  on  one  side,  and 
in  the  morning  a  small  cylinder  of  ice  made 
its  appearance  through  the  fuse  orifice. 
This  was  removed,  and  the  ice  in  the  inte- 
rior of  the  bomb  having  become  partially 
melted  from  the  effects  of  the  sun's  rays, 
water  was  added  so  as  to  fill  it  (the  bomb) 
afresh,  the  plug  being  then  replaced  and 
weighted  as  before.  During  the  following 
night  the  thermometer  marked — 6  deg.  C, 
and  the  plug  was  again  forced  out  by  the 
issuing  of  a  cone  of  ice.  Another  evening, 
the  water  having  been  replaced,  the  shell 
was  again  closed  with  a  new  plug  of  dry 
wood,  driven  in  with  very  considerable 
force  and  weighted  with  a  large  stone  ;  on 
that  night  the  thermometer  fell  to — 10.3 
deg.,  and  towards  the  morning  a  dull  sound 
was  heard,  and  the  shell  separated  into  two 
parts,  in  the  line  of  a  great  circle,  passing 
through  the  fuse  orifice.  The  thickness  of 
the  skin  of  ice  was  found  to  average  60mm., 
which  leaves  122mm.  as  the  diameter  of 
the  sphere  of  water  remaining  in  a  liquid 
state. 

The  experiment  was  repeated  on  the  20th 
January,  1870,  when  the  fuse-hole  of  a 
shell  of  the  same  diameter  as  the  previous 
one  was  tapped,  the  bomb  then  filled  with 
water  at  a  temperature  of  about  -f-  4  deg. 
C,  and  the  orifice  closed  by  a  screw,  the 
head  of  which  was  formed  of  a  disc  of  iron 
corresponding  exactly  with  the  curve  of  the 
outer  periphery  of  the  shell,  a  washer  of 
lead  being  placed  between.  The  bomb  was 
then  immersed  in  a  mixture  of,  by  weight, 
two  parts  of  snow  and  one  of  sea  salt,  the 
thermometer  standing  therein  at — 20  deg. 
C.  In  6  hours  the  shell  burst,  but  not  in 
the  line  of  its  greatest  diameter,  a  spherical 
piece  from  the  side  opposite  to  the  fuse- 
hole,  having  a  diameter  of  0.19m.  at  its 
base,  separating  itself  from  the  rest  of  the 
globe,  and  the  mamelated  layer  of  ice,  cir- 
cumscribing an  irregular  ellipsoidal  cavity, 
was  found  to  be  from  2  to  3  centimetres  in 
thickness.  In  another  experiment  a  bomb, 
the  metal  being  about  26mm.  thick,  and  the 
interior   capacity  2,610   cubic   centimetres, 


filled  with  water  at  -(-  4  deg.  C,  plugged 
as  the  foregoing,  was  placed  in  a  mixture 
of  snow  and  ice  of  the  temperature  of — 2 1 
deg.  C.  At  the  end  of  an  hour  and  a  half 
the  shell  burst,  dividing  itself  nearly  on  the 
line  of  a  great  circle  into  two  slightly  une- 
qual parts.  It  was  found  that  the  interior 
layer  of  ice  had  an  uniform  thickness  of  10 
mm.,  and  the  diameter  of  the  enclosed 
sphere  was,  therefore,  150mm.,  and  tie 
volume  of  the  globe  of  liquid  water 
1796  c.c,  that  of  the  ice  being  814  cu- 
bic centimetres,  and,  according  to  Gene- 
ral Morin's  formula},  the  pressure  on 
the  line  of  rupture  equalled,  say  290-, 
COO  kilos.  From  the  fact  of  the  ex- 
treme uniformity  of  the  layer  of  ice  which 
covered  the  interior  of  this  shell,  it  was 
somewhat  easy  to  calculate  directly  the  force 
causing  the  rupture.  The  entire  interior 
capacity  of  the  bomb  filled  with  water  was, 
as  we  have  said,  2610  cubic  centimetres  ; 
after  the  explosion,  this  sphere  was  com- 
posed of  1,796  Aubic  centimetres  of  liquid 
water,  with  a  surrounding  layer  of  ice  of  a 
volume  equalling  814  cubic  centimetres;  but 
as  in  freezing,  water  expands,  the  814  cubic 
centimetres  of  ice  had,  in  becoming  solid, 
increased  in  bulk  by  one-eleventh,  or  about 
74  cubic  centimetres.  The  interior  mass 
was,  therefore,  under  a  pressure  equivalent 
to  this  increase  of  volume,  which,  in  free 
space,  would  have  raised  the  total  quantities 
of  water  and  ice  united  to  about  2,684  cubic 
centimetres;  but  the  interior  of  the  shell  hav- 
ing only  a  capacity  equal  to  2,610  cubic  centi- 
metres, the  liquid  sphere  of  1,796  cubic  centi- 
metres was  hence  compressed  to  the  extent 
of,  say  one- twenty- fourth  of  its  volume  ;  and 
the  pressure  which  burst  the  shell  is  deter- 
mined as  being  equal  to  about  912  atmos- 
pheres. It  has  been  assumed  in  this  calcu- 
lation that  the  water  alone  is  compressible. 
The  ice  is  probably,  however,  very  slightly 
so,  the  coefficient  of  its  yielding  not  being 
known.  But  if  we  suppose  this  compact 
ice,  deprived  of  air,  to  be  equally  compres- 
sible with  water,  we  find  the  force  causing 
the  rupture  of  the  shell  along  the  line  of  a 
great  circle  passing  through  the  fuze  hole 
is  reduced  to  550  atmospheres.  It  may  be 
assumed,  then,  that  the  rupturing  force  is 
within  550  atmospheres,  if  we  admit  the  ice 
to  be  compressible  like  water,  and  912 
atmospheres,  if  we  suppose  it  is  not  so.  In 
an  experiment  made  with  a  small  grenade 
—  whose  interior  diameter  was  61.87mm., 
and  its  exterior  one  81.49mm.,  with  a  thick- 
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ness  of  metal  of  9.81mm. — it  was  filled  with 
water  and  plugged,  but,  on  being  placed  in 
the  freezing  mixture,  burst  in  a  quarter  of 
an  hour,  the  weight  of  the  lining  of  ice  be- 
ing found  to  be  32  grammes,  its  average 
thickness  2.9mm.,  the  volume  of  liquid 
water  92  cubic  centimetres,  and  the  rup- 
turing force  440  atmospheres.  Another 
grenade  of  one  cubic  centimetre  superior 
capacity  was  operated  upon  in  a  similar 
manner,  and  the  pressure  causing  the  ex- 
plosion determined  to  be  equal  to  about  574 
atmospheres,  the  difference  between  the 
respective  rupturing  forces  in  this  and  the 
former  experiment  being  attributable  to  the 
varying  qualities  of  the  cast  iron,  its  want 
of  homogeneity,  and  the  flaws  which  it 
nearly  always  contains.  It  remained,  in 
order  fully  to  complete  these  experiments, 
to  see  what  was  the  temperature  of  the 
water  remaining  liquid  in  the  centre  of  the 
shells.  It  is  known  that  pressure  lowers 
the  freezing  point  of  water,  at  the  rate  of 
about  1  deg.  C.  to  every  133  atmospheres, 
and  as  to  this,  reference  may  be  made  to 
the  "Transactions  of  the  Eoyal  Society, 
1849,"  the  "Proceedings  of  the  Eoyal 
Society,  1861,"  the  "  Proceedings  of  the 
Eoyal  Society,  Edinburgh,  1850,"  "  Biblio- 
theque  Universelle,  Archives  Nouvelle, 
pe'riode  1858,"  etc.  etc. ;  but  the  determin- 
ing of  this  actual  temperature  offered  no 
little  difficulty,  inasmuch  as  it  was  neces- 
sary, in  order  so  to  do,  to  place  a  thermo- 
meter in  the  centre  of  the  shell  to  be  burst, 
and  yet  protect  it  from  the  enormous  pres- 
sure effecting  the  rupture ;  the  means  ad- 
opted were  the  following: — 

Instead  of  using  a  simple  screwed  plug  to 
close  the  fuse  hole,  as  in  the  experiments 
already  narrated,  a  hollow  one  was  made 
which  terminated  in  a  tube  of  steel  twisted 
like  a  gun  barrel,  and  equal  in  length  to 
the  interior  diameter  of  the  shell ;  a  ther- 
mometer, the  bulb  of  which,  surrounded 
with  mercury,  was  exactly  in  the  centre  of 
the  shell,  was  placed  within  this  tube,  the 
graduated  scale  passing  through  and  being 
visible  above  the  nut  head  of  the  screw  plug, 
whilst  its  markings  were  read,  by  means  of 
telescopes,  from  some  distance.  The  shell 
was  tilled  with  water  at  -j-  4  deg.  C,  but 
prior  to  its  being  placed  in  the  freezing 
mixture  this  temperature  rose  to  10.7  deg. 
When  surrounded  by  the  ice  and  water,  this 
fell  to  -f-  0.1  deg.  C,  and  twenty  minutes 
after  it  was  — 2.2  deg.  Under  the  influ- 
ence  of  the  formation  of  the   ice   it   then 


rose  rapidly  to— 0.7  deg.,  slowly  afterwards 
descending  to  — 2.8  deg.,  when  the  shell 
burst,  having  been  in  the  freezing  mixture, 
the  temperature  of  which  was  always  below 

-  19  deg.,  two  hours  and  thirty-five  min- 
utes. In  calculating  the  pressure  by  the 
augmentation  of  the  contained  volume,  it 
was  found  to  amount  to  about  ^,  and,  con- 
sequently, equal  to  the  force  of  about  433 
atmospheres,  whilst  from  the  knowledge 
obtained  of  the  temperature  of  the  water 
the  following  was  deduced  :  The  tempera- 
ture in  the  centre  appears  to  have  been, 
when  the  explosion  took  place  —  2.8  deg., 
and  admitting,  as  do  many  natural  philoso- 
phers, that  the  freezing  point  is  lowered  1 
deg.  C,  for  every  133  atmospheres  of  pres- 
sure, it  was  found,  by  calculating  the  pres- 
sure from  the  registered  temperature,  that 
it  was  about  373  atmospheres,  a  result  which 
differed  but  16  per  cent,  from  the  other,  and 
which  was  certainly  an  accordance  to  be 
considered  satisfactory  when  experimenting 
with  matter  where  all  the  physical  elements 
of  calculation  cannot  be  quite  accurately  de- 
termined. Another  bomb  was  afterwards 
tried,  which  exploded  after  having  been  in 
the  freezing  mixture  one  hour  and  thirty- 
five,  minutes,  the   thermometer  standing  at 

—  4.2  deg.,  and  the  pressure  at  the  moment 
of  rupture  was  calculated  to  equal,  say,  559 
atmospheres,  the  pressure  corresponding  to 
the  increase  in  volume  being  588  atmos- 
pheres. The  conclusions  arrived  at  from 
these  experiments  are,  speaking  generally, 
the  following : 

,(1)  The  rupture  of  hollow  vessels  of  cast 
iron  by  the  freezing  of  contained  water 
takes  place  without  any  projection  of  the 
fragments,  the  proportion  of  water  convert- 
ed into  ice  being  from  20  to  30  per  cent,  of 
the  whole. 

(2)  This  quantity  of  ice  creates  an  interi- 
or pressure  which  reduces  the  volume  of  the 
water  by  from  ?l-  to  ■£%. 

(3)  That  the  pressure  required  to  burst 
bombs  is  independent  of  the  size  of  the 
shells ;  the  thickness  of  the  metal  in  those 
used  in  the  experiments  under  notice  being 
proportionate  to  their  volume,  the  resist- 
ance was  about  equal,  and  averaged  520  at- 
mospheres. 

(4)  That  the  pressures  deduced  from  the 
temperature  of  the  water,  allowing  for  a 
lowering  of  1  deg.  C.  per  133  atmospheres, 
give  results  nearly  agreeing  with  those  cal- 
culated from  the  coefficient  of  the  compres- 
sibility of  the  water. 
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(5)  That  in  these  experiments,  no  mat- 
ter what  the  cold  of  the  exterior  freezing 
mixture,  the  temperature  of  the  enclosed 
water  was  never  at  the  moment  of  rupture 
below — 4.2  deg.  C. 

(6;  That  the  average  pressure  at  rup- 
ture was  only  about  half  that  given  in  the 
formulae  of  General  Morin. 

M.  Boussingault's  experiments  are  also 
extremely  interesting.  He  used  a  cannon, 
tapped  at  the  muzzle,  and  closed  with  a 
screw  pin  of  tough  steel,  having  a  washer 
of  lead  ;  a  ball  of  steel  being  placed  in  J;he 
interior  of  the  gun  in  order  that  it  might 
be  ascertained  by  it,  the  ball,  becoming  im- 
movable, whether  or  not  the  water  was 
frozen.  On  the  26th  December,  1870,  the 
cannon  was  filled  with  distilled  water  at  a 
temperature  of  -f-  4  deg.  0.,  and  when  the 
plug  had  been  screwed  in  by  the  aid  of  a 
lever,  on  turning  the  gun  the  metallic  sound 
caused  by  the  movement  of  the  enclosed 
ball  was  very  distinctly  heard.  Exposed 
from  9  am.,  when  the  temperature  was 
— 13  deg.  C,  until  the  evening,  when  it  was 
— 9  deg.  0.,  the  water  inclosed  still  remain- 
ed fluid. 

On  the  27th  of  the  same  month  the 
thermometer  marked — 24  deg.,  and#  the 
continued  movability  of  the  ball  proved 
that  the  water  was  still  liquid.  On  the 
30th,    on   proceeding  to  remove  the  plug, 


the  temperature  being — 10  deg.  C,  the 
screw  was  scarcely  turned  when  a  species 
of  frosty  matter  somewhat  resembling  the 
rime  of  hoar  frost  forced  itself  out,  and 
the  inclosed  water,  so  soon  as  the  pres- 
sure to  which  it  had  been  subjected  was 
removed,  became  frozen.  The  cannon  was 
then  warmed  sufficiently  to  destroy  adhe- 
sion, and  a  cylinder  of  ice  of  great  trans- 
parency, with  a  row  of  small  air  bubbles 
along  its  axis,  was  removed.  Other  ex- 
periments conducted  by  M.  Boussingault 
gave  almost  similar  results,  the  water  re- 
maining fluid  under  pressure  at  very  low 
temperatures,  but  freezing  the  moment 
when  the  removal  of  the  plug  gave  it 
room  to  expand ;  and  the  conclusion  he 
comes  to  is,  that  if  the  resistance  of  the  sides 
of  the  inclosing  vessel  exceeds  the  expan- 
sive force  developed  during  the  act  of  con- 
gelation, this  resistance  becomes  an  obsta- 
cle to  the  formation  of  ice,  and  the  water 
remains  liquid  at  the  lowest  temperature — 
an  opinion  in  the  rationale  of  which  we 
fully  concur. 

Those  of  our  readers  feeling  interested  in 
the  further  investigation  of  this  question 
are  referred  to  Professor  James  Thomson's 
discovery  of  the  lowering  of  the  freezing 
point  by  pressure,  and  to  Messrs  Forbes 
and  TyndalPs  observations  of  facts  connect- 
ed with  glaciers. 


BLAST  FURNACE  CONSTRUCTION. 


From  "  Journal  ef  Iron  and  Steel  Institute." 


The  blast  furnaces  employed  in  smelting 
iron  ores  in  Great  Britain,  beyond  having 
been,  ironi  time  to  time,  enlarged  in  size  or 
internal  capacity,  remained  without  any 
great  alteration  in  their  external  shape,  or 
other  improvement  in  construction,  from  the 
last  century  up  to  about  the  middle  of  the 
present  one,  being,  during  that  period,  little 
more  than  great  pyramids  of  massive  ma- 
sonry surrounding  a  central  cavity  in  which 
the  smelting  of  the  iron  ores  took  place  ; 
many  examples  of  these  are  still  to  be  seen 
in  various  parts  of  Scotland,  Wales,  and 
Staffordshire.  The  commencement  of  the 
iron  manufacture  in  the  Cleveland  district, 
however,  inaugurated  quite  a  revolution  in 
this  respect,  as  well  as  in  many  other  time- 
honored  details  of  our  blast  furnace  prac- 
tice ;  and  furnaces  were  built  which  were 
but  thin  stacks  or  mere    shells    of  brick- 


work, encased  in  an  outer  coating  of  plate 
iron,  and  under  which  the  massive  columns, 

;  or   rather    solid    blocks,    of   brickwork    or 

;  masonry,  which  formerly  supported  the 
body  of  the  furnace,  were  replaced  by  cast- 
iron  columns,  which  modification  not  only 
immensely  reduced  the  quantity  of  materitis 
required  for  the  construction  of  the  furnace 
itself,  but  also  allowed  of  easy  access  to  the 
region  of  the   tuyeres    and   hearth  of  the 

!  furnace.  On  the  Continent,  however,  the 
ironmasters  were  long  in  following  the 
example  shown  by  Cleveland ;  and  to  this 
day  most  of  the  iron  furnaces  are  seen  to  be 

i  but  copies  of  what  the  usual  style  of  con- 
struction  in   England    was    before     1850. 

I  In  1865,  however,  it  would  appear  that  the 
first  step  in  this  direction  was  taken  by  M. 
Buttgenbach,  the  manager  of  the  Neuss 
Iron  Works,   near  Dub&oidorf,   in  llhunish 
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Prussia,  who  introduced  his  new  system  of 
blast  furnace  construction,  which,  although 
evidently  based  on  that  of  the  modern 
English  furnace,  differs  from  it  in  several 
details. 

A  model  of  his  first  furnace  was  placed 
iu  the  Paris  Exhibition  of  1867,  where 
it  received  the  only  prize  in  its  class, 
and  is  now  in  the  Museum  of  the  Ecole 
Centrale  des  Arts  ,  et  Manufactures  in  that 
city.  Since  then,  blast  furnaces  on  this 
system  have  been  erected  at  the  Usines 
d'Anzin,  near  Valenciennes,  at  MM.  de  la 
Pochette's,  and  at  MM.  Harel  &  Cie.'s 
ironworks,  near  Lyons  ;  at  the  St.  Louis 
Works,  near  Marseilles  ;  and  in  Austria,  at 
Inneberg,  near  Vienna,  and  at  Putten, 
whilst  various  others  are  now  in  course  of 
construction  in  both  France  and  Germany. 
Descriptions  and  figures  of  the  furnace  will  be 
found  in  the  "  Portfueille  Economique  "  for 
October,  1869;  the  "  Berg  u.  Huetten  Zei- 
tung "  for  1870,  p.  436;  and  still  more 
recently,  in  Professor  A.  Kerpely's  report, 
just  published  ;  and  as  this  system  i3  com- 
ing every  day  more  into  use  on  the  Conti- 
nent, as  well  as  from  its  containing  several 
features  which  may  be  found  applicable  to 
our  own  furnaces  in  Eng  and,  we  think  it 
may  not  be  out  of  place  to  direct  attention  to 
the  mode  of  construction  as  now  carried 
out. 

The  principle  on  which  Herr  Buttgen- 
bach's  system  of  construction  is  based,  is 
that  the  shaft  of  the  furnace  itself  shall  be 
as  far  as  possible  isolated  and  independent, 
either  of  the  base  below  or  the  charging 
bridge  above,  in  order  that  it  may  thus  be 
enabled  to  expand  and  contract  freely, 
without  affecting  the  other  parts  of  the 
structure.  In  order  to  effect  this,  the  base 
of  the  furnace  is  formed  of  seven  brickwork 
piers,  disposed  in  a  circle  and  inclining 
slightly  inwards,  their  tops  being  connected 
by  arches  and  by  a  crown  ring,  which  rests 
in  a  recess  formed  in  the  inner  side  of  the 
ring  of  brickwork  on  the  top  of  the  piers. 
The  shaft  which  rests  on  this  crown  ring  is 
built  of  one  ring  of  fire-clay  blocks,  mould- 
ed to  the  proper  form,  and  only  18  in.  in 
thickness.  The  boshes  meet  the  stack  as 
usual,  and  at  their  widest  part  are  held  in 
by  the  crown  ring  of  the  piers,  both  the 
stack  and  boshes  being  braced  with  iron 
hoops,  and  at  their  junction  the  boshes  are 
protected  by  water  boxes,  which  are  like- 
wise applied  to  the  hearth  and  to  the 
tuyeres  ^nd  tymp  arch.     The  top  platform, 


bridge  or  charging  gallery,  as  it  is  variously 
called,  is  not  supported  by  and  has  no  con- 
nection with  the  furnace  shaft,  but  rests 
upon  five  hollow  wrought  iron  columns, 
which  spring  from  the  top  of  the  base,  these 
columns  serving  as  pipes  for  carrying  down 
the  gases  from  the  furnace  top  into  an  annular 
reservoir,  in  which  all  the  dust  collects,  and 
from  which  they  are  conducted  to  the  boil- 
ers, air-heating  stoves,  etc.  At  first  glance 
it  would  appear  that  such  thin  walls  would 
be  likely  to  give  rise  to  a  considerable  loss 
of  heat  from  the  cooling  action  of  the  sur- 
rounding air,  but  the  experience  of  seven 
years  with  two  furnaces  at  the  Neuss  Iron 
Works,  the  one  built  on  the  old  system  of 
thick  walls,  and  the  other  with  walls  only 
18  in.  thick,  formed  of  only  one  ring  of  fire- 
brick, without  any  other  surroundings,  have 
afforded  practical  proof  that  the  new  sys- 
tem is  the  more  economical  in  working  as 
regards  the  consumption  of  fuel ;  whilst 
these  walls  have  the  advantage  of  being 
more  durable,  since  repairs  can  be  made  at 
any  time  during  the  working  without  the 
least  difficulty,  and  any  part  of  the  wall  may 
be  examined  by  boring  a  hole  of  say  1  in. 
diameter  through  the  fire-brick,  which 
affords  the  means  of  ascertaining,  at  any 
time  or  in  any  part  of  the  shaft,  as  to  how 
far  it  may  be  worn  away  on  its  inside  ;  this 
small  hole  being  kept  closed  by  a  clay 
plug,  put  in  from  the  outside.  Owing  to 
the  cooling  action  of  the  external  air,  the 
shaft,  which,  as  before  stated,  is  only  18  in 
thick,  during  the  seven  years  which  it  has 
been  in  use  at  the  Neuss  Works  has  not  lost 
more  than  half-an-inch  in  thickness  inter- 
nally ;  it  is  braced  every  3  ft.  with  iron 
hoops,  3  in.  wide  and  \  in.  thick,  and  has 
never  shown  any  trace  of  gas  escaping 
through  its  joints,  whilst  no  damage  or 
difficulty  in  re-commencing  work  was  found 
when,  in  the  commencement  of  this  year, 
the  furnace  had  to  cease  working  during  62 
days,  on  account  of  insufficient  supply  of 
coals.  This  furnace,  which  is  53  ft.  in 
height  and  16  ft.  across  the  boshes,  turns 
out  nearly  50  tons  fine-grained  pig  iron, 
rich  in  manganese,  per  day,  with  a  consump- 
tion of  fxom  20  to  22  cwt.  of  coke  per  ton 
of  pig  iron,  and  in  cost  of  erection  can  be 
built  for  at  least  25  per  cent,  cheaper  than  one 
of  the  same  dimensions,  but  of  the  ordinary 
construction. 

There  is  no  cast  iron  used  in  the  whole 
furnace,  and  the  total  weight  of  the 
hoops    and    braces    does    not    amount    to 
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two  tons.  If  the  blocks  of  the  shaft  are  to  \  by  a  thin  mixture  of  clay  and  water,  the 
hand,  such  a  furnace  can  be  built  within  a  !  entire  drying  and  heating  previous  to  blow- 
month,  and  as  no  mortar  is  employed,  the  |  ing-in  does  not  require  longer  than  ten 
joints  of  the  fire-bricks  being  only  cemented    days. 


ON  THE  COMBUSTION  OF  POWDEKED  FUEL  IN  KEYOLVING 
FUENACES  AND  ITS  APPLICATION  TO  HEATING  AND  PUD- 
DLING PUEPOSES  * 

From  the  "  Mining  Journal." 


From  the  earliest  period  it  has  been  the 
desire  of  al]  parties  interested  in  the  use  of 
coal  to  produce  perfect  combustion  and  no 
smoke.  Various  mechanical  means  for 
bringing  together,  in  a  regular  manner,  the 
proper  equivalents  of  air  and  coal,  and  for 
keeping  clean  the  bars  of  furnaces,  have 
been  suggested,  but  none  have  hitherto  suc- 
ceeded, particularly  where  large  quantities 
of  coal  have  been  burnt  in  a  small 
space.  To  effect  this  it  is  necessary  at  all 
times  to  have  an  equal  thickness  of  coal  re- 
taining the  same  area  of  interstices  in  it,  in 
conjunction  with  free  access  of  air  between 
the  bars  at  a  regular  pressure,  without 
which  it  is  impossible  to  maintain  an  equal 
temperature  or  equal  combustion.  The 
many  difficulties  which  presented  themselves 
to  all  those  who  have  formerly  investigated 
this  subject,  convince  the  inventor  that  the 
only  means  of  effecting  this,  was  by  pow- 
dering the  coal  and  feeding  it  together  with 
the  air  by  mechanical  means,  without  the 
use  of  fire  bars,  so  as  to  be  independent  of 
natural  draughts,  which  are  always  a  source 
of  irregularity.  It  is  not  only  necessary  to 
have  the  means  of  bringing  together  the 
proper  equivalent  of  air  and  coal  to  insure 
perfect  combustion,  but  it  is  essential  that 
the  size  of  the  particles  of  coal  be  determin- 
ed, and  should,  during  its  flotation  through 
the  furnace,  be  so  conducted  that  any  under- 
charged or  surcharged  currents  of  air  and 
coal  should  be  continually  re-intermixed 
until  the  whole  of  the  carbon  be  consumed  ; 
otherwise,  were  this  not  attended  to,  there 
would  be  deposits  of  coal  on  one  side  of  the 
furnace,  and  the  free  oxygen  would  pass  on 
the  other.  The  coal  is  ground  and  convey-  ! 
ed  by  the  ordinary  flour  mill  apparatus  at  a  ' 
cost  of  about  Is.  per  ton,  and  fed  from  the  ' 
hopper  through  adjustable  rollers  into  an  ' 
air  injector,  and  introduced  into  the  furnace 


*  Abstract  of  a  Paper  read  before  the  Iron  and  Steel  Institute  I 
by  T.  K.  Crainpton.  I 


mixed  with  air,  which,  during  the  experi- 
ments with  fixed  combustion  chambers,  was 
so  directed  on  to  the  bottom  that  the  under- 
charged and  surcharged  currents  re-inter- 
mixed the  products  passing  over  the  bridge 
into  the  utilizing  chamber.  The  feeding 
apparatus  was  a  great  difficulty,  the  require- 
ments of  such  a  machine  being  regular  ac- 
tion whether  the  coal  be  wet  or  dry.  It 
was  ascertained  that  from  the  intense  heat 
produced,  and  other  causes,  there  was  rapid 
wear  and  tear  of  the  brickwork,  but  observ- 
ed that  where  a  natural  slag  was  formed 
the  bricks  were  protected.  The  object 
then  was  to  endeavor  to  consume  so  much 
as  possible  in  contact  with  such  slag,  con- 
ducting the  unconsumed  products  over  the 
material  to  be  treated  without  striking  the 
brickwork.  Under  these  conditions  the 
combustion  was  so  perfect  that  cold  scrap 
iron  was  welded  with  5  to  6  cwt.  of  coal 
per  ton  of  iron,  and  this  with  cold  air  and 
without  utilizing  the  heat  in  the  chimney. 
It  was  mentioned  by  the  inventor  that  he 
was  not  aware  of  any  system,  by  which  iron 
had  been  welded  with  so  small  a  quantity 
of  coal.  The  reason  is  obvious.  The 
temperature  is  maintained  by  the  perfect 
combustion  of  the  air  and  coal  without 
variation.  In  other  cases,  steel  of  the  ordi- 
nary kind  was  melted  in  If  hours,  and  in 
other  instances  60  lbs.  of  pure  wrought 
iron  was  melted  in  3|  hours,  a  sample  of 
which  was  shown.  "This,"  he  believed, 
"had  never  previously  been  accomplished 
by  cold  air  and  coal.  It  is  an  evidence  of 
the  extraordinary  perfection  of  the  combus- 
tion, since  the  theoretical  heat  producible  is 
only  in  small  excess  of  the  melting  point  of 
wrought  iron,  and,  had  any  variation  in  the 
quantities  of  air  and  coal  occurred,  such  a 
result  would  have  been  impossible."  Other 
experiments  were  made  with  a  large  marine 
boiler  by  taking  out  the  fire-bars  and  lining 
the  furnace  with  brick-work.  The  boiler 
contained  1,500  eq.  ft.   of  heating  surface. 
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In  a  24  hours'  trial  the  variation  of  tempe- 
rature in  the  smoke  box  did  not  vary  20 
deg.  Fahr.,  that  is  between  380  and  400 
deg.  There  was  found  no  difficulty  in 
evaporating  10  to  11  lbs.  of  water  per  lb. 
of  coal.  It  is  practically  impossible  to  make 
smoke,  as  the  whole  of  the  hydrogen  is  con- 
sumed in  the  first  instance.  The  conse- 
quence is  that  the  uptake  in  boilers  have  no 
flame  in  them — an  important  element  when 
superheating  steam.  By  the  use  of  this 
system  in  steamships  no  stoking  would  be 
required,  and  the  coal  consumed  per  hour 
would  be  a  constant  quantity  whatever  the 
length  of  the  voyage.  He  believed,  owing 
to  the  regularity  of  the  heat,  as  much  steam 
could  be  produced  for  f-  of  the  heating 
surface  generally  used.  Upon  further  in- 
vestigation of  this  subject,  it  was  deemed 
of  great  importance  to  form  a  revolving 
combustion  chamber,  and  on  working  it  out 
(at  the  Royal  Gun  Factories,  Woolwich 
Arsenal,  under  the  superintendence  of 
Colonel  Campbell),  a  puddling  chamber  was 
attached,  forming  a  rotating  machine  divid- 
ed into  two  parts,  a  circular  aperture  con- 
necting them,  the  combustion  chamber  being 
lined  with  brick  and  the  puddling  chamber 
with  fettling.  A  balanced  flue  piece,  having 
a  double  casing  through  which  water  flows 
to  cool  it,  is  at  the  exit  end  of  the  furnace. 
The  furnace  itself  is  also  double-cased, 
through  which  water  is  made  to  circulate, 
having  a  cock  with  an  inlet  and  outlet  pas- 
sage attached  in  a  line  with  axis  of  the 
furnace,  through  one  of  which  passages  the 
water  flows,  and  after  circulating  in  the 
hollow  space  surrounding  the  furnace,  mak- 
ing its  exit  through  the  outlet  in  the  same 
cock.  The  coal  and  air  is  injected  through 
an  annular  space  surrounding  the  water 
inlet,  and  strikes  diagonally  all  round  the 


combustion  chamber,  the  products  being 
deflected  into  the  coal  at  the  opening  into  the 
utilizing  chamber,  and  pass  over  the  work 
to  be  done,  and  through  the  movable  flue 
to  the  stack.  The  combustion  chamber  is 
protected  from  the  action  of  the  fuel  by  a 
self- formed  bath  of  slag  which  is  continually 
carried  round  as  the  furnace  rotates.  The 
furnace  on  the  outside  is  perfectly  cool,  and 
owing  to  there  being  no  undue  expansion 
or  contraction,  the  lining  and  the  fettling  is 
most  efficiently  preserved.  The  puddling 
chamber  is  first  lined  with  li  in.  of  fire 
brick,  and  then  3  or  4  in.  of  fettling  is 
melted  upon  it.  Eight  charges  of  5  to  6 
cwt.  is  puddled  in  one  shift,  the  pig  iron 
being  melted  in  the  furnace  itself,  but  it  has 
capacity  for  puddling  12  to  15  cwt.  The 
furnace  weighs  about  20  tons  in  working 
order,  and  is  revolved  by  two  small  cylin- 
ders of  5  in.  diameter  with  10  in.  stroke.  At 
any  speed  the  furnace  itself  is  noiseless. 
One  man  is  required  to  grind  the  coal  for 
one  furnace,  but  three  men  would  do  the 
work  for  six  or  eight  of  the  same.  The 
quality  of  iron  produced,  as  compared  with 
that  made  from  the  same  pig,  is  somewhat 
interesting. 

From  the  ordinary  furnaces  the  iron 
after  being  puddled,  and  reheated  and 
rolled  three  times,  bears  a  tensile  strain 
of  22  tons  per  sq.  in.  In  this  furnace  the 
puddled  ball,  when  reheated  and  rolled 
once,  broke,  never  under  23  tons,  and  often 
at  2G  to  28  tons  per  square  inch,  and  these 
latter,  when  hardened,  38  and  45  tons  per 
square  inch  respectively  were  resisted  before 
fracture.  The  high  quality  of  iron  is  be- 
lieved by  the  inventor  to  be  obtainable  at 
will,  but  he  considers  that  the  subject  re- 
quires further  investigation  both  chemically 
and  mechanically. 
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From  "the  Engineer.' 


There  is  no  question  but  that  the  em- 
ployment of  steam  on  a  large  scale,  as  a 
substituted  motive  power  for  water,  and 
the  superseding  of  inland  navigation  by 
railways,  have  gradually  paved  the  way  for 
an  almost  complete  neglect  of  the  utilita- 
rian resources  of  our  rivers  and  streams. 
If  the  .evil  of  regarding  in  this  light  the 
water  power  of  a  country  were  to  end  here, 
the  worst  that  could  be  said  would  be  that  we 
Vol.  IX— No.  1-5 


were  blind  to  those  advantages  which  were 
placed  gratuitously  at  our  disposal,  and 
committed  an  enormous  waste  in  the  adop- 
tion of  artificial  means  when  natural  ones 
were  at  our  command.  But  a  neglect  of 
the  powers  of  nature  does  not  end  here. 
To  render  them  subservient  to  the  use  and 
benefit  of  mankind,  they  must  be  brought 
into  subjection.  If  left  free  and  uncon- 
trolled they  exert  their  potent  influence  in 
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the  wrong  direction,  and  ravage  and  de- 
stroy where  they  ought  to  beautify  and 
fertilize.  The  clearing  of  forests,  so  that 
the  sun  may  shine  and  the  wind  blow  over 
the  land,  the  drainage  of  marshes,  the  em- 
bankment of  rivers,  and  the  cultivation  of 
the  soil,  are  the  first  duty  of  colonists,  and 
the  inevitable  prelude  to  civilization.  Were 
any  proof  required  of  the  disastrous  conse- 
quences of  the  laissez  oiler  system,  so  far 
as  rivers  and  streams  are  concerned,  it  is  to 
be  found  in  the  terrible  inundations  which, 
during  the  latter  part  of  the  autumnal 
season,  commit  so  serious  an  amount  of  in- 
jury to  property  and  individuals,  not  only  in 
our  own  country  but  also  on  the  Continent 
generally.  The  subscriptions  which  have 
been  raised  in  our  metropolis  for  the  relief 
of  those  who  have  suffered  in  foreign 
countries  from  the  depredations  of  their 
livers,  afford  a  tolerably  accurate  clue  to 
the  severity  of  their  misfortunes.  We 
cannot  help  remarking  here,  that  however 
praiseworthy  charitable  motives  of  any  kind 
are,  there  is  such  an  axiom  as  "  looking  at 
home  first."  Moreover,  alleviation  is  no 
cure,  and  having  regard  solely  to  our  own 
annual  losses  from  the  same  cause,  it  is 
evident  that  the  proper  plan  of  dealing 
with  the  evil,  which  is  certain  and  inevita- 
ble in  its  advent,  is  not  by  periodical 
eleemosynary  assistance.  At  the  best,  a 
temporary  mitigation  of  the  effect  is  all  that 
is  accomplished.  The  real  cause  remains 
as  active  as  ever,  and,  like  every  other 
destructive  power,  increases  in  magnitude 
and  violence  with  each  succeeding  year  in 
which  it  is  permitted  to  commit  its  ravages 
with  impunity.  In  our  opening  article  for 
the  present  3rear  we  briefly  touched  upon 
this  important  subject,  and  we  shall  now 
consider  a  little  more  in  detail  the  difficul- 
ties that  have  to  be  encountered  and  over- 
come in  practically  dealing  with  the  ques- 
tion of  floods  in  an  engineering  point  of 
view. 

In  the  investigation  of  this  subject  several 
opinions  formed  of  the  causes  which  mainly 
conduce  to  the  occurrence  of  floods,  will 
appear  somewhat  paradoxical ;  but  a  dis- 
tinction must  in  some  instances  be  made 
between  works  carried  out  for  the  improve- 
ment of  the  navigation  of  a  river  and  those 
intended  to  prevent  its  periodical  inunda- 
tions. Navigable  rivers,  although,  as  a 
rule,  more  under  control  than  unnavigable 
ones,  nevertheless  "flood"  very  exten- 
sively.    When  more  water  is  brought  down 


a  river  than  its  channel  can  contain,  and 
when  it  accumulates  faster  than  it  is  ca'  ried 
off,  the  river  "  floods."  It  must  be  borne 
in  mind  that  the  ultimate  destination  of  all 
water  brought  into  a  river  is  the  sea,  save 
what  is  lost  by  absorption  and  evaporation. 
It  may  seem  a  little  curious  that  the  culti- 
vation of  land— an  indispensable  accom- 
paniment of  civilization — is  asserted  to  in- 
crease the  tendency  of  rivers  to  overflow 
their  banks.  It  is  stated  that  the  more 
extensive  the  cultivation  the  less  the  evapo- 
ration, and  the  greater  the  surface  and 
subsoil  drainage.  Not  only  does  more 
water  find  its.  way  into  the  rivers,  but,  what 
is  of  much  greater  consequence,  it  accumu- 
lates there  with  far  greater  rapidity  than 
that  with  which  it  can  be  carried  away, 
and  the  result  is  that  directly  a  low-lying 
district  is  reached  an  inundation  takes 
place.  There  is,  no  doubt,  some  truth  in 
this  supposition  ;  but,  even  so,  it  acts  as  a 
comparatively  feeble  cause  in  promoting 
the  whole  extent  of  the  evil.  At  any 
rate,  the  remedy  must  be  sought  else- 
where than  in  the  suppression  or  dimi- 
nution of  the  cultivation  of  land.  What- 
ever may  be  the  real  effect  produced  by  it 
on  rivers,  it  must,  as  a  cause,  remain,  and 
means  must  be  taken  to  accommodate  the 
rivers  to  it  so  as  to  nullify  any  injurious  ac- 
tion it  may  produce.  Paradoxical  as  it 
may  seem,  there  can  be  no  question  but  that 
the  partial  embankment  of  a  river  very 
materially  assists  in  the  production  of  floods. 
Were  a  river  completely  embanked  from  its 
source  to  its  embouchment,  at  all,  or  at  a 
very  large  number  of  the  points  where 
banks  were  necessary,  the  tendency  to  in- 
undation would  be  considerably  diminished. 
But  while  exceedingly  useful  and  benefici  J 
to  the  particular  portion  of  country  lying 
on  each  side  of  it,  a  river  embankment  is 
anything  but  serviceable  to  those  parts 
situated  either  above  or  below  it.  For  ex- 
ample, the  volume  of  water  coming  down 
stream,  which  was  formerly  allowed  to 
spread,  is  pent  up  in  the  contracted  chan- 
nel of  the  river.  At  the  commencement  of 
this  artificial  vena  contractu  a  check  must 
take  place  to  the  flow  of  the  water,  which, 
in  the  case  of  a  large  quantity,  results  in  a 
backing  up  of  that  part  of  the  river  above 
it,  and  a  possible  overflow.  Again,  the 
water  which  passes  through  the  embanked 
channel  acquires  a  greater  velocity  than 
that  which  it  had  previously,  and  leaves 
the   channel  with   a   rush,  which  may  ai&o 
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cause  it  to  overflow  on  banks  placed  at  a 
lower  level.  It  was  formerly  considered 
that  one  of  the  first  steps  towards  the  im- 
provement of  a  river  was  to  "  take  the 
elbows  out  of  it."  In  other  words,  to  cut 
through  the  bends  and  make  the  stream 
flow  along  the  chord  of  the  arc  instead  of 
along  the  arc  itself.  A  navigable  river 
should  evidently,  similarly  to  a  railway,  be 
a-;  straight  as  circumstances  will  permit. 
B  it  Mr.  Ellet,  who  made  an  elaborate  re- 
port some  years  ago  on  "  The  Mississippi 
and  Ohio  "Rivers,"  and  who  is  quoted  by 
Mr.  David  Stevenson  as  an  authority  on 
such  subjects,  contends  that  this  so  called 
improvement  is  no  improvement  at  all,  so 
far  as  the  prevention  of  floods  is  concerned. 
On  the  contrary,  he  maintains  that  straight 
cuts  across  the  bends  of  rivers  tend  to  pro- 
duce inundations,  inasmuch  as  they  shorten 
the  distance  of  the  flow  of  the  water,  while 
at  the  same  time  they  increase  the  slope 
and  the  velocity.  A  volume  of  water  accumu- 
lates, therefore,  more  rapidly  in  the  lower 
part  of  the  river  under  these  conditions 
than  previous  to  their  existence.  When 
the  rivers  are  of  sufficient  magnitude  to 
allow  of  the  formation  of  deltas  they  act  as 
serious  obstructions  in  the  lower  part  of 
the  stream,  since  they  decrease  the  velocity 
of  the  current  and  retard  the  flow  of  the 
water  to  the  sea. 

Whatever  means  may  be  adopted  for  im- 
proving rivers  subject  to  floods,  they  must 
not  be  of  a  partial  or  imperfect  nature. 
Unless  the  evil  be  grappled  with  in  its  en- 
tirety, it  may  as  well  be  left  alone.  Em- 
bankments are  the  great  need,  and  the  next 
is  dredging.  This  latter  remedy  is  an  ex- 
pensive one,  and,  moreover,  one  which  does 
not  appear  to  confer  the  same  tangible 
benefits  as  the  former.  The  value  of  an 
embankment,  which  prevents  land  from  be- 
ing flooded  which  was  annually  in  that  con- 
dition, is  self-evident  to  the  proprietor,  but 
thb  result  of  dredging  operations,  although 
equally  advantageous,  is  not  so  palpably 
manifest  With  resrect  to  leaving  the  el- 
bows in  a  stream  instead  of  cutting  them  off, 
we  differ  somewhat  in  opinion  from  Mr. 
Ellet,  provided  the  principle  be  adopted  of 
improving  the  river  throughout  its  whole 
course.  But  if  the  improvements  are  con- 
fined to  particular  parts  only  of  the  channel, 
especially  if  the  parts  in  the  neighborhood 
of  the  bends  are  left  unaltered,  it  will  then 
be  certainly  more  judicious  to  let  the  bends 
albO  remain  in  a  similar  state.     It  is  worth 


remarking  that  it  is  not  a  necessary  sequence, 
that  because  a  new  channel  is  made  for  a 
river  it  will  continue  to  flow  in  it.  Rivers 
are  extremely  capricious  in  their  behavior 
in  this  respect.  They  wrll  frequently  en- 
deavor to  find  their  way  again  along  the  old 
bed,  and  if  defeated  in  the  attempt  will  cut 
out  another  channel  for  their  waters,  rather 
than  avail  themselves  of  that  which  has 
been  artificially  prepared  for  them.  River 
improvements,  if  intended  to  be  effectually 
carried  out,  should  be  commenced  at  or 
near  the  mouth,  and  continued  progres- 
sively up  stream.  All  additional  flooding 
in  consequence  of  the  works  or  during  their 
progress,  would  be  thus  prevented,  as  their 
immediate  effect  would  be  to  assist  the  flow 
of  the  water  towards  its  natural  outlet.  A 
careful  examination  of  that  part  of  the 
course  of  our  rivers  situated  near  the  mouth, 
would  point  out  that  many  of  them  are 
much  too  contracted  to  carry  off  the  quantity 
of  water  which  comes  pouring  down  at 
certain  seasons  of  the  year.  Besides  the 
narrowness  of  the  channels  in  these  parts, 
the  bottom  frequently  becomes  silted  up,  so 
that  the  depth  and  the  velocity  of  the  current 
are  considerably  diminished.  These  por- 
tions of  the  course  of  some  of  our  rivers 
would  require  very  extensive  dredging. 
The  construction  of  weirs,  especially  those 
placed  obliquely  across  the  stream,  have 
proved  by  experience  to  be  of  great  advan- 
tage in  the  upper  part  of  a  river.  They 
have  been  employed  in  the  Severn  and  the 
Shannon,  and  have  afforded  most  satisfactory 
results.  Lately  some  important  works  have 
been  undertaken  with  regard  to  the  im- 
provement of  the  Rhine,  which  presented 
some  serious  difficulties,  insomuch  as  the 
floods  were  of  both  a  sudden  and  violent 
character.  Occasionally  they  rose  in  the 
short  period  of  24  hours  to  a  height  of  neat  ly 
40  ft.  The  principal  works  consisted  of  the 
formation  of  dams  or  weirs,  at  convenient 
points  in  the  stream,  and  the  taking  out  of 
the  bends  by  straight  cuts. 

Aith6\igh  every  tenant  and  proprietor  of 
land  must  be  aware  of  the  urgent  necessity 
that  exists  for  preventing  the  annual  inun- 
dations which  cause  so  much  damage  in  a 
variety  of  ways,  yet  it  is  hopeless  to  expect 
that  they  will  voluntarily  make  any  united 
movement  in  the  matter.  Without  union 
not  only  would  any  remedy  be  imperfect, 
but  the  attempt,  to  a  certain  extent,  would 
be  unfair.  It  would  be  unjust  for  one  per- 
son to  pay  the  whole  cost  of  a  work  which 
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would  benefit  his  neighbor  more  than  him- 
self, the  said  neighbor  declining  to  bear  any 
portion  of  the  expense,  knowing  very  well 
that  the  result  of  the  improvements  must 
be  advantageous  ^to  his  property.  The  pro- 
per method  of  raising  the  necessary  funds 
for  carrying  out  what  would  be  a  great  na- 
tional work  is  to  levy  a  tax  on  the  riparian 
landowners  of  every  river,  and  apportion 
the  assessment  according  to  the  respective 
acreages  liable  to  be  flooded.  The  assess- 
ment should  be  made  on  the  number  of 
acres  belonging  to  each  proprietor,  and  Dot 
on  the  river  frontage  he  might  happen  to 
possess,  because  in  the  latter  case  many 
owners  would  escape  contributing  to  the 
general  rate,  as  their  land,  although  equally 
open  to  floods,  might  not  be  within  several 
hundred  yards  of  the  river  banks.  But  a 
very  small  expense  would  attend  the  ascer- 
taining of  the  liability  of  each  owner,  as  the 
limits  of  floods  could  be  readily  ascertained 
by  the  non-commissioned  officers  and  men 
of  the  Royal  Engineers  wh(  n  engaged  in 
the  held  in  correcting  the  Ordnance  maps. 
The  points  marking  the  flood  limits  could 
be  sketched  in  at  once  on  the  plans,  and 
the   area  subsequently  determined  in  the 


office  in  an  equally  easy  manner.  The  data 
upon  which  to  base  the  assessment  having 
been  obtained,  commissioners  might  be  ap- 
pointed by  Government  to  hear  evidence, 
settle  disputes,  and  adjust  conflicting  inter- 
ests. On  the  supposition  that  in  order 
effectually  to  prevent  the  occurrence  of 
floods  it  would  be  necessary  to  embank  the 
whole,  or  nearly  the  whole,  channel  of  the 
river,  it  is  obvious  that  there  would  be  some 
proprietors  whose  lands  might  have  a  river 
frontage  and  yet  not  be  subject  to  floods. 
Whether  they  should  be  called  upon  to  pay 
as  well  as  their  neighbors,  and,  if  ^o,  in 
what  proportion,  would  be  a  question  to  be 
settled  by  the  arbitrators.  There  is  not  the 
slightest  doubt  but  that  this  enterprise  ought 
to  be  carried  out.  As  a  nation,  it  is  a  dis- 
grace that  we  should  year  after  year  wit- 
ness with  complete  ap.-ithy  a  destructive 
agency  at  work  without  raising  a  finger 
against  it.  We  are  not  a  whit  better  than 
the  indolent  Oriental  fatalists,_  who,  rather 
than  make  the  least  attempt  to  divert  a 
stream,  allow  it  to  sweep  away  entire  vil- 
lages, and  cloak  their  laziness  and  cowardice 
under  the  flimsy  disguise  of  submission  to 
the  will  of  Providence. 
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"  From  the  Building  News. 


Numberless  experiments  have  been  made 
to  ascertain  the  strength  of  timber.  Hodg- 
kinson,  Barlow,  Hatfield,  etc.,  and  more 
lately,  Captain  Eowke,  R.  E.,  have  all  paid 
attention  to  the  subject,  and  written  more  or 
less  voluminously  on  the  matter,  and  it  re- 
quires long  and  patient  study  of  the  differ- 
ent conditions  under  which  their  experi- 
ments were  made,  to  arrive  at  anything  like 
correct  conclusions.  Timber  is  so  much  af- 
fected by  external  or  internal  conditions, 
that  it  is  difficult  to  find  two  pieces  giving 
the  same  result,  but  all  experiments  have 
been  made  on  wood  which  to  all  appear- 
ance was  good  and  sound  —  a  difficult  mat- 
ter always  to  ascertain.  For  instance,  a 
plank  wholly  or  in  part  formed  from  sap- 
wood  would  break  under  strain  much  soon- 
er than  one  taken  from  the  heart,  because 
the  sapwood  is  imperfectly  formed  timber, 
which  requires  time  to  develop  Then 
again,  the  heartwood  is  the  best  only  when 
the  tree  is  young.  At  maturity,  the  timber 
s  equally  good  in  every  place,  and  when  in 


age,  the  heartwood  is  the  first  to  decay,  so 
that  in  the  latter  case,  the  wood  just  inside 
the  bark,  where  sapwood  is  found  in  its 
youth,  is  the  best  part  of  the  tree.  Of  late 
years,  the  cargoes  from  European  timber 
ports  have  contained  so  much  sapwood  that 
it  was  evident  there  had  been  reckless  fell- 
ing. Carriage  to  the  sea  had  become  so 
very  expensive  in  some  places,  that  the 
question  seems  to  have  been  how  to  get  a 
shipload  as  near  as  possible  to  the  port, 
and  young  trees  have  been  felled  which 
ought  to  have  been  left  standing  for  many 
years  longer.  The  American  wood  has 
been  comp  natively  free  from  sap,  the  vast 
extent  of  her  gigantic  forests  giving  great- 
er facilities  for  the  wood  to  mature.  Mr. 
Juhn  Anderson,  C.  E.,  a  very  good  authori- 
ty, says :  "  The  strength  of  many  woods  is 
nearly  doubled  by  the  process  of  seasoning  ; 
hence  it  is  very  thoughtless  to  use  timber  in 
a  green  state,  as  it  is  not  only  weak,  but  is 
exposed  to  continual  change  of  bulk,  form, 
and  stability.     After  timber  is  cut,  and  be- 


QUALITY    AND    STRENGTH    OF    TIMBER. 


69 


fore  it  is  properly  seasoned,  the  outside  is 
found  to  crack  and  to  split  more  than  the 
inside  of  the  mass,  because  it  is  more  ex- 
posed to  the  desiccating  effect  of  the  sur- 
rounding atmosphere ;  but  as  the  outside 
dries,  the  air  gradually  finds  its  way  to  the 
interior.  If  timber  is  cut  up  by  the  saw 
when  green,  and  allowed  to  season  or  dry 
in  a  gradual  manner,  it  is  found  to  be  the 
most  durable.  Unfortunately,  however,  it 
is  to  be  feared  that  most  of  the  green  wood 
imported  into  England  is  used,  so  far  as  the 
cheaper  kinds  are  concerned,  almost  at 
once,  or  at  any  rate  before  it  is  properly 
seasoned.  Such  wood  is  bought  for  its 
cheapness,  and  to  keep  it  a  long  time  would 
be  materially  to  add  to  its  cost,  and  if  peo- 
ple will  insist  on  taking  the  lowest  tender 
for  their  work — and  we  all  know  what  a 
monstrous  difference  there  often  is  between 
the  highest  and  the  lowest — they  must  ex- 
pect to  have  warped  joists  and  shrunken 
flooring  in  their  nouses.  In  the  arts,  arti- 
ficial drying  is  often  resorted  to,  as  in  the 
case  of  gun  stocks.  These  are  put  into  a 
desiccating  chamber,  where  a  current  of  air 
at  90  or  100  deg.  is  passed  over  them  at 
such  a  rate  as  to  change  the  whole  volume 
of  air  every  three  minutes,  and  it  is  found 
that  a  year  of  seasoning  may  thus  be  saved. 
The  walnut  wood  is  as  good  after  this  pro- 
cess as  if  the  seasoning  had  been  accom- 
plished by  time  and  exposure,  and  works 
more  smoothly  under  the  cutting'  instru- 
ment of  the  stock  machinery.  It  cannot  be 
to.)  widely  known  that  a  plank  cut  from  the 
sap  or  imperfect  wood  for  years  will  shrink 
in  the  breadth,  and  if  cut  from  heart- wood, 
it  will  shrink  in  thickness,  keeping  the  full 
dimension  in  the  middle  and  tapering  to 
the  edges.  By  observing  from  which  part 
of  a  tree  the  wood  has  been  cut,  which  may 
be  ascertained  by  examining  the  end,  the 
future  behavior  of  a  deal  may  be  safely 
predicted,  and  the  evils  of  shrinking  in  a 
great  measure  prevented ;  for,  although 
there  is  a  modification  of  iiiis  law  in  the 
case  of  spruce,  yellow  pine,  and  other  soft 
woods,  such  as  are  used  for  building  pur- 
poses, still  for  all  practical  purposes  the 
same  rule  applies. 

The  ultimate  cohesion  or  tensile  strength 
of  the  ordinary  descriptions  of  timber  in  use 
is  given  by  Barlow,  Bevan,  and  Muschen- 
broek  as  follows,  the  ultimate  tenacity  be- 
ing given  in  pounds  per  sq.  in.  of  section : 

A«h    from  19,600  to  15.784 

B^och "     22,200  "  11,500 


Elm from  14,  400  to  13,489 

Fir "    18.100"     7,000 

Do.  American 12,0  0 

Do.  Memel 11,000 

Do  Riga 12,6)0 

Oak from  19,800  to    9,000 

Do.  English  15,000 

Do.  African 14,400 

Do.  Canadian 12,000 

Do   Dantzig 14,500 

Teak  •.  from  15,000  to    8,200 

Mr.  Anderson  gives  a  most  useful  table. 
He  takes  the  experiments  of  Tredgold,  Bar- 
low, Ebbels,  and  others  as  a  basis,  and 
shows  what  the  calculated  breaking  weight 
in  pounds  of  a  beam  1  ft.  long  and  1  in. 
square  is,  of  the  following  descriptions  of 
wood:  Ash,  595  to  810  lbs.;  beech,  518 
to  704  lbs. ;  elm,  337  to  540  lbs. ;  Ameri- 
can fir,  483  to  570  lbs. ;  Christiania  fir,  4S9 
to  686  lbs. ;  Alemel  fir,  545  to  577  lbs. ; 
Riga  fir,  §82  to  530  lbs  ;  Canadian  oak,  572 
to  589  lbs.;  Dantzig  oak,  392  to  659  lbs.; 
English  oak,  420  to  964  lbs.;  and  Teak  642 
to  1,075  lbs.  These  beams  are  supposed  to 
be  supported  at  each  end,  and  loaded  in 
the  centre.  There  is  much  difference  in  all 
such  tables,  arising  partly  from  the  differ- 
ent nature  of  wood,  even  when  brought 
over  in  the  same  ship,  and  also  from  the 
different  manner  in  which  experiments  are 
carried  out ;  but  as  they  stand,  they  are  very 
useful  to  all  interested  in  the  building  trade. 

Good  Riga,  Memel,  or  Dantzig  timber 
has  always  been  preferred  for  beams,  and 
when  the  piles  employed  at  the  Thames 
Embankment  were  drawn  and  put  up  to 
auction,  there  was  some  biisk  competition 
amongst  builders  for  them,  as  they  had 
been  well  selected,  and  were  little  the  worse 
for  being  used.  They  were  Dantzig,  for 
*the  most  part,  and  some  of  these  very  piles 
were  worked  up,  a  week  or  two  afterwards, 
into  some  large  houses  on  the  Westminster 
estate,  and  no  doubt  will  last  all  the  longer 
for  their  being  immersed  for  such  a  time  in 
water.  Red  pine  used  to  be  employed  very 
largely  for  beams,  etc.,  but  hardly  any 
comes  to  this  market  now,  and  Swedish 
timber,  which  resembles  it,  is  hardly  safe 
for  heavy  weights. 

Although  iron  is  extensively  used  for  pur- 
poses where  strength  is  of  great  importance, 
still  the  import  of  timber  goes  on  increas- 
ing year  by  year,  so  that  there  is  no  fear 
but  that  all  the  information  we  can  get  re- 
specting it  is  still  needed.  There  are  many 
curious  laws  affecting  the  stability  of  beams. 
For  instance,  their  resistance  to  a  sudden 
weight  falling  on  them  follows  a  very  diffe- 
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rent  law  from  that   which   regulates   their 
strength.     The  experiments  of  the  Railway 
Commissioners  show  that  a  beam  12  ft.  long 
will  only  support  half  of  the    steady   load 
that  a  beam  6  ft.  long  of  the  same  square 
will  support ;  but  that  it  will   bear  double 
the  weight   suddenly    applied ;   or,    if   the 
same  weights  are  used,    the  longer   beam 
will  not  break  by  the  weight   falling  upon  | 
it,  unless  it  falls  through  twice  the  distance 
required  to  fracture  the  shorter  beam.  This 
supposes  that  the  timber  is  of  precisely  the  I 
same  nature,  for  it  is  by  the  longer  beam  i 
bending  that  it  supports  the    fallen  weight  j 
without  fracture.     To  conclude,  the  relative  j 


strength  of  a  girder  or  beam,  so  far  as  it 
depends  on  the  manner  in  which  it  is  load- 
ed and  supported,  is  very  simply  expr 
by  Mr.  Anderson,  C.  E.  Taking  a  girder 
of  a  given  span,  the  load  may  vary  in  the 
ratio  of  1  to  8,  according  to  the  different 
ways  in  which  the  girder  is  supported  and 
the  load  distributed. 

Relative 
Position  of  support  and  load.  Strength. 

When  supported    at    one   end   and  loaded  at 
the  othor 1 

When  supported   at    one    end,  and  load  dis- 
tributed          2 

When  supported  at  both  ends,  and  loaded  at 
centre 4 

And  when    supported  at  both  ends  and  load 
distributed  8 
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From    "Iron. 


As,  in  the  opinion  of  some  philosophers, 
the  coal-fields  of  England  are  destined  to 
prompt  extinction,  it  is  not  uninteresting  to 
inquire  what  will  become  of  Britannia  at 
the  end  of — according  to  the  widely  differ- 
ent estimates  of  various  cognoscenti — 100, 
300,  or  1000  years.  If,  as  we  have  been 
told  usque  ad  nauseam,  the  mercantile 
supremacy  of  England  depends  less  upon 
the  active  energy  and  dogged  obstinacy  of 
her  children,  than  upon  the  accidental 
possession  of  vast  fields  of  coal,  the  ex- 
haustion of  our  coal-pits  threatens  to  hum- 
ble the  "  Lords  of  human-kind,"  and  to  re- 
duce their  pride  of  port  to  absolute  zero. 

From  a  cosmopolitan,  rather  than  from 
an  English  point  of  view,  the  outlook  is  by 
no  means  disheartening.  During  the  year 
1872,  the  United  States  of  America  pro- 
duced 41,491,135  tons  of  coal,  or  about  one- 
third  of  the  total  product  of  the  United 
Kingdom.  These  figures  show  an  increase 
of  3,000,000  tons  over  the  output  of  1871. 
About  one-half  of  the  total  was  composed 
of  anthracite,  or  "hard  coal,"  the  remaiu- 
der  being  bituminous,  or  "soft  coal." 
There  is  little  room  for  doubt  that  the  coal 
supply  of  the  United  States  could  be 
greatly  increased,  were  it  not  that  the  dis- 
proportionate price  of  labor  acts  as  a  check 
upon  production. 

But  the  coal-fields  of  Pennsylvania — 
vast  as  they  are — shrink  into  insignificance 
when  compared  with  those  of  China.  The 
coal-fields  of  the  Celestial  Emp're  cover  an 
area  of  400,000  square  miles  :  about  33 
times    the   extent   of  those   British   stores 


which  have  sufficed  to  make  this  country 
the  workshop  of  the  world.  In  the  great 
province  of  Hunan,  a  coal-field  extends 
over  an  area  of  21,700  square  miles. 
Hunan  boasts  of  two  distinct  coal  beds,  one 
bearing  bituminous  coal,  and  the  other 
anthracite — the  latter  being  favorably 
situated  for  water  transit,  covering  an  area 
equal  to  that  of  the  anthracite  coal-fields  of 
Pennsylvania,  and  yielding  anthracite  of 
the  best  quality.  The  province  of  Shansi 
possesses  the  enormous  coal-area  of  30,000 
square  miles.  This  is  capable  of  supplying 
the  whole  world  for  thousands  of  years, 
even  at  the  present  rapid  rate  of  consump- 
tion. The  beds  vary  from  12  to  3D  ft.  in 
thickness,  while  the  system  of  coal-bearing 
strata  in  Shansi  is  about  500  ft.  in  thick- 
jiess,  and  has  every  facility  for  mining. 
An  immense  supply  of  iron  ore  adds  to  the 
mineral  wealth  of  this  great  province.  Ac- 
cording to  Baron  Bichthofen,  only  one  kind 
of  iron  ore  is  used  by  the  Chinese:  "a 
mixture  of  clay  iron  ore  and  spathic  ore, 
together  with  limonite  and  hematite " 
which  occurs  in  "irregular  accumulations 
in  certain  limestone  strata  at  the  bottom  of 
the  coal  formation."  All  kinds  of  material 
lie  ready  at  hand.  "  The  few  hundred  feet 
of  coal-formation  furnish:  first,  an  irou 
ore  of  great  purity,  rich  in  metal,  and 
easily  fusible  ;  second,  all  sorts  of  clay  and 
sand,  such  as  are  required  for  crucihles, 
moulds,  etc. ;  third,  a  very  superior 
anthracite." 

It  may  appear  strange   that — possessing 
all    these   advantages,    and   lying   amid   a 
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population  of  200,000,000  of  the  most  in- 
dustrious, most  orderly,  and  most  acquisi- 
tive people  in  the  world — the  coal-fields  of 
China  have  yet  been  turned  to  little  ac- 
count. A  little  trade  is  carried  on  in  the  prov- 
ince of  Szechuen,  in  the  northern  province 
of  Chih-li,  and  in  Manchuria.  In  Hunan 
sufficient  coal  is  produced  to  feed  such  dis- 
tant markets  as  may  be  reached  by  river  or 
canal  boats,  but,  in  point  of  fact,  China — 
possessing  more  coal  than  any  country  in 
the  world — is  actually  a  large  importer  of 
both  coal  and  iron.  The  reasons  for  this 
curious  state  of  things  are  twofold.  Firstly, 
the  mode  of  working  is  at  once  tremendous- 
ly severe  and  ludicrously  ineffectual :  the 
shafts  are  not  perpendicular,  but  are  in- 
clined planes,  four  or  five  hundred  ft.  in 
length,  running  down  a  slant  of  about  45 
deg.  Mr.  Adkins,  British  Consul  at  New- 
chang,  Gulf  of  Pechili,  describes  the  men 
as  carrying  the  coal  up  this  slant  in  bas- 
kets, one  being  attached  to  each  end  of  a 
short  carrying-pole,  which  is  borne  upon 
the  left  shoulder.  The  shafts  are  nearly  7 
ft.  high,  and  about  the  same  breadth,  with 
a  wooden  roof,  beams  on  both  sides  for  sup- 
port, and  wood  along  the  floor,  so  arrang- 
ed as  to  form  steps  up  which  the  miner 
with  his  load  pulls  himself  by  catching  the 
projection  of  a  step  above  him  with  a  small 
curved  staff,  which  he  carries  in  his  right 
hand.  This  barbarous  method  proves  ex- 
pensive, even  in  a  country  where  labor  is 
cheap ;  but  the  primitive  nature  of  the  min- 
ing operations  is  a  small  drawback  when 
compared  with  the  second  great  difficulty — 
that  of  conveyance.  The  coal  districts  re- 
ported upon  by  Mr.  Adkins  are  only  100 
miles  in  the  interior  of  the  country.  By 
the  time  the  coal  reaches  Newchang  it 
fetches  from  31s.  6d.  to  49s.  6d.  per  ton. 
The  quality  is  excellent,  but  the  price  is 
tremendous,  and  the  difficulties  attending 
the  transit  from  the  mines  to  Ying-tze,  the 
port  of  Newchang,  are  so  great  as  to  de- 
prive the  place  of  all  chance  of  becoming  a 
coaling  station  for  steamers — a  grtat  desid- 
eratum in  northern  Chinese  waters. 

Tartar  dynasty,  competitive  examination, 
and  the  iron  rule  of  a  bureaucracy,  are 
small  impediments  in  the  way  of  Chinese 
progress,  when  compared  with  the  almost 
entire  absence  of  roads.  The  much  talked 
of  system  of  canals  is  confined  to  the  lower 
basin  of  the  Yangtsze.  In  this  section  of 
the  country,  the  land  is  cut  up  into  a  series 
of  insular  blocks  by  canals,  which  supply  a 


means  of  transport — slow,  perhaps,  but  un- 
surpassed both  for  safety  and  for  cheapness. 
But  this  network  covers  but  a  comparative- 
ly small  part  of  China,  and  the  primitive 
mode  of  navigation  at  the  disposal  of  the 
natives,  causes  half  the  advantages  of  the 
natural  waterway  to  be  lost.  Where  steam- 
boats have  been  introduced,  the  trade  has 
quadrupled,  as  these  vessels  not  only  achieve 
an  immense  amount  of  work,  but  afford  an 
almost  perfect  security  from  piracy — the 
bane  of  Chinese  commerce. 

Roads  are  simply  in  a  state  of  nature. 
Mere  lines  of  deep  ruts  mark  the  track  of 
the  primitive  vehicles  of  the  country.  By 
the  time  that  these  ruts  render  the  track 
impassable,  the  rain  steps  in  and  washes 
them  level  again,  the  sun  hardens  the 
slushy  mass,  and  this  natural  process  of  re- 
pair is  deemed  sufficient  for  the  wants  of 
man. 

These  primitive  roads  are  traversed  by 
equally  primitive  vehicles.  In  some  prov- 
inces an  imperfect  service  is  performed  by 
the  means  of  two-wheeled  vehicles,  but 
these  indications  of  civilization  give  way  in 
the  central  provinces  to  the  one-wheeled 
carriage  — the  primeval  wheelbarrow;  and 
in  the  hilly  districts,  these  rude  machines  are 
again  forced  to  give  way  to  beasts  of  bur- 
den. The  Chinese  wheelbarrow  is  a  pecu- 
liar machine.  Under  favorable  circum- 
stances Eolus  is  pressed  into  the  service ;  a 
sail  is  hoisted  and  the  efforts  of  an  entire 
Chinese  family,  aided  by  a  favorable  breeze, 
sometimes  drive  a  wheelbarrow  30  miles  a 
day.  As  land  freight  costs  from  twenty  to 
forty  times  as  much  as  carriage  by  water, 
it  is  not  difficult  to  see  why  the  cost  of  con- 
veyance makes  the  working  of  coal  and 
iron  mines  practically  impossible.  In  the 
province  of  Shansi,  coal  which  costs  Is.  per 
ton  at  the  mine,  rises  to  24s.  at  the  distance 
of  30  miles,  and  to  over  42s.  at  a  distance 
of  60  miles,  so  that  only  those  who  live 
almost  at  the  pit's  mouth  derive  any  benefit 
from  the  coal  mines  of  the  Celestial  Empire. 
This  difficulty,  amounting  almost  to  im- 
possibility of  transit,  presses  with  equal 
weight  upon  every  department  of  Chinese 
industry.  The  crops  are  splendid,  but 
there  are  no  means  of  reaching  the  market, 
and  the  apathy  produced  by  the  want  of 
means  of  transit  amply  explains  why  famine 
is  a  chronic  scourge  in  the  land  of  plenty. 

Of  all  the  fields  open  to  British  enterprise, 
China  is  undoubtedly  the  richest.  Untold 
mineral  wealth  lies  dormant  in  the  earth, 
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and  only  awaits  the  vivifying  touch  of  King 
Rail.  The  introduction  of  a  railway  system 
into  China  would  not  only  enrich  the  pro- 
prietors, but  would  confer  immeasurable 
benefit  on  the  inhabitants  of  the  country. 
It  has  been  proposed  to  tap  the  great  pro- 
vince of  Hunan  by  extending  a  railway 
from  "Upper  Burmah  to  the  confines  of  the 
Celestial  Empire,  and  the  project  has  this 
great  advantage — that  it  would  turn  the 
trade  of  a  vast  section  of  China  through  a 
British  province.  Chinese  exclusiveness  to 
the  contrary  notwithstanding,  there  is  little 


doubt  that  the  shriek  of  the  steam  whistle 
will,  within  a  few  years,   be  heard  within 
the  confines  of  the  Empire  of  the  Sun  and 
■  Moon.  „ 

Thus  the  whirligig  of  time  brings  about 
:  its  revenges.  The  whilom  empire  of  Timur 
\  is  destined  ere  long  to  become  a  network 
I  of  railways  built  of  English  iron  and  driven 
j  by  English  coal.  May  not  the  island,  once 
parcelled  out  among  his  followers  by  a 
i  Norman  Duke,  draw,  at  some  future  time, 
|  its  supplies  of  coal  and  iron  from  the  land 
of  Confucius  ? 


KAILWAY  GKADIENTS. 

By  H.  HAUPT,  C.  E. 

Written  for  Van  Nostrand's  Magazine. 


The  paper  now  published  was  written  in 
1870,  as  part  of  a.  report  on  the  reconnais- 
ance  for  the  Shenandoah  Valley  Railroad  ; 
reference  was  made  to  it  in  the  published 
portion  of  the  report,  and  several  requests 
made  by  members  of  the  engineering  pro- 
fession for  copies,  which  could  not  be  con- 
veniently complied  with. 

As  the  article  is  not  precisely  in  proper 
shape  for  a  scientific  magazine,  and  as  the 
author  cannot  spare  the  time  required  to  re- 
write it,  this  explanation  may  possibly  be 
accepted  as  an  apology  for  defects. 

GRADIENTS. 

Two  important  objects  should  be  sought 
in  the  arrangement  of  the  gradient  on  any 
important  line  of  road,  and  these  are  economy 
in  construction  and  in  operation. 

To  understand  the  propriety  of  the  pro- 
posed recommendations  it  is  necessary  to 
observe,  that  an  ordinary  run  of  a  locomo- 
tive is  about  100  miles  per  day,  but  it  is 
preferable  to  make  the  working  distances 
on  a  long  line  as  nearly  as  possible  50  miles, 
so  that  each  engine  will  travel  this  distance 
and  return. 

By  this  arrangement  the  repair  shops 
will  be  located  at  intervals  of  about  100 
miles.  Each  engine  will  receive  its  repairs 
at  the  same  shop,  so  that  accounts  can  be 
properly  kept  and  responsibility  fixed,  and 
at  the  end  of  each  run  of  50  miles  time 
is  afforded  for  a  thorough  examination 
and  adjustment  preparatory  to  the  return 
trip. 

The  load  of  an  engine  on  any  working 
division  of  50  miles  is  determined  by  the 


maximum  resistance  offered  by  grade  and 
curvature,  and  except  where  assistant  en- 
gines are  employed  no  greater  load  can  be 
carried  over  the  division  than  can  be  car- 
ried over  the  point  of  greatest  resistance. 
While,  therefore,  it  may  be  expedient  to 
make  large  expenditures  to  reduce  the 
maximum  resistances  on  any  division,  yet 
when  these  have  been  established  it  is 
not  proper  to  sacrifice  capital  by  reducing 
points  of  less  resistance,  as  not  a  single 
car  could  thereby  be  added  to  through 
trains,  or  any  appreciable  economy  of  opera- 
tion secured. 

The  angle  of  friction  is  that  on  which  a 
train  would  just  move  or  continue  in  mo- 
tion by  gravity  alone. 

T  lis  angle  has  been  practically  determin- 
ed by  the  actual  load  of  engines  on  different 
gradients  of  the  Pennsylvania  Railroad, 
where  the  eastward  trains  are  loaded  to  the 
capacity  of  the  engine3;  the  angle  of  friction 
was  thus  found  to  be  24  ft.  to  the  mile,  and 
the  gross  load  on  a  level  1,200  tons  with 
the  standard  engine  there  used. 

On  a  grade  of  24  ft.,  therefore,  the  power 
required  to  move  1,200  tons  would  be 
doubled,  or  an  engine  would  carry  but  600 
tons ;  on  a  grade  of  30  ft.  the  load  would  be 
541  tons ;  on  84  ft.  270  tons,  or  one-half 
the  load  on  30  ft. 

This  being  understood,  an  attenrpt  will  be 
made  to  prove,  contrary  to  the  generally  re- 
ceived opinion,  that  undulating  gradients 
below  the  limits  of  maximum  resistance  are 
not  objectionable,  and  that  while  admitting 
of  great  economy  of  construction  they  do  not 
materially  increase  the  coot  of  operation  as 
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compared  with  uniform  and  low  gradients 
"between  the  same  points,  also  that  the  use 
of  higher  gradients  for  part  of  a  given  dis- 
tance will  often  result  in  greater  economy 
of  operation  than  a  lower  and  uniform  gra- 
dient for  the  whole  distance. 

It  was  formerly  the  practice  of  Engineers 
to  compare  different  lines  of  railway  by  con- 
ceding a  given  amount  of  rise  and  fall  as 
equivalent  to  a  mile  of  distance.  This  is 
nut  correct  practice ;  the  profile  of  the  line 
and  the  direction  and  amount  of  tonnage,  or, 
in  other  words,  the  maximum  resistances 
and  their  distribution  over  the  line,  are  the 
elements  to  determine  questions  of  relative 
economy  of  operation;  the  rise  and  fall  affect 
the  question  very  slightly. 

If  the  maximum  resistances  can  be  con- 
centrated at  one  point  and  overcome  at  once 
with  the  aid  of  assistant  engines,  while 
lighter  gradients  in  favor  of  the  direction 
of  the  tonnage  prevail  on  all  the  rest  of  the 
route,  the  line  will  be  operated  cheaply, 
but  if  the  maximum  resistances  are  scat- 
tered over  the  whole  line  at  intervals  more 
or  less  remote,  the  operation  will  be  ex- 
pensive. 

In  the  sohition  of  problems  in  railway 
economics  it  is  not  safe  to  apply  general 
rules  or  principles  too  freely. 

Each  line  presents  a  problem  in  itself  the 
solution  of  which  should  depend  on  the 
particular  data  which  the  case- presents ; 
millions  of  dollars  have  been  sacrificed  by 
conforming  to  general  rules  and  theories 
when  circumstances  required  variations. 

As  a  case  in  illustration,  30  miles  of  a 
railroad  in  Massachusetts  were  located  on  a 
uniform  gradient  below*  the  maximum  re- 
si-stance  of  the  division,  and  if  constructed 
on  that  line  the  cost  would  have  exceeded 
a  million  and  a  half  of  dollars.  A  million 
doll  rs  were  saved  by  a  change  of  location 
and  of  gradients  which  did  not  reduce  the 
load  of  an  engine  over  the  division  a  single 
pound,  the  gradients  used  being  still  much 
below  the  limits  of  maximum  resistance  of 
the  other  portions  of  the  division. 

One  or  two  practical  illustrations  will  be 
given,  having  reference  to  the  system  of 
gradients  recommended  which  will  make 
this  subject  sufficiently  clear  to  the  practical 
reader.  Suppose  the  gradient  which  deter- 
mines the  load  of  an  engine  over  any  divi- 
siun  is  one  of  36  ft.,  to  the  mile,  and  that  it 
would  be  practicable  by  an  expenditure  not 
excessive  to  locate  a  portion  of  the  division 
with  a  uniform  ascending  gradient  of  6  ft. 


to  the  mile,  but  that  by  ascending  at  the 
rate  of  36  ft.  to  the  mile  for  five  miles  and 
descending  24  ft.  to  the  mile  for  the  re- 
maining distance  a  large  saving  could  be 
effected  in  construction.  There  are  few 
perhaps  who  would  not  make  a  sacrifice 
to  secure  the  lower  gradient,  and  yet  it  can 
be  shown  that  it  has  no  advantages  even 
in  economy  of  operation  over  the  undulating 
and  much  higher  gradient. 

A  6  ft.  gradient  requires  one  and  a 
quarter  the  power  required  on  a  level,  and 
in  10  miles  the  power  mav  be  expressed 
by  1J  X  10  =  125-  On  a"36  ^  gradient 
the  power  required  is  2|  times  that  on  a 
level,  and  for  5  miles  would  be  represented 
by  2|  X  ^  =  12|,  but  in  descending  the 
next  5  miles  at  the  rate  of  24  ft.  to  the  mile 
no  power  will  be  required,  as  gravity  will 
move  the  train  ;  therefore  the  whole  expen- 
diture of  power  in  passing  over  the  10  miles 
will  be  the  same  in  the  second  case  as  in 
the  first. 

Again,  assume  as  before  that  the  ruling 
gradient  which  determines  the  load  of  an 
engine  is  30  ft.  to  the  mile  and  that  an  ele- 
vation of  1,090  ft.  in  23  miles  may  be  over- 
come either  by  using  a  uniform  gradient  of 
47  £  ft.  for  the  whole  distance,  or  a  30  ft. 
gradient  for  15  miles,  and  an  80  ft.  gradient 
for  8  miles. 

At  the  same  cost  of  construction  a  major- 
ity of  engineers  would  adopt  the  uniform 
and  lower  gradient,  but  it  can  be  readily 
shown  that  the  higher  gradient  for  part  of 
the  distance  will  be  much  more  economical. 
As  the  engine  is  supposed  to  be  fully  loaded 
for  a  30  ft.  gradient,  any  increase  above  this 
limit  involves  the  use  of  additional  power, 
or  what  is  generally  done,  the  splitting  up 
and  reconstructing  of  trains.  If  assistant 
power  is  used,  economy  requires  that  the 
power  should  be  worked  to  its  capacity ; 
there  would  be  great  waste  in  sending  an 
engine  only  half  loaded.  Now,  the  gradient 
which  doubles  the  power  required  on  30  ft. 
is  84  ft ,  and  it  requires  no  argument  to 
prove  that  it  would  be  cheaper  to  use  the 
double  power  on  8  miles  rather  than  on  23, 
and  therefore  to  extend  the  30  ft.  gradient 
for  15  miles  and  use  84  ft.  for  the  remain- 
ing 8  miles  is  far  better  than  47^  ft.  for  the 
whole  distance  of  23  miles. 

These  figures  and  this  illustration  have 
been  used  because  they  apply  exactly  to  a 
case  in  point  in  overcoming  the  summit  be- 
tween New  River  and  James  River  at  the 
head  of  Potts'  Creek,  but  there  is  yet  another 
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and  a  very  important  consideration  in  favor 
of  the  adaptation  of  the  higher  gra  client,  which 
arises  from  the  fact  that  streams  near  the 
summits  almost  invariably  fall  much  more 
rapidly  than  the  average  for  the  whole  dis- 
tance, and  along  a  valley  bounded  b}T  moun- 
tains the  uniform  grade  would  throw  the  line 
high  above  the  stream,  encountering  spurs 
and  deep  gorges  and  greatly  increasing  the 
cost  of  construction  as  compared  with  a  line 
conforming  more  nearly  to  the  fall  of  the 
stream. 

Another  consideration  is  that  the  higher 
gradient  allows  advantage  to  be  taken  of 
favorable  ground ;  and  to  avoid  difficulties, 
flats  on  the  sides  of  mountains  may  often 
be  reached  and  spurs  avoided  by  variation 
of  gr;ide  within  the  maximum  limit  where 
the  uniform  gradient  would  admit  of  no 
variation. 

To  those  who  have  not  given  the  subject 
particular  attention  the  cost  of  operating  a 
high  gradient  by  assistant  power  when 
concentrated  at  a  single  point  will  be  sur- 
prisingly low. 

Taking  the  report  of  the  Virginia  and 
Tennessee  Railroad  as  furnishing  data  near- 
est the  locality  of  the  Shenandoah  Valley 
Extension,  the  cost  of  an  engine  per  mile 
run,  for  fuel,  oil,  waste,  repairs,  engineer, 
fireman,  etc.,  averages  35  cents.  For  a 
distance  of  eight  miles  it  would  be  $2.80, 
and  although  the  engine  would  return 
empty  this  allowance  will  be  doubled  for 
the  round  trip  making  it  $5.60,  which  should 
be  in  excess  of  actual  cost. 

The  gross  load  in  30  ft.  gradients  being 
540  tons  the  net  load  would  not  be  less  than 
240  tons,  and  the  cost  of  assistant  power 
per  ton  would  therefore  be  23  mills. 

If  one  such  gradient  occurred  in  100 
miles  the  cost  of  assistant  power  would  be 
less  than  a  fourth  of  a  mill  per  ton  per 
mile,  and  if  only  once  in  2u0  miles  the  cost 
would  be  less  that  one-eighth  of  a  mill  per 
ton  per  mile. 

The  cost  per  mile  run  of  freight  trains  on 
the  Virginia  and  Tennessee  Railroad  was 
last  yea?-,  for  transportation,  machinery,  and 
road  expenses,  111  cents;  as  the  whole  cost 
of  assistant  power  on  a  round  trip  of  16 
miles  was  $5.60,  it  is  obvious  that  the  in- 
creased expense  of  overcoming  the  elevation 
assumed  for  illustration  by  an  84  ft.  gradi- 
ent would  not  be  more  than  the  expense  of 
operating  5  additional  miles  of  30  ft.  gradi- 
ent or  2.^  miles  whi 
taken  into  account. 


Simplicity  rather  than  rigid  accuracy 
has  been  sought  in  these  illustrations. 

The  object  has  been  to  remove  unreason- 
able prejudices  against  high  gradients 
when  properly  employed,  and  to  satisfy  the 
Board  of  Directors  that  the  system  of  high 
gradients  recommended  for  the  Shenandoah 
Valley  Line,  admits  of  an  economy  of  opera- 
tion that  cannot  be  approached  in  any  of 
the  great  leading  lines  of  the  country  cross- 
ing elevated  summits  or  in  mountainous 
regions.  The  nearest  approach  is  the 
Pennsylvania  Railroad,  and  the  credit  of 
this  is  due  to  J.  Edgar  Thomson,  by  whom 
the  gradients  were  arranged  before  tne 
writer  became  connected  with  the  road  It 
is  probable  that  upon  the  Shenandoah 
Valley  Line,  there  will  be  five  tons  carried 
east,  for  one  in  the  opposite  direction  ;  it  is 
necessary  to  determine,  therefore,  the  maxi- 
mum gradient  ascending  westward,  that 
will  be  equivalent  to  30  ft.  ascending  with 
full  trains  eastward. 

The  gross  load  of  an  engine  on  a  30  ft. 
gradient  was  given  at  541  tons,  the  net 
load  240  ;  one-fifth  of  this  would  be  48  tons, 
which  added  to  the  dead  weight  of  engine 
and  cars  would  give  the  average  gross 
weight  of  westward  trains  380  tons,  which 
would  be  the  load  on  a  grade  of  53  ft.  nearly. 
If  assistant  power  should  be  used,  the  grade 
ascending  westward  equivalent  to  84  ft. 
eastward  would  be  about  110  ft.  (see,  for 
computation  of  effect  of  gradients  in  paper 
read  before  the  American  Philosophical 
Society  and  published  in  "  VanNostrand's 
Magazine  "). 

If,  then,  it  shold  be  found  practicable 
without  excessive  expenditure  to  descend 
from  the  summits  eastward  with  gradients 
not  exceeding  53  ft.,  it  should  be  done ;  but 
if  the  expense  should  be  too  heavy  and 
higher  gradients  employed  so  as  to  require 
the  use  of  assistant  engines  ascending  west- 
ward, then  gradients  as  high  as  130  ft.  in 
that  direction  might  be  employed  to  advan- 
tage so  as  to  limit  the  use  of  such  engines 
to  the  smallest  number  of  miles. 

My  conclusion  in  regard  to  gradients  is, 
that  a  line  can  be  located  between  the  point 
of  intersection  with  the  East  Tennessee, 
Virginia  and  Georgia  Railroad,  near 
Russellville  and  Covington,  on  the  Chesa- 
peake and  Ohio  Railroad,  with  no  ascend- 
ing gradient  eastward  exceeding  30  ft.  and 
no  ascending  gradient  westward  exceeding 
its  equivalent  for  single  engines  in  that  di- 
rection of  53  ft.,  excepting  at  one  and  pos- 
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sibly  at  the  two  main  summits  dividing  the 
waters  east  and  west  of  New  River,  where 
the  equivalent  gradients  for  assistant  en- 


gines of  84  ft.  ascending  east,   and   130  ft. 
ascending  west,  should  be  employed. 
These  high  gradients  are  recommended. 


FUTUBE  NAVAL  TACTICS. 


From  the  "  Nautical  Magazine.' 


The  discussion  of  military  subjects  has 
become  a  recognized  function  of  the  public 
press,  both  daily  and  periodical.  It  must 
be  deeply  wounding  to  "  men  of  peace"  to 
find  how  large  a  portion  of  the  daily  news- 
papers is  devoted  to  the  consideration  of 
things  purely  military  and  warlike.  Some- 
times it  is  'a  leading  article ;  sometimes  a 
special,  or  "  occasional"  essay;  sometimes  a 
cluster  of  letters,  dignified  with  the  honors 
of  leaded  type ;  sometimes  all  and  each  of 
these.  "  Our  own"  no  longer  divides  with 
"  our  special"  correspondent  the  distinction 
of  alone  supplying  information  from  foreign 
countries,  and  on  matters  of  present  inter- 
est to  the  thousands  of  readers,  who  have 
both  time  and  inclination  to  carry  their  re- 
searches beyond  the  telegrams  and  the  City 
Article,  "  our  military  correspondent"  now 
claims  his  share  in  the  distinction.  It  is 
not,  perhaps,  too  much  to  say,  that  during 
the  Parliamentar}',  and  what,  in  view  of 
past  and  coming  events,  we  may  be  justified 
in  c  tiling  the  "  Tichborne"  recesses,  few 
portions  of  the  day's  paper  are  more  largely 
read,  or  more  generally  discussed,  than  the 
various  essays  and  articles  on  military  sub- 
jects* which  it  contains.  At  one  time  we  are 
treated  to  new  views  on  organization  ;  at 
another  to  suggestions  for  improving  our 
system  of  tactics  ;  at  a  third  to  a  statement 
of  the  relative  merits  of  "  Armed  Sense," 
and  "  Armed  Science."  When  the  ad- 
vertisement columns  are  filled  with  an- 
nouncements of  the  contents  of  forthcoming 
magazines,  it  would  be  difficult  to  scan 
them  without  lighting  more  than  once  on 
the  titles  of  papers  with  a  thoroughly  milita- 
ry scope  and  object.  Indeed,  so  marked  a 
feature  of  periodical  literature  has  this  be- 
come, that  in  a  late  number  of  one  of  the 
"  Service"  journals,  a  writer  jubilantly  sug- 
gests that  one  magazine,  not  hitherto  con- 
sidered more  specially  warlike  than  its  con- 
temporaries, should  insert  in  its  title  the 
word  "  military."  It  is,  perhaps,  only  a 
symptom  of  an  ineradicable  tendency  of  hu- 
man nature,  that  all  this  warlike  literature 
treats   almost  exclusively  of  the   methods 


and  appliances  of  land  warfare.  Even  in  a 
nation,  which,  in  spite  of  Mr.  Reed,  is  much 
given  to  complacent  assertions  of  its  mari- 
time pre-eminence,  and  of  its  intense  inte- 
rest in  its  Navy,  many  great  questions  which 
intimately  concern  the  efficiency  of  the  lat- 
ter are  allowed  to  remain  unnoticed  and 
undiscussed.  Mankind  still  retains  an  un- 
questionable predilection  for  the  older  of 
the  two  forms  of  warfare.  Whatever  be 
the  abstract  reason  for  such  a  fact,  we  may 
leave  to  metaphysicians  to  discover ;  but, 
unless  we  fail  to  read  many  signs  aright,  a 
fact  it  is. 

Naval  affairs  have  been  by  no  means 
altogether  excluded  from  public  notice  and 
discussion.  On  the  contrary,  some  have 
been  discussed  with  a  heat  and  acrimony 
that  could  be  hardly  surpassed  in  a  theolo- 
gical disputation.  There  is  indeed  some 
danger  that  the  discussion  of  some  branch- 
es of  the  naval  art  has  been  carried  from 
the  scientific  to  the  polemical  stage  of  ar- 
gument ;  and  worsted  disputants  on  ques- 
tions of  naval  architecture  have  even  gone 
so  far  as  to  "  take  the  law"  of  their  oppo- 
nents. Nor  have  questions  of  ships'  arma- 
ment been  argued  with  less  fervor.  Advo- 
cates of  rival  systems  of  ordnance,  having 
grown  tired  of  attempting  to  convince  each 
other  of  the  superiority  of  their  own  or 
their  friends'  inventions,  have — after  along 
interchange  of  hard  names  and  imputations 
of  unfairness — at  last  gone  the  length  of 
holding  up  their  antagonists  to  popular  de- 
rision with  a  somewhat  gloomy  humor  in 
lampoons.  But  though  the  great  British 
public  is  perhaps  not  always  disinclined  to 
witness  a  "  set  to,"  it  is  still  apt  to  grow 
tired  of  the  incessant  rounds  of  an  intermi- 
nable fight ;  and  it  may  not  be  amiss  to  try 
and  direct  its  attention  to  some  questions  of 
naval  warfare,  which,  if  not  in  themselves 
interesting,  are  at  all  events  of  paramount 
importance.  Not  that  the  subjects  to  the 
discussion  of  which  allusion  has  been  made, 
are  not  also  highly  important ;  but  they  are 
by  no  means  the  only  ones  which  a  great 
naval  nation  should  wish  to  see  discussed  and 
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illuminated  by  the  light  of  recent  inventions 
and  the  rapid  progress  of  science.  If  we 
are  to  confine  ourselves  solely  to  a  series  of 
arguments  about  curves  of  stability,  meta- 
centric heights,  thickness  of  plating,  energy 
on  impact,  ribbed  and  studded  projectiles, 
erosion  of  gases — useful  and  important  as  a 
correct  knowledge  of  these  matters  undoubt- 
edly is — and  leave  out  of  sight  the  consider- 
ation of  how  we  are  to  use  our  armor-pro- 
tected and  steadily-carried  weapons  on  the 
only  occasions  when  they  can  ever  be  called 
into  use,  we  shall  somewhat  resemble  the 
11  Greeks  of  the  Lower  Empire,"  indignant- 
ly cited  by  Napoleon,  who  were  absorbed  in 
grammatical  disputations  whilst  the  enemy 
was  thundering  at  their  gates.  It  may  fair- 
ly be  assumed  that  the  chief  object  of  pos- 
sessing, or  of  trying  to  possess,  that  rather 
Utopian  conception,  the  perfect  ship-of-war, 
is  to  be  able  to  make  use  of  it,  when  it  may 
unhappily  be  necessary  to  do  so,  with  the 
best  effect.  In  order  to  do  this — it  is  per- 
haps almost  a  truism  to  state — our  officers 
require  some  acquaintance  with  a  definite 
system  of  naval  tactics.  That  is  just  what 
we  have  not  got,  and  what  we  do  not  seem 
much  inclined  to  bestir  ourselves  to  procure. 
Considerable  attention  has  lately  been — in- 
deed is  actually  now  being — devoted  to 
devising  a  new  system  of  tactics  for  our 
army.  It  is  not  improbable  that  that  force 
which,  in  after-dinner  speeches  at  least,  is 
generally  styled  "  our  first  line  of  defence," 
would,  ex  vi  termini,  be  first  required  to 
test  its  own  peculiar  tactical  system.  Let 
us  devoutly  hope  that  ere  that  time  arrives  it 
may  have  something  of  the  kind.  What 
should  we  think  of  the  efficiency  of  the 
British  Army  if  its  tactical  system  had  un- 
dergone no  real  improvement  since  the  days 
in  which  the  "  Swedish  battle,"  as  devised 
by  the  great  Gustavus  Adolphus,  was  the 
model  on  which  were  formed  all  systems  of 
military  tactics?  Yet  analogous  to  this 
state  of  things  is  the  condition  of  the  British 
Navy  as  far  as  its  tactical  efficiency  is  con- 
cerned. Nothing  had  more  completely 
stagnated  than  did  the  art  of  naval  tactics 
from,  as  the  old  sea  song  has  it, — 


the  days  of  the  Rump  and  Admiral  Trun.p, 

When  Dutchmen  wore  bladder-legged  breeches, 

down  to  the  time  of  Rodney's  great  victory 
over  De  Grasse  in  1782.  The  first  attempt 
to  devise  a  tactical  system  for  ships  pro- 
pelled by  wind  and  sails,  and  armed  with 
guns    on   the    broadside,   dates    from    the 


seventeenth  century  ;  such  a  system  has  in 
many  essential  particulars  been  continued 
even  to  our  own  time.  It  would  surprise 
many  to  find,  as  they  would  find,  on  com- 
paring whatever  tactical  instructions  we 
now  have,  with  those  of  the  age  just  men- 
tioned, how  little  we  have  improved  on  the 
older  ones.  But  great  as  has  been  the  re- 
volution in  the  land  warfare,  caused  by  the 
improvements  in  arms  and  organization,  that 
in  sea  warfare  has  been  far  greater.  The 
sea  service,  equally  with  the  sister  service 
on  land,  possesses  all  the  improved 
weapons,  and,  besides  them,  there  has 
been  placed  at  its  disposal  powerful  ships 
constructed  on  entirely  new  principles,  and 
propelled  by  a  hitherto  undiscovered  motive 
power.  Almost  every  condition  of  naval 
warfare  has  undergone  a  total  and  com- 
plete change  since  the  date  of  the  last 
great  battle  of  the  British  Navy.  It  may 
be  that  our  fleet  is  never  to  fight  another, 
but  as  we  still  appear  determined  to  have 
a  fleet,  there  is  something  to  be  said  in 
favor  of  adopting  some  plan  which  may 
render  its  power  effective.  How  little  near 
we  are  to  such  a  consummation  may  be  seen 
by  anyone  who  cares  to  investigate  the 
subject  on  reference  to  a  lecture  delivered 
by  Captain  P.  H.  Colomb,  R.N.,  at  the 
Royal  United  Service  Institution,  no  longer 
ago  than  the  early  part  of  the  year  1872. 
Captain  Colomb  has  for  some  time  been 
honorably  known  for  his  labors  in  connec- 
tion with  the  evolutionary  and  signal  sys- 
tems of  the  Navy — systems,  be  it  known,  on 
which  the  art  of  naval  tactics  entirely  de- 
pends. He  has  naturally  been  induced  to 
extend  his  consideration  to  the  tactical  sys- 
tem demanded  by  present  requirements, 
and  no  one  will  deny  that  he  brings  to 
such  consideration  all  the  merit  of  an  ex- 
pert. He  has  another  merit,  not  perhaps 
so  common  amongst  naval  tacticians — viz., 
that  of  possessing  a  graceful  and  fluent 
literary  style,  and  the  faculty  of  presenting 
to  his  readers  even  the  dry  details  of  naval 
evolutions  under  an  attractive  and  interest- 
ing aspect. 

It  is  worth  while  to  listen  to  what  he 
says.  "  These  remarks,"  this  passage  oc- 
curs in  the  lecture  of  which  we  have  been 
speaking,  "  are  not  unnecessary  at  the  out- 
set of  my  paper.  There  is  not  one  of  us 
naval  officers  who  has  not  either  heard  or 
expressed  the  most  decided  opinions  on  the 
efficiency  of  certain  formations  and  the 
inefficiency  of  others.     Yet  I  venture  to  say 
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not  ten  per  cent,  of  us  have  ever  heard  any 
good  reasons  as  to  why  one  formation  is 
better  than  another ;  and  not  two  per  cent. 
have  ever  thought  out  the  matter  even 
superficially  for  themselves.  The  danger 
we  run  of  committing  ourselves  to  some 
definitive  theory  of  attack  and  defence 
without  any  inductive  steps  leading  up  to 
it,  is  real  and  tangible  ;  and  if,  instead  of 
advocating  a  particular  view,  it  should 
come  to  pass  that  I  show  the  end  further 
off  than  ever,  and  leave  your  minds  open 
on  the  questions,  I  shall  not  consider  I 
have  done  bad  service."  Again,  speaking 
of  the  non  existence  of  any  plan  or  system, 
he  proceeds  :  "For  if  I  be  wrong  in  sup- 
posing a  bad  compulsory  plan  to  be  worse 
than  no  plan,  still,  as  no  plan  is  yet 
adopted,  such  investigations  as  mine  go  far 
to  establish,  not  only  a  plan,  but  if  pro- 
perly conducted,  a  good  plan."  This  is 
tolerably  strong  evidence,  from  a  witness 
more  than  anyone  likely  to  know,  that 
whatever  be  the  condition  of  the  Navy  as 
regards  powerful  ships  and  guns,  its  tacti- 
cal efficiency  is,  to  say  the  least  of  it,  not 
perfectly  satisfactory.  Yet  no  one  can  more 
strongly  express  the  opinion  that  it  is  quite 
possible  to  devise  such  a  system  of  tactics 
as  the  present  state  of  naval  service  has 
rendered  necessary.  "  Much  of  the  neglect," 
thus  Captain  Colomb  begins  his  lecture, 
"  under  which  my  subject  undoubtedly  lies, 
may  proceed  from  an  idea  which  impressed 
me  very  strongly  at  one  time,  namely,  that 
the  attack  or  defence  of  a  modern  fleet 
cannot  be  profitably  studied  prior  to  the 
experience  of  many  actual  combats.  It 
seems  at  first  sight  probable  that  no  such 
thing  as  rule  or  law  can  be  evolved  except 
from  the  facts  of  experiment  in  war.  It  is, 
therefore,  readily  assumed  that  naval  strat- 
egy is  not  yet  in  a  condition  to  be  made  a 
subject  of  study.  This  line  of  thought 
would  be  excusable  after  many  failures  to 
discover  the  hidden  law  or  laws  which  may 
exist,  but  it  does  not  excuse  the  neglect  to 
seek  for  them.  We  have  no  business  to 
make  the  assumption  in  the  first  place,  for 
it  is  founded  on  no  data ;  and,  moreover,  I 
trust  I  have  shown  in  former  papers  that 
so  far  from  being  the  vague  conglomerate 
of  conflicting  opinion  generally  supposed,  a 
very  superficial  analysis  recovers  many 
points  of  absolute  certainty,  round  which 
theories  may  safely  revolve,  or,  at  the  very 
least,  gives  encouragemont  to  persevere." 
But  it  is  not  necessary  to  rely  solely  upon 


the  evidence  of  Captain  Colomb,  important 
though  it  be,  to  show  that  our  tactical  sys- 
tem has  yet  to  be  discovered.  In  the  re- 
ported discussion  which  followed  the  delivery 
of  the  lecture  will  be  found  an  unanimous 
agreement  on  the  part  of  all  who  took  part 
in  it,  that  such  is  the  case.  The  testimony 
of  that  most  distinguished  and  veteran  officer, 
Admiral  of  the  Meet  Sir  George  Sartorius, 
need  only  be  adduced  in  support  of  Captain 
Colomb's  assertion.  He  said:  "  It  is  very  ne- 
cessary that  some  good  theory  should  be  How 
formed  upon  the  management  of  fleets  and 
ships,  and  future  war  tactics,  based  upon  the 
best  ma  erials  we  actually  possess,  in  order  to 
prepare  and  be  in  readiness  for  cont  ngencies 
before  they  arrive."  It  is  an  historical  fact 
that  the  greatest  impulse  given  to  the  im- 
provement of  naval  tactics  was  due  to  those 
who  were  not  seamen,  for  example,  the 
Jesuit  Father,  Hoste,  and  the  Scottish  Laird, 
Clerk  of  Eldin.  And  in  our  own  day  Sir 
Howard  Douglas  began  a  work  which,  had 
he  lived  longer,  he  might  have  continued  to 
the  great  advantage  and  improved  efficiency 
of  the  Navy,  which  already  owed  him  so 
much.  It  is  therefore,  perhaps,  not  by  any 
means  too  wild  an  aspiration  to  hope  that, 
in  the  absence  of  any  practical  experience 
of  naval  war,  the  art  of  tactics  may  receive 
new  developments  from  the  thought  and 
study  of  those  who  in  these  days  devote 
themselves  to  securing  and  improving  the 
maritime  power  of  the  country. 

Of  the  sea  fights  of  the  future,  it  may 
be  almost  asserted  that  we  do  not  know  how 
they  will  be  begun,  how  they  will  be  carried 
on,  nor  how  they  will  end.  The  perpetual 
see-saw  in  the  superiority  of  the  gun  and 
the  armor-plate  respectively,  renders  a 
prediction  of  the  future  value  of  either 
rather  hazardous.  But  we  may  at  least 
enumerate  the  various  new  weapons  which 
science  has  placed  at  the  disposal  of  naval 
officers,  and  the  several  methods  in  which 
these  most  destructive  instruments  are  in- 
tended to  be  used.  Ancient  prescription 
and  modern  popular  favor  give  in  any  such 
enumeration,  the  right  of  priority  to  the 
gun.  The  art,  of  which  the  rules  govern 
the  use  of  that  weapon,  is  very  modern. 
Naval  gunnery  dates  in  reality  from  a 
period  more  recent  than  the  battle  of 
Navarino,  at  which  officers  still  on  the  ac- 
tive list  of  the  Navy  were  present.  The 
age  of  rifled  ordnance  is  hardly  yet  in  its 
teens ;  and  even  now  the  latest  additions  to 
our  stock  of  guns  have  not  yet  been  tried 
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afloat.  Sinope,  which  shortly  preceded  the 
actual  Crimean  war,  was  the  first  important 
naval  action  in  which  shell  fire  from  guns, 
as  distinguished  from  that  from  mortars, 
played  any  great  part.  Our  present  wea- 
pons are  in  reality  and  in  name,  arms  of 
precision.  The  accuracy  of  fire  of  our 
laigest  guns,  provided  with  rifled  bores, 
carefully  constructed  projectiles,  and  finely 
marked  and  delicately  graduated  sights, 
was  a  thing  undreamed  of  in  the  days  of 
Kelson  and  Collin gwood.  The  bursting 
charges  of  our  modern  shells  surpass  in 
weight  the  whole  projectile  fired  from  the 
old  smooth  bore  guns  which  battered  the 
Franco- Spanish  fleet  at  Trafalgar.  Length 
of  range  has,  of  course,  prodigiously  increas- 
ed, and  the  distance,  known  in  Rodney's 
time  as  random  shot,  would  now  be  re- 
garded as  an  easy  limit  of  accurate  prac- 
tice. The  word  "shell"  itself  has  ceased 
to  indicate  but  one  description  of  projectile, 
and  now  gives  a  generic  name  to  a  whole 
class  with  several  subdivisions.  The  shrap- 
nell  shell  filled  with  its  hundreds  of  balls, 
is  for  our  newest  guns,  ingeniously  con- 
structed so  as  to  act  the  part  of  a  gun  itself; 
and,  when  on  being  fired,  it  has  attained 
the  most  convenient  distance  from  those 
v  horn  it  is  intended  to  destroy,  it  can  pour 
forth  a  terrible  mitr'aille  of  its  own.  Nor 
can  iron  plates  be  regarded  as  a  secure  de- 
fence against  shells  since  Major  Palliser 
has  invented  his  chilled,  or  hardened,  pro- 
jectiles, which  penetrate  a  thick  plate,  and 
burst  when  so  placed  as  to  do  most  damage. 

Before  the  gun  in  point  of  antiquity,  ac- 
cording to  some  belbre  it  in  destructive 
]  ower,  and  next  to  it,  at  all  events,  in  tacti- 
cal importance,  is  the  Ram.  '  The  ancient 
mode  of  attack  by  striking  at  the  enemy's 
ship  with  the  prow  of  your  own  has  recently 
been  revived.  This  revival  of  course  is 
owing  to  the  general  introduction  of  steam 
propulsion,  and  so  important  have  been  its 
effect,  that  the  system  of  ship  construction 
has  been  very  generally  modified  since  the 
ramming  attack  has  again  come  into  favor. 
No  efficient  man-of-war  is  now  built  with- 
out a  prow,  or  beak,  vulgo  a  ram,  specially 
designed  for  purposes  of  attack.  The  re- 
cords of  accidental  collisions  between  ships 
sufficiently  illustrate  the  terrible  destruction 
which  could  be  wrought  by  one  vessel 
purposely  constructed  ibr  ramming  when 
designedly  directed  at  speed  against  an- 
other. 

But  the  weapons  for  our  future  use  in 


sea-fights  are  not  those  only  which  have 
been  suggested  by  the  experience  of  long 
ago.  The  subtle  electrical  torpedo  has 
lately  been  added  to  the  armaments  of  ships 
of  war,  and  many  ingenious  officers  are  at 
this  moment  occupied  in  developing  its 
destructive  powers.  So  important  do  the 
Americans  deem  this  weapon  as  an  engine 
of  destruction,  that  in  an  official  report 
letely  presented  to  Congress,  by  the  Chief  of 
the  "Bureau  of  Construction  and  Repairs," 
that  officer  states  his  conviction  that  when 
the  fact  of  its  complete  adaptabilit}r  to  war 
purposes  "  becomes  well  known,  the  ques- 
tion of  building  iron-clad  cruising  vessels 
will  be  solved."  Hitherto  the  torpedo, 
whether  electrical  or  mechanical,  has  been 
almost  exclusively  used  as  a  coast  defence ; 
but  now  it  is  to  form  part  of  the  equipment 
of  our  fleets.  Captain  Harvey,  a  naval 
officer,  has  devised  a  weapon  which,  by  its 
peculiar  shape,  is  caused,  when  towed  from 
a  vessel,  to  diverge  from  her  side,  and  thus 
present  an  obstacle  of  formidable  danger  to 
any  enemy  who  should  approach  too  near. 
In  addition  to  this,  we  are  promised  the 
use  of  an  extraordinary  modification  of  the 
torpedo,  proposed  by  an  English  manufac- 
turer and  engine-builder,  long  resident  in 
Australia,  Mr.  Whitehead.  The  details  of 
this  gentleman's  invention  have  been  kept 
secret,  except  from  a  select  few  ;  but  from 
accounts  of  it  which  have  found  their  way 
into  the  press,  it  seems  to  be  a  kind  of  dimi- 
nutive submarine  vessel,  supplied  with  some 
internal  motive  power,  and  cap  ible  of  itself 
regulating  its  course  and  direction  to  a  very 
wonderful  degree,  and  of  travelling  with 
considerable  speed  towards  the  object  aimed 
at,  on  contact  with  which  it  would  explode. 
Offensive  weapons  have  not,  however,  had 
it  all  their  own  way  in  the  race  for  superior- 
ity over  defensive  armor.  Thickness  of 
plating  is  continually  on  the  increase ;  and 
the  plan  of  towing  a  torpedo  by  the  side  of 
the  ship  will  unquestionably  render  the 
ramming-attack  always  hazardous  and  dif- 
ficult, and  frequently  absolutely  impossible. 
As  yet,  not  very  much  attention  has  been 
bestowed  upon  the  possibility  of  guarding 
against  the  destructive  effect  of  the  torpedo 
itself;  nor  have  the  thoughts  of  our  officers 
been  much  turned  toward  the  practicability 
of  disabing  by  vertical  fire  ships  which  are 
impervious  to  horizontally  projected  shot  and 
shell.  The  construction  of  ships  on  the 
cellular  system,  specially  to  neutralize  the 
effects  of  torpedo  explosions,  and  the  adop- 
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tion  of  sea-service  rifled  mortars  for  accurate 
fire  on  the  decks  of  vessels  the  sides  of 
which  are  protected  by  armor  too  thick  to 
be  penetrated  by  any  guns  which  there  is 
any  hope  of  carrying  afloat,  are  innovations 
which  are  but  just  appearing  above  the 
horizon  of  naval  invention. 

As  naval  actions  in  times  to  come  will  be 
fought  with  new  weapons,  and  between 
ships  of  a  new  description  provided  with  a 
new  motive  power,  it  is  more  than  probable 
that  they  will  differ  greatly  from  those  of 
the  past.  From  the  final  adoption  of  a 
numerous  armament  of  broadside-guns, 
down  to  the  last  great  action  fought  at  sea, 
the  mode  of  fighting,  in  essentials,  varied 
but  little.  The  great  thing  was  to  get  into 
such  a  position  that  all  the  guns  on  one 
side  could  be  brought  to  bear  upon  the 
enemy,  and  then  began  a  game  of  mutual 
pounding,  of  which  he,  who  could  hold  out 
longest,  became  the  winner.  The  object  of 
all  manoeuvres  was  to  get  into  the  above 
position,  and,  when  once  it  had  been  attain- 
ed, manoeuvring  ceased.  The  historian  re- 
lates that,  on  "  the  glorious  1st  of  June," 
Lord  Howe,  when  he  saw  the  greater  num- 
ber of  his  ships  "  in  station,"  "  emphatical- 
ly closed  his  signal-book,"  as  though  to 
show  that  he  considered  all  manoeuvring  at 
an  end,  and  that  the  work  before  his  fleet 
thenceforth  was  fighting  alone.  "  It  was 
the  height  of  strategy, "  as  Captain  Colomb 
says,  "  to  bring  our  strong  points  against 
his  (the  enemy's)  weak  ones ;  and  broadside 
to  broadside  did  that  in  perfection."  Be- 
sides, too,  the  masts  and  sails,  the  posses- 
sion of  which  alone  insured  the  power  of 
movement  to  the  ships,  were  soon  damaged 
or  destroyed,  and  all  possibility  of  any  use- 
ful manoeuvring  was  thus  completely  put 
out  of  the  question. 

Hereafter  the  duration  of  the  motive 
power  and  the  existence  of  the  ship  as  a 
fighting  component  of  a  fleet  will  end  to 
together.  The  former  destroyed,  the  latter 
is  at  an  end  also.  A  constant  state  of  rest- 
less motion  will  be  a  necessity  of  future 
naval  engagements.  It  should  be  the  aim 
of  the  tactician  to  render  that  state  of  motion 
as  full  of  purpose  as  possible.  Suppose  two 
hostile  fleets  sight  each  other  in  the  midst 
of  the  Atlantic  Ocean.  They  will  probably 
be  within  sufficient  proximity  for  actual 
combat  in  less  than  an  hour  from  the  mo- 
ment when  each  first  descried  the  other. 
Preparations  must  be  rapid.  No  longer  as 
in  the  "  old  war  "  will  two  fleets,  of  which 


one  is  to  windward,  cruise  in  sight  of  one 
another  for  days,  one  eagerly  looking  for  a 
change  of  wind  to  enable  it  to  close  with 
its  adversary.  Frorn  sighting  to  beginning 
the  fray  will  now  be  only  a  question  of 
minutes. 

The  two  fleets  having  sighted  each  other 
as  we  have  supposed,  will,  probably — for 
here  we  must  enter  into  the  region  of  con- 
jecture— rapidly  near  each  other.  As  they 
approach,  fire  will  most  likely  be  opened 
from  those  guns  (with  which  all  efficient 
ships  are  now  provided)  that  are  mounted  on 
the  bow,  or  so  as  to  fire  ahead.  The  shots 
that  can  be  fired  will  not  be  numerous. 
The  hostile  squadrons  will  soon  be  too  close 
for  "  bow  fire  "  to  be  of  any  further  use  ; 
and  as  they  get  very  near  each  other,  cap- 
tains will,  perhaps,  not  care  to  have  their 
view  of  the  foe  impeded  by  clouds  of  smo.ke 
hanging  about  their  ships.  Each  vessel, 
still  maintaining  its  speed,  will  not  improb- 
ably look  for  an  opponent  in  the  enemy's 
force  upon  whom  to  try  her  "  ram."  The 
enemy,  on  the  other  hand,  will  most  likely 
be  preparing  to  do  the  same,  and  then  be- 
tween each  pair  of  ships  will  begin  a  game 
of  skill  in  manoeuvring,  to  avoid  not  only 
the  hostile  prow,  but  also  the  torpedo  which 
will  inevitably  be  towed  alongside.  In  ad- 
dition to  these  manoeuvres  of  defence,  there 
will  be  those  by  which  it  is  attempted  to 
deliver  a  deadly  thrust  with  the  prow,  to 
pour  in  a  concentrated  broadside  from  the 
best  position;  and  also  to  plant  the  terrible 
torpedo  beneath  the  opponent's  bottom. 
Supposing  the  skill  on  both  sides  to  be 
nearly  on  an  equality,  the  fleets  will  at  first 
pass  through  each  other,  then  they  will 
have  to  turn  round,  necessarily  with  cir- 
cumspection, to  avoid  being  caught  in  flank 
whilst  so  doing,  and  perform  the  same 
evolutions  over  again.  Against  disabled 
ships,  if  there  are  any,  will  be  launched 
Mr.  Whitehead's  fish-torpedo,  which  may 
be  regarded  as  the  modern  equivalent  of 
that  long  used  naval  invention,  the  fire- 
ship.  Ships  in  future  will  be  able  to  carry 
whole  squadrons  of  these  destructive  little 
vessels — for  such  they  may  be  called — and 
when  one  fails,  may  quickly  send  another 
to  perform  its  work. 

It  is  often  lamented  that  the  introduction 
of  steam  and  the  consequent  disuse  of  sails 
have  destroyed  much  of  the  romance  of  the 
sea.  The  trim  frigate  has  given  place  to 
the  monitor,  and  the  snowy  canvas  to  the 
hideous  smoke-stack.     It  will  probably  not 
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be  so  in  future  sea-fights.  The  excitement 
and  the  interest  of  them  will  be  greater 
than  those  of  former  days.  The  old  pro- 
tracted cannonades  from  ships  stationary 
are  as  much  things  of  the  past  as  the  twelve 
and  eightecn-pounders  which  contributed 
to  them.  In  the  old  days,  as  we  hare  said, 
all  manoeuvring  ended  when  the  battle 
began ;  henceforth  they  will  begin  and  end 
simultaneously.  To  the  interest  of  one  of 
the  old  frigate- actions  a  battle  between 
single  ships  hereafter  will  add  that  of  a 
contest  between  two  agile  gladiators  of  the 
arena.  Mr.  Whitehead's  torpedoes  will 
require  more  exciting  and  more  skilful 
tactics  for  their  use,  than  did  their  pro- 
totypes, the  fire-ships,  which  gave  so  much 
anxiety  to  worthy  Mr.  Samuel  Pepys.  No 
future  Secretary  to  the  Admiralty  is  likely 
record  in  his  diary  as  he  did  under  date  of 
June  4th,  1666,  "  We  fought  them  "  (the 
Dutch)  "  and  put  them  to  the  run,  till 
they  met  with  about  sixteen  sail  of  fresh 
ships,  and  so  bore  up  again.  The  fight 
continued  till  night,  and  then  again  the 
next  morning  from  five  till  seven  at  night. 
And  so  too  yesterday  morning  they  began 
again  and  continued  till  about  four  o'clock." 
In  fights  to  come  things  are  likely  to  be 
settled  somewhat  more  expeditiously.  At 
a  recent  meeting  of  the  Institution  of  Engi- 
neers and  Shipbuilders  of  Scotland,  Mr. 
Robert  Duncan,  the  President,  in  his  in- 
troductory address,  touched  upon  the  ques- 
tion which  we  have  been  discussing.  His 
remarks,  as  those  of  an  eminent  man  highly 
qualified  by  his  pursuits  and  the  evident 
thought  he  had  bestowed  upon  the  subject 
to  form  an  opinion,  are  well  worth  attention. 
After  speaking  of  our  comparative  naval 
position,  and  of  the  means  at  our  disposal, 
he  said  : — "  .  .  .  .We  have  ships  equal 
to  the  best  anywhere  else,  and  are  begin- 
ning others  superior  ;  we  have  guns  unsur- 
passed in  weight  aud  penetration,  and  do 
not  mean  to  stop  at  that ;  and  beyond  that, 
the  experience  that  has  been  acquired  of 
the  use  and  power  of  the  torpedo, 
as  an  instrument  of  offence  and  de- 
fence, has  demonstrated  its  value  as  a 
coast-guard  superior  to  all  other  modes  of 
coast-defence ;  while  its  application  to  the 
purposes  of  submarine  attack  point  not 
indirectly  to  a  revolution,  if  not  to  a  revul- 
sion, in  the  practice  of  naval  warfare,  and 
the  feelings  with  which  humanity  is  likely 
to  regard  it.  Evidently  the  tendency  of 
modern  warfare   on   the   sea   is   not   to   a 


chivalrous  struggle  for  mastery  or  honor, 
but  to  a  murderous  one  intent  on  wholesale 
destruction,  alike  without  glory  or  safety  ; 
a  contest  in  which  one,  or  both,  of  the  com- 
batants must  certainly  perish.  The  final 
result  of  this  style  of  warfare  must  be,  that 
men  will  refuse  to  go  to  sea  to  certain 
death,  and  we  shall  have  a  repetition  of 
the  game  of  the  Crimean  and  Franco- 
Prussian  wars ;  the  weaker,  or  least  pre- 
pared, will  keep  in  port  within  a  torpedo- 
reef ;  and  the  stronger  will  chafe  in  idle 
impotence  outside  this  belt  of  certain  de- 
struction." Naval  officers  may  be  excused 
for  doubting  that  the  navy  has  already 
been  thus  improved  off  the  face  of  the 
earth,  but  they  will  probably  derive  from 
these  remarks  an  increased  conviction  of  the 
necessity  of  knowing  how  to  attack  and 
how  best  to  resist. 

To  account  for  the  oblivion  into  which 
the  study  of  the  art  of  tactics  has  fallen, 
many  theories  may  be  set  up.  It  will  be 
more  profitable  to  try  and  rectify  than  to 
account  for  such  a  state  of  affairs.  The 
intense  professional  conservatism  of  naval 
affairs  has  undoubtedly  much  to  answer 
for  in  having  kept  up  a  belief  in  old  meth- 
ods, which  should  long  since  have  passed 
away.  Entering  the  service  at  a  tender 
age,  cut  off  by  its  conditions  from  frequent 
converse  with  the  outer  world,  the  repository 
of  a  knowledge  shared  by  his  fellow- seaman 
only,  it  would  be  strange  if  the  naturally 
conservative  tendency  of  an  Englishman 
were  not  intensified  by  a  life  spent  in  the 
Navy.  Mr.  Cobden  expressed  his  opinion 
that  in  their  adherence  to  old  plans,  the 
English  were  not  so  much  Conservative  as 
Chinese.  In  professional  matters  the  naval 
officer  is  often  an  Englishman  of  the  Eng- 
lish ;  a  Conservative  of  a  type  to  which  the 
highest  Chinese  Tory  would  be  a  Radical 
of  the  most  advanced  class,  fitted  to  take 
his  seat  on  the  benches  of  the  extremest 
Left.  Such  prejudices  are  being  now 
rapidly  undermined,  and  are  falling  away. 
A  misconception  of  the  intentions  of  the 
authorities  has.  perhaps,  conduced  to  the 
retention  of  them.  Unlike  his  brethren  of 
the  Army,  the  officer  of  the  Navy  is  pre- 
cluded from  discussing  professional  subjects 
in  print.  It  is  more  than  probable  that  this 
prohibition  was  only  intend^,  to  include 
such  discussions  as  might  weaken  discipline, 
or  divulge  secrets,  which  it  was  fitting 
should  be  kept.  It  has,  however,  placed 
the  intelligent  and   the   thoughtful  on   the 
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same  level  as  the  stupid  and  the  ignorant,  \ 
and  has  greatly  tended  to  induce,  or  at  least 
to   maintain,  a   stagnation   of  professional  I 
zeal.     In  reality,  the  prohibition  was  never  i 
levelled  at  the  discussion  of  all  that  relates  | 
to  the  real  art  and  technical  part  of  the  pro-  | 
fession  ;  if  it   were,  it  has    been  so   much  j 
more  honored  in  the  breach  than  the  cb- 
Bervance,  as  to  be  practically  repealed.     At  j 
least  we  may  say,  as  old  Pepys  did  on  the 
last   day   of  the    year — "but   I   hope    all 
things  will  go  well,  and  in  the  Navy  parti- 
cularly, wherein  I  shall  do  my  duty,  what- 
ever comes  of  it."     We  may  be  sure  that ! 
many  a  naval  officer  who  never  read  a  line  | 
of  Mr.  Pepys's   diary  has  often  expressed  j 
the  same  hope  and  the  same  determina- 
tion. 

All  questions  of  improved  efficiency  of  j 
our  defensive  forces  must  sooner  or  later  be  i 
investigated  as  to  their  probable  cost.  It 
is  almost  certain  that  much  valuable  infor- 
mation might  be  obtained  at  but  a  trifling 
increase  of  expense.  The  wise  custom  of 
the  last  three  or  four  years  has  collected  in  i 


"combined  squadrons,"  the  commands  of 
several  flag  officers.  Much  improvement  in 
the  evolutionary  knowledge  of  our  officers 
has  been  the  result.  The  additional  cost  of 
a  few  days'  tactical  experiments  would  not 
be  very  enormous ;  it  would  amount,  pro- 
bably, to  about  one-twelfth  of  the  loss  of 
the  purchase  and  re-sale  of  the  extra  horses 
required  by  the  Control  Department  of  the 
Army  at  the  late  manoeuvres ;  no  very 
extravagant  price  to  pay  for  knowledge 
which  might  prove  inestimable.  The  Rus- 
sians, to  whom  we  owe  the  origin  of  so  many 
panics,  have  thought  it  worth  while  to  ex- 
pend some  tons  of  extra  coal  in  trying  ex- 
periments of  the  kind.  The  British  Navy 
ought  scarcely  to  lag  behind  that  of  the 
Czar  in  progress.  It  should  be  remembered 
that  it  is  a  force,  which,  amongst  navies, 
holds  a  place  of  even  more  undisputed  pre- 
eminenee  than  does  the  Prussian  Army 
amongst  armies.  It  is  almost  universally 
looked  up  to  and  copied  from  its  most  im- 
portant details  down  even  to  the  fashion  of 
its  buttons  and  gold-lace. 
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From  the  "English  Mechanic." 


It  is  a  curious  and  interesting  circum- 
stance, that,  so  far  back  as  the  latter  end  of 
the  reign  of  Queen  Elizabeth,  when  wood 
was  plentiful  and  coal  but  little  used,  an 
attempt  should  have  been  made  to  produce 
artificial  fuel  for  use  in  the  open  hearths  of 
that  day.  About  the  year  1594,  Sir  Hugh 
Piatt  tried  to  introduce  into  general  use  in 
England  a  mixture  of  coal  and  loam,  ac- 
cording, as  he  states,  after  the  "  manner  of 
Lukeland,  in  Grerrnanie"  —  wherever  that 
place  may  be.  He  used  other  mixtures, 
such  as  sawdust,  tanners'  bark,  cow  dung 
incorporated  with  small  coal,  and  cemented 
together  with  his  favorite  loam.  This  is, 
I  believe,  the  first  known  attempt  to  manu- 
facture "  artificial  fuel." 

Curiously  enough,  it  contains  the  elemen- 
tary idea  of  such  mixtures  suggested  up  to 
the  present  time.  All,  or  nearly  all,  the 
schemes  that  have  been  produced  set  out 
with  the  basis  of  small  coal,  or  pit  waste, 
and  mix  it  with  all  kind  of  combustible 
matter,  and  cement  them  together  in  blocks, 
or  cakes,  for  ordinary  use  as  a  cheap  substi- 
tute for  coal — even  when,  as  we  know,  that 
wood  was  plentiful  and  sea-coal  but  slowly 
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1  coming  into  general  use.  At  this  early 
period,  then,  the  waste  of  small  coal  had 
attracted  notice.  After  Sir  Hugh  Piatt's 
laudable  attempt,  the  idea  seems  to  have 
slipped  out  of  sight,  and  for  nearly  two 
centuries  little  or  no  attempt  was  made  to 
carry  on  the  process. 

It  was  not  till  the  first  year  of  the  present 
century  tbat  attention  was  drawn  in  any 
marked  degree  to  the  matter,  when  a  patent 
was  granted  in  which  small  or  refuse  coal 
was  mixed  with  charcoal,  wood,  breeze,  tan, 
turf,  sawdust,  corkcuttings,  peat,  and  other 
inflammable  ingredients.  All  these,  or  any 
of  them,  were'to  be  well  mixed  and  incorpo- 
rated together,  and  then  partially  carboniz- 
ed in  kilns  or  ovens,  to  expel  any  moisture, 
the  heat  being  so  regulated  as  just  to 
cement  the  materials  together  into  one  com- 
pact mass  without  destroying  any  of  their 
combustible  properties.  This  system  may 
be  taken  as  the  type  of  pretty  well  all  the 
other  schemes  followed  out  by  adventurers 
in  this  proposed  line  of  industry  and  hoped- 
for  economy.  It  will  be  seen  at  once  that 
for  a  large  scale  of  production  many  of  the 
articles  introduced  could  not  be  obtained  in 
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regular  supplies  at  a  cheap  rate — for  tan, 
corkcuttings,  and  sawdust  would  be  limited 
in  quantity  and  irregular  in  supply — so  that 
in  the  long  run  any  hope  of  cheap  fuel  from 
such  a  source  would  terminate  in  hopeless 
failure. 

It  is  quite  useless  to  look  for  cheap  fuel 
being  obtained  from  materials  which  de- 
pend on  supply  from  the  waste  or  refuse  of 
any  kind  ot'  manufacture  for  the  necessary 
production  of  such  materials.  The  supply 
must  be  very  inadequate  to  meet  the 
enormous  demand  for  such  an  article  as 
fuel,  where,  to  be  of  any  use,  millions  of 
tons  would  be  required.  All  these  kinds  of 
attempts  may  therefore  be  dismissed  as  be- 
ing out  of  court  and  of  no  practical  avail. 
We  must  depend  more  or  less  on  natural 
sources  of  supply,  and  endeavor  to  com- 
bine them  in  the  cheapest  and  most  effica- 
cious manner.  Nor  can  the  manufacture 
of  a  reasonably  cheap  artificial  fuel  admit 
of  much  extraneous  aid  from  expensive 
labor  and  complicated  machinery ;  these 
are  to  be  avoided  as  much  as  possible. 

We  now  come  to  another  series  of  at- 
tempts in  what  was  called  the  preparation 
of  "  Gaseous  Coke  " — a  specious  and  de- 
ceptive term,  well  adapted  for  leading 
enthusiastic  experimenters  into  endless  per- 
plexities and  profitless  disasters.  Here  the 
olject  aimed  at  was  to  convert  small  coal 
by  the  addition  of  coal-tar,  either  in  a  pure 
state,  or  mingled  with  naphtha,  and  the 
other  ingredients  in  which  it  is  generally 
found  combined,  into  a  well  mixed  mass. 
It  was  then  to  be  put  into  a  suitable  oven, 
and  sufficiently  coked  to  cement  all  the 
materials  together,  to  be  afterwards  broken 
into  suitable  blocks  for  use. 

This  partial  coking  is  the  leading  idea 
of  many  attempted  experiments,  and  runs 
through  many  patents.  Numerous  schemes 
were  brought  forward  to  obtain  cheap  fuel 
by  this  method  of  procedure,,but  as  they  all 
more  or  less  involved  the  previous  manu- 
facture of  their  most  essential  ingredient, 
coal-tar,  as  might  have  been  expected,  the 
anticipations  of  the  numerous  projectors 
were  not  realized,  and  led  to  barren  re- 
sults. 

In  the  year  1823  a  step  was  taken  in  the 
right  direction,  by  the  simple  employment 
of  two  of  the  most  abundant  of  the  real  raw 
materials  of  fuel,  making  the  cheaper  assist 
the  most  costly.  In  this  attempt  bitumin- 
ous coal  of  good  caking  quality  was  mixed 
with  culm,  or  the  small  of  stone  coal,  or 


anthracite,  these  being  mixed  together  in 
definite  proportions,  and  then  converted 
into  a  kind  of  soft  coke  in  ovens  in  the 
usual  way,  by  a  partial  carbonization.  The 
anthracite  was  broken  small  and  mixed 
with  a  proportion  of  small  bituminous  coal 
sufficient  in  quantity  to  make  a  good  freely- 
burning  coke.  As  far  as  I  am  aware,  this 
is  the  first  time  in  which  anthracite  is  pro- 
posed for  the  purpose.  This  appears  to 
have  been  the  first  rational  attempt  in 
really  the  true  direction  to  combine  two 
abundant  raw  materials,  and  if  properly 
carried  out  might  have  produced  a  moder- 
ately priced  article,  useful  in  times  of  coal- 
dearth  like  that  now  existing.  It  might, 
perhaps,  be  much  improved  in  combustible 
quality,  by  the  addition  of  a  small  quantity 
of  the  common  mineral  or  earth  oils  now  so 
abundantly  found  in  many  parts  of  the 
world,  the  existence  of  which  at  that  time 
was  scarcely  known.  The  basis  of  this 
plan  was  of  course  to  enrich  the  poor  anthra- 
cites by  the  bituminous  qualities  of  better 
coal,  and  thus  obtain  a  useful  material 
adapted  for  ordinary  purposes. 

After  this  time  small  coal  was  combined 
with  lime,  clay,  marl,  blue  clay,  river  silt, 
or  deposits  made  in  stagnant  water,  and  all 
kinds  of  earths  in  general.  These  were  to 
be  broken  up  small,  mixed  together,  and 
receive  a  dose  of  tar  and  sufficient  small 
coals  to  give  the  mass  enough  consistency 
to  admit  of  its  formation  into  cakes,  to  be 
afterwards  dried  by  air,  or  by  artificial 
heat.  The  result  would  be  a  poor  material 
blessed  with  a  minimum  amount  of  com- 
bustible virtues,  and  liable  to  crumble  to 
dust,  unless  blended  together  by  carboniza- 
tion like  the  rest. 

About  the  year  1836,  a  new  and  attrac- 
tive field  of  investigation  and  experiment 
was  opened  up  to  the  delightful  eyes  of 
speculators  and  experimental  inventors. 
Attention  was  forcibly  drawn  to  the  vast 
quantities  of  moss,  bog,  and  peat,  lying 
comparatively  idle,  and  many  efforts  were 
made  to  utilize  this  really  valuable  material 
as  a  ready  means  of  producing  cheap  fuel 
— good  in  quality  and  abundant  in  quan- 
tity. For  this  purpose  peat-earth,  bog  and 
moss,  slimy,  or  any  other  kind  of  vegetable 
earth,  were  mixed  up  together,  in  some 
cases  simply  compressed  and  sold  as  turfs 
— in  others  mixed  with  nitre,  alum,  rosin, 
linseed,  green  vegetable  matter,  animal 
excrements,  and  similar  materials — all 
these   were   to    be  ground  up  together   in 
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mills,  pressed  into  moulds,  then  dried  by 
heat,  and  in  some  cases  partially  coked. 

Here  it  will  be  perceived  for  the  first 
time  that  we  enter  more  or  less  into  the 
domain  of  chemistry,  and  such  ingredients 
as  nitre  and  alum  are  brought  into  play,  to 
be  followed  soon  after  by  an  endless  variety 
of  chemical  compounds  to  facilitate  com- 
bustion in  the  more  refractory  materials 
employed.  In  addition  to  the  ordinary  bog 
earth,  moss,  and  peat,  a  long  list  of  other 
vegetable  materials  are  enumerated,  from 
the  bark  of  trees  down  to  fruits,  shells,  and 
seeds. 

We  are  gravely  informed  that  the  bitu- 
minous, resinous,  and  oleaginous  substances 
are  to  be  boiled,  distilled,  or  dissolved,  so 
as  to  separate  the  solid  from  the  liquid 
parts,  then  all  are  to  be  mixed  together, 
in  some  cases  simply  pressed,  in  others  to 
be  agglomerated  together  by  heat — altoge- 
ther a  very  pretty  process,  got  up  regard- 
less of  expense — a  sure  and  certain  way  of 
not  creating  cheap  or  useful  fuel — a  consum- 
mation most  devoutly  to  be  wished  in  the 
matter  of  peat. 

It  is  clear  that  every  such  process  of 
cutting,  grinding,  mixing,  moulding,  boil- 
ing, distilling,  and  dissolving  would  add  too 
much  to  the  cost  of  the  raw  material — 
plentiful  as  that  may  be, — and  that  conse- 
quently the  production  of  a  cheap  artificial 
fuel  was  impossible  by  any  such  elaborate 
means. 

A  great  variety  of  costly  machines,  of 
more  or  less  complexity,  were  invented  and 
brought  forward  for  every  kind  of  purpose 
connected  with  the  much-wished  for  utiliza- 
tion of  peat,  for  cutting,  drying,  grinding, 
and  compressing,  with  various  degrees  of 
success,  some  of  which  are  in  operation  at 
the  present  time.  To  these  may  be  added 
a  few  machines  for  the.  purpose  of  aiding 
in  the  introduction  of  chemical  compounds 
and  combustible  substances  into  the  peat 
and  turf,  which  were  to  yield  oxygen,  and 
heighten  the  heat  of  fuel  thus  prepared  ; 
but  little  or  nothing  came  of  these  fanciful 
combinations  ;  they  looked  well  enough  on 
paper,  but  were  of  little  use,  and  no  profit- 
able results  appear  to  have  followed  their 
introduction. 

Another  plentiful  variety  of  schemes  had 
for  their  origin  the  idea  of  converting  peat 
into  coke  by  means  of  slow  combustion  in 
suitably  prepared  ovens,  thus  distilling 
away  many  of  its  most  useful  proper- 
ties ;  the  peat  coke  so  prepared  was  then  to 


be  ground  to  powder,  and  as  before,  in 
many  other  cases,  to  be  mixed  with  pitch, 
tar,  rosin,  or  any  other  bituminous  matter 
in  a  melted  state,  then  ladled  into  moulds, 
and  dried  ready  for  use.  This  was,  with 
little  or  no  variety,  the  ordinary  process 
adopted  by  many  enthusiastic  projectors, 
who  overlooked  altogether  the  cost  of  so 
many  operations.  The  question  of  util- 
izing peat  or  bog  is  a  very  interesting 
and  tempting  one,  but  would  occupy  too 
much  space  for  discussion  in  these  brief 
notes. 

Another  series  of  speculations  now  came 
into  favor  for  a  time,  the  ruling  idea  being 
to  get  hold  of  any  material  naturally  spongy 
and  porous,  or  that  could  be  made  porous 
by  heat  or  partial  calcination.  These  par- 
tial and  imperfect  combustibles  were  to  be 
made  use  of  by  filling  up  their  pores  with 
inflammable  matter,  like  spirits  in  a  sponge, 
and  thus  it  was  sanguinely  hoped  to  pro- 
duce a  cheap  and  plentiful  fuel.  For  this 
purpose  lime,  chalk,  clay,  brick-earth,  po- 
rous stones,  or  any  earthy  substances  which 
in  their  nature  are  capable  of  being  satu- 
rated with  tar,  resin,  oily  and  fatty  matter, 
or  hydroc  irbons  and  similar  materials  of 
the  kind  were  employed.  The  porous  ma- 
terials had  to  be  saturated  with  the  com- 
bustible materials,  allowed  to  harden,  and 
so  in  due  course  became  ready  for  use.  In 
other  schemes  peat  fibres  were  to  be  actu- 
ally glued  together  by  the  application  of 
starch,  gluten,  glue,  size,  wheat  paste,  and 
similar  articles,  to  cement  the  fibres  togeth- 
er— a  very  sagacious  plan,  worthy  of  the 
wise  men  of  Gotham. 

It  is  not  necessary  here  for  any  practical 
purpose  to  go  through  a  pretty  long  list  of 
abortive  attempts  to  introduce  a  greater  va- 
riety of  purely  chemical  means  of  creating 
artificial  fuel  than  has  been  previously  al- 
luded to.  As  a  mere  matter  of  curiosity,  it 
may  be  stated  that  the  following  chemicals 
have  been  freely  employed  as  mixtures  to 
facilitate  the  combustion  of  artificial  fuels  : 
Chromate  and  chlorate  of  potash,  alum, 
rock-salt,  nitrates  of  soda,  potash,  and  alu- 
mina, nitric  and  hydrochloric  acids,  hypo- 
chlorate  of  lime,  sulphuric  acid,  hydrochlo- 
rate  of  manganese,  chloride  of  manganese, 
carbonates  of  soda  and  magnesia,  binoxide 
of  manganese,  oxide  of  iron,  ferricyanide  of 
ammonia,  acetates  of  iron  and  alumina. 
This  long  array  of  chemicals  is  quoted  in 
order  that  the  reader  may  judge  for  himself 
of  the  probability  of  any  satisfactory  result 
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being   obtained   from   such  an  amount  of 
complication  and  science  run  mad. 

Little  or  nothing  came  of  any  of  the 
schemes  in  which  this  sort  of  chemical  sci- 
ence and  materials  were  involved,  so  that 
elaborate  and  fancy  dreams  of  this  nature 
may  be  safely  neglected,  being  impractica- 
ble and  unprofitable  on  the  scale  required 
for  the  production  of  fuel  for  the  common 
purposes  of  every-day  life. 

Proposals  were  also  made  for  utilizing 
the  waste  heat  from  ordinary  cooking  ovens. 
For  this  purpose  a  series  of  close  ovens 
were  placed  immediately  over  the  common 
cooking  ovens,  so  that  the  small  waste  coal 
filled  into  the  upper  close  ovens  or  retorts 
was  sufficiently  softened  by  the  action  of  the 
waste  heat  to  bind  the  loose  coal  into  a  com- 
pact mass ;  it  might  then  be  withdrawn,  put 
into  moulds,  and  pressed  into  blocks  by  any 
of  the  ordinary  means  in  use  for  that  pur- 
pose. This  method  of  utilizing  waste  heat 
and  small  coal  might  be  successfully  ap- 
plied at  any  considerable  coking  establish- 
ment, such  as  is  now  used  by  every  railway 
company  for  the  manufacture  of  coke.  A 
patent  for  the  above  process  was  granted  to 
F.  Neville,  in  the  year  1838,  and  forms 
the  basis  of  several  others  for  similar  pur- 
poses. 

In  1845  Frederick  Ransome  turned  his 
attention  to  artificial  fuel,  and  introduced  a 
plan  for  cementing  together  small  coal  by 
means  of  a  solution  of  silica  dissolved  in 
ca,ustic  soda,  the  small  refuse  coal  so  treated 
to  be  then  compressed  into  blocks  suitable 
for  use.  In  the  year  1849  Henry  Bessemer 
devoted  some  time  and  attention  to  the  mat- 
ter and  proposed  simply  to  heat  small  coal 
sufficient  to  soften  it,  and  thus  render  it  ca- 
pable of  being  easily  pressed  into  moulds 
and  formed  into  solid  blocks. 

The  coal,  according  to  this  plan,  might 
be  softened  either  by  the  action  of  steam  or 
in  suitable  ovens.  Coal  alone  was  used ; 
no  extraneous  matter  of  any  kind  being  em- 
ployed. This  is  a  well-devised  scheme,  at 
once  simple  and  efficacious ;  the  waste 
steam  from  the  pit-engines  might  be  used 
for  the  purpose,  or  conveyed  to  a  small  boil- 
er and  re-heated  at  any  convenient  place 
near  the  spoil-banks  of  waste  coal. 

Frederick  Eansome,  in,  the  year  1856, 
brought  forward  one  of  the  most  simple  and 
erficient  plans  yet  devised  for  the  purpose  of 
converting  loose  small  coal  into  solid  blocks 
at  the  least  amount  of  trouble  and  expense. 
Fur  this  purpose  the  loose  small  coal  is  to 


be  placed  in  suitable  moulds,  then  to  be 
passed  into  an  oven  or  retort,  and  is  to  be 
just  sufficiently  heated  to  cause  the  loose 
coal  to  agglomerate  into  a  compact  mass,  at 
once  ready  for  use  on  being  cooled.  In 
this  simple  process,  like  that  of  Bessemer, 
nothing  but  the  pure  coal  is  employed,  be- 
ing entirely  free  from  foreign  admixture  or 
adulteration  by  any  other  ingredient,  and 
not  so  highly  carbonized  as  to  be  converted 
into  coke. 

With  suitable  heating-ovens  or  furnaces, 
this  appears  to  be  about  as  economical  a 
plan  as  any  out  of  the  many  yet  devised, 
and  such  ovens  may  be  readily  erected  near 
a  pit,  aod  thus  daily  utilize  the  waste  small 
coal  as  it  is  produced,  without  employing 
for  heating  the  moulds  a  single  scrap  of 
marketable  coal ;  it  is  therefore  admirably 
adapted  for  the  purpose  contemplated. 

Another  idea  put  forward  was  that  of 
bringing  "  all  natural  coals  to  a  uniform 
standard  of  combustible  power,"  by  artifi- 
cial means,  increasing  the  heat-giving  pow- 
er of  indirferent  coals  by  the  addition  of 
definite  proportions  of  coke,  resin,  naptha- 
line,  and  pitch,  and  similar  matters,  so  as 
to  render  them  equal  in  combustible 
strength  to  the  best  coals.  This  system 
has  been  hinted  at  before,  but  it  appears  to 
involve  too  many  processes  to  render  it  of 
any  very  great  economical  value  on  a  large 
scale  of  operations. 

As  before  remarked,  many  attempts  have 
been  made  to  improve  the  quality  of  the 
steam-coal  or  anthracite,  and  render  it  suit- 
able for  ordinary  domestic  purposes.  John 
Blythyn  employed  84  per  cent,  of  anthra- 
cite mixed  with  five  per  cent,  of  any  good 
bituminous  coal  and  5  per  cent,  of  coal  tar  ; 
to  this  mixture  5  per  cent,  of  water  is  add- 
ed. After  being  well  incorporated  together 
it  is  to  be  put  into  moulds  and  heated  to  a 
pulpy  condition,  care  being  taken  to  guard 
against  the  escape  of  any  of  its  gaseous  ma- 
terials. It  is  asserted  that  this  artificial 
fuel  does  not  emit  any  smoke — a  very  desi- 
rable quality,  if  true. 

Combinations  of  small  coal  and  lime  in 
different  shapes  are  numerous  ;  and  James 
Shaw  proposes  to  use  waste  coal,  to  which 
is  to  be  added  one-fourth  of  its  bulk  of  lime, 
which  are  to  be  thoroughly  incorporated, 
then  to  be  slightly  moistened — in  fact,  made 
into  a  small  coal  concrete ;  then,  of  course, 
come  the  inevitable  moulds  to  form  the 
blocks.  He  states  that  this  preparation 
gives  a  more  intense  heat  at  less  cost,  and 
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will  last  considerably  longer  than'  any  ordi- 
nary coal.  Some  prefer  to  use  the  lime  in 
a  slacked  state,  some  quick-lime ;  any  com- 
pound containing  lime  may  be  used ;  and 
some  more  simple-minded  or  more  ingenious 
than  others  gravely  propose  to  dip  their  ar- 
tificial blocks  into  a  cream  of  lime,  and  thus 
dress  them  up  in  a  summer  attire  of  creamy 
white. 

Some  inventors  of  a  more  facetious  turn  of 
mind  appear  to  have  drawn  their  ideas  of 
preparing  artificial  fuel  from  cookery  books ; 
here  is  a  specimen  proposed  by  a  gentleman 
of  this  lively  class,  evidently  of  very  san- 
guine temperament.  He  says  good  artifi- 
cial fuel  may  be  produced  from  limestone, 
slate,  or  other  stones,  which  become  porous 
when  properly  treated  ;  when  calcined  to 
perfection,  they  are  to  be  turned  into  a 
boiler,  and  then  boiled  with  gas-tar,  pitch, 
or  bitumen  ;  then,  by  way  of  sauce  piquante, 
there  is  to  be  added  a  decent  dose  of  paraf- 
fine,  naphtha  and  other  liquid  fuel,  which  so 
far  completes  the  cookery;  and  nothing 
now  remains  to  be  done  but  to  pop  the  pre- 
cious compound  into  ornamental  moulds 
and  serve  up  cold.  We  have  seen  that 
Ransome  proposed  to  cement  small  coal  to- 
gether by  means  of  a  solution  of  silica  in 
caustic  soda ;  whilst,  by  a  reverse  process, 
another  inventor  proposes  to  make  artificial 
fuel  which  shall  really  be  "nothing  more 
than  petroleum  solidified  by  coal  dust" — a 
very  handy  compound,  no  doubt,  and  possi- 
bly well  adapted  for  lighting  fires  instead 
of  sticks  and  paper.  He  makes  no  allusion 
to  the  more  pungent  than  elegant  perfume 
emitted  by  raw  petroleum  and  the  Stygian 
smoke  thereof. 

Not  long  since  I  received  a  letter  from 
my  excellent  friend  Monsieur  Dot,  of  Ot- 
tawa, Canada,  asking  if  it  was  not  possible 
to  utilize  the  immense  quantity  of  sawdust 
perpetually  accumulating  in  that  rising 
city.  It  seems  that  the  quantity  of  saw- 
dust in  that  place  accumulates  so  fast  at  the 
saw-mills  as  to  become  a  nuisance  even  to 
the  extent  of  choking  up  the  river  and  poi- 
soning the  fish. 

Here,  then,  is  a  raw  material  brought  in 
the  shape  of  timber  from  the  backwoods, 
and  converted  into  a  deal  of  dust  by  the 
relentless  teeth  of  the  never-ceasing  saws 
in  the  lumberers'  yards.  "Well,  there  is  no 
making  a  silk  purse  out  of  a  sow's  ear — 
but  sawdust  can  be  made  into  coke  or  char- 
coal— the  method  has  been  propounded 
often  enough  in  England ;  why  not  try  to 


carry  it  into  practice  in  Canada,  and  thu9 
convert  the  nuisance  into  a  utility — into 
fuel  in  fact  ? 

In  the  year  of  grace  1860,  Heir  Ludwig 
Buckholtz  proposed  to  carbonize  sawdust  or 
any  other  finely  divided  vegetable  substance ; 
to  effect  this  purpose  he  placed  the  sawdust 
in  a  closed  vessel,  and  passed  through  it  a 
current  of  hot  steam,  thus  expelling  the  air 
and  aqueous  vapor,  then  the  carbonization 
is  carried  on  by  heat  from  the  fire  in  the 
usual  manner.  If  steam  is  not  handy  the 
sawdust  had  better  be  dried  beforehand. 
The  apparatus  employed  was  a  vertical  re- 
tort containing  a  smaller  perforated  vessel, 
which  can  be  charged  from  the  top  ;  at  the 
bottom  end,  on  opening  a  slide,  the  char- 
coal falls  into  a  close  receptacle  beneath. 

This  may  be  useful  among  the  large 
lumber  establishments  of  Canada  and  Rus- 
sia, where  vast  quantities  of  sawdust  are 
produced,  as  well  as  Norway  and  Sweden. 

Another  mode  of  converting  it  into  fuel 
is  by  combining  with  the  sawdust,  chaff, 
chopped  straw,  birk,  strippings,  or  any 
similar  material,  then  mixing  them  with 
melted  resin,  pitch  or  gas-tar,  all  plentiful 
in  Canada,  blending  them  together  in  suit- 
able proportions,  moulding  into  blocks,  and 
drying  for  use.  Sawdust  dried  is  mixed 
with  resin,  in  small  quantity,  and  pine-oil 
— a  little  melted  resin  is  then  poured  in,  the 
the  whole  well  mixed  and  moulded  while 
hot ;  a  small  quantity  of  nitrate  of  soda  or 
potash  may  be  thrown  in  to  increase  its 
combustion,  and  it  may  then  be  easily  util- 
ized as  common  fuel  to  boil  the  pots  of  the 
lumberers.  Vegetable  charcoal  may  be 
made  irom  wood  sawdust,  by  being  acted 
on  and  carbonized  by  sulphuric  acid  and 
water;  the  acid  liquor  is  filtered  off,  and 
the  charcoal-powder  compressed  and  dried. 

These  are  the  ideas  of  separate  men  who 
have  turned  their  attention  to  utilizing 
sawdust,  so  that  Monsieur  Dot  and  the 
good  people  of  Ottawa,  with  these  hints, 
may  boil  *their  kettles  out  of  what  has 
hitherto  been  a  growing  nuisance.  "Faint 
heart  never  won  fair  lady."  So,  Monsieur 
Dot,  be  of  good  cheer,  and  work  up  your 
mounds  of  sawdust  into  fuel  for  the 
winter. 

In  bringing  this  brief  resume  of  the 
different  processes  followed  in  the  pro- 
posed production  of  artificial  fuel  to  a  con- 
clusion, it  will  be  seen  that  the  first  and 
simplest  principle  is  that  of  merely  com- 
pressing  the  loose  particles  of  small  coal 
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into  blocks.  The  second,  that  of  combining 
the  waste  coal  with  water  and  pressing  it 
into  blocks ;  this  I  have  seen  successfully 
practised  at  the  mines  of  Bedarieux  in  the 
south  of  France.  Then  comes  the  admix- 
ture of  foreign  combustible,  or  partially 
combustible  materials,  with  the  small  coal ; 
after  these  come  the  admixture  of  oils,  fats, 
petroleum,  and  hydrocarbons  in  great 
variety  ;  followed  in  due  course  by  the  in- 
troduction of  what  may  be  termed  pure 
chemicals,  already  sufficiently  alluded  to. 

Cheap  artificial  fuel,  made  from  waste 
or  refuse  materials,  still  remains  a  desidera- 
tum, and  is  quite  open  for  the  active  enter- 
prise of  men  of  energy  and  ability  who 
have  a  practical  knowledge  of  the  nature 
of  fuel,  and  the  whereabouts  of  the  neces- 
sary raw  materials.  It  must  always  be 
borne  in  mind  that  little  benefit  or  real 
good  can  result  from  any  effort,  unless  such 
fuel  can  be  made  on  a  large  scale  ;  for  the 
supply  will  have  to  be  estimated  by  mil- 
lions of  tons. 

It  seems  almost  as  if  we  shall  have  to  go 
back  to  the  early  ideas  of  worthy  old  Sir 
Hugh  Piatt,  and  make  considerable  use  of 
marl,  as  he  first  proposed  in  the  days  of 


Queen  Bess,  with  lime  and  chalk,  to  be 
rendered  more  or  less  combustible  by  the 
admixture  of  small  coal  and  peat,  leaving 
aside  the  more  fanciful  combinations  of 
pure  chemistry. 

Many  proposals  to  cheapen  the  production 
of  fuel,  at  the  present  time  of  high  prices, 
are  suggested  in  the  daily  journals,  recom- 
mending, in  most  cases,  the  application  of 
small  quantities  of  tar,  rosin,  and  similar 
substances,  to  assist  in  the  more  perfect 
combustion  ;  but  something  more  than  this 
makeshift  is  required,  to  convert  a  tempo- 
rary effort  and  hand-to-mouth  scheme  into 
a  practical,  useful,  and  permanent  source  of 
fuel  supply.  A  judicious  combination  of 
waste  coal,  authracite,  lime,  marl,  etc.,  may 
yet  be  found,  by  diligent  inquiry  and  ex- 
periment, to  produce  a  fuel  of  fair  quality 
!  and  reasonable  price ;  but  such  experi- 
I  ments  for  the  purpose  should  be  made  at 
the  works,  and  not  merely  in  a  comfortable 
laboratory.     Perhaps   these  few  gleanings 


may  be  the  means  of  drawing  attention  to 


this,  now  more  than  ever,  important  matter, 
|  and  revive  intelligent  inquiry  into  the  whole 
j  bearing  of  the  interesting  subject  of  cheap 
i  fuel. 


THE  SPECTEOSCOPE  SIMPLIFIED. 


[We  gladly  publish  the  following  com- 
munication from  a  scientific  gentleman  of  a 
neighboring  city. — En.]  : — 

Mn.  Editor, — For  the  last  few  months  I 
have  been  engaged  in  a  series  of  investiga- 
tions by  means  of  the  spectroscope,  in  the 
prosecution  of  which  I  have  discovered  some 
very  simple  means  of  producing  results  that 
have  hitherto,  so  far  as  I  am  informed,  re- 
quired more  or  less  complicated  and  ex- 
pensive apparatus.  In  arranging  a  small 
compound  prism  for  the  purpose  of  con- 
structing a  direct-vision  spectroscope  I  was 
surprised  to  find  that  the  prism  alone, 
without  slit,  collimator,  or  observing  tele- 
scope, gave  me,  by  direct  sunlight,  a  distinct 
view  of  all  the  principal  Fraunhofer  lines. 
So  sharply  were  they  defined  that  I  could 
easily  resolve  the  b  group.  My  first  im- 
pression was  that  this  result  was  attributa- 
ble to  the  peculiar  construction  of  the  com- 
pound prism,  but  a  little  reflection  con- 
vinced me  that  the  same  results,  in  greater 
or  less  degree,  might  be  obtained  from  any 
prism,  and  I  immediately  proceeded  to  test 


the  truth  of  this  conclusion.  I  found  that 
any  ordinary  dense  flint  prism  of  GO  deg. 
would  give  similar  results.  It  is  not 
limited,  however,  to  prisms  of  any  par- 
ticular material  or  angles.  With  two  prisms 
of  60  deg.,  filled  with  bi-sulphide  of  car- 
bon, very  fine  results  may  be  obtained,  and 
the  components  of  the  D  line  made  dis- 
tinctly visible  to  the  naked  eye.  The  most 
satisfactory  mode  of  arranging  and  using 
the  prisms  is  as  follows  : — A  beam  of  direct 
sunlight  is  made  horizontal  by  means  of  an 
ordinary  mirror,  and  from  this  the  ray  is 
received  upon  the  face  of  the  prism  at  an 
angle  to  the  perpendicular  of  as  near 
90  deg.  as  possible.  This  would  give  the 
angle  of  maximum  deviation  to  the  emer- 
gent ray,  and  owing  to  the  peculiar  manner 
in  which  the  light  strikes  the  prism,  gives 
the  main  Fraunhofer  lines  without  the  aid 
of  slit  or  collimator.  It  is  much  more 
satisfactory,  however,  to  use  two  prisms,  in 
which  case  the  second  one  is  placed  so  as 
to  receive  the  mean  ray  from  the  first 
prism  at  the  angle  requisite  to  produce  the 
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angle  of  minimum  deviation.  With  one 
prism,  it  is  easy  also  to  obtain  the  principal 
bright  lines  of  colored  flames,  but  in  this 
case  the  bands  will  be  somewhat  curved 
owing  to  the  divergency  of  the  rays.  The 
lines  can,  however,  be  produced  nearly 
straight  by  placing  the  flame  at  a  distance 
from  the  prism.  The  prism  then  is  of  itself 
a  spectroscope,  a  fact  of  evident  value  to 
those  whose  facilities  and  appliances  for  this 
kind  of  work  are  limited. 

Following  the  same  course  of  inquiry,  I 
found  that  the  diffraction  plate  gave  me 
similar,  but  much  more  striking  results. 
By  receiving  the  ray  upon  the  plate  at  the 
greatest  possible  angle  the  naked  eye 
readily  detects  the  Fraunhofer  lines.  In 
the  spectrum  of  the  2d,  3d,  4th,  and  5th 
orders  the  components  of  the  D  line  are 
readily  resolvable,  and  with  an  observing 
telescope  of  a  power  of  finer  diameter,  the 
nickel  line  is  easily  seen  in  the  spectrum  of 
the  5th  order.  These  facts  are,  so  far  as  I 
ean  learn,  entirely  new.  The  production 
of  a  pure  spectrum  has  been,  by  all 
writers  and  workers,  considered  as  de- 
pendent upon  the  slit.  Only  one  author 
that  I  have  examined,  Helmholtz,  recog- 
nizes the  fact  that  a  pure  spectrum  can  be 
obtained  at  the  angle  of  maximum  as  well 
as  that  of  minimum  deviation,  but  he  does 
not  recognize  the  fact  it  can  be  obtained  by 
the  prism  alone. 

A.  K.  Eaton. 

P.  S. — Since  writing  the  above  I  have 
attached  the  diffraction  plate  to  the  telescope 
of  the  Packer  Institute  Observatory,  and, 
using  a  collimator  alone,  but  without  an 
observing  telescope,  obtained  a  fine  view  of 
the  red  prominences  by  the  naked  eye. 

A.  K.  Eaton. 
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American  Society  of  Civil  Engineers.— A 
regular  meeting  of  this  Society  was  held  at 
the  rooms  in  New  York,  March  5th,  1873. 

A  paper  on  "  Shaw's  Gunpowder  Pile-driver," 
by  Samuel  R.  Probasco,  C.  E.,  of  Brooklyn,  N.  Y., 
was  read. 

This  pile-driver  was  set  at  work  in  October, 
1872,  on  a  line  of  sheet  piles  for  a  reservoir  dam 
in  the  valley  of  Parsonage  Creek,  Long  Island. 
The  material  to  be  penetrated  was  sand  and  fine 
gravel,  cemented  together  in  places  so  as  to  be 
hard  and  difficult  to  move  with  a  pick,  and  like 
'•  hard  pan.''  Clay  was  found  below  the  water 
level  of  the  basin ;  some  borings  showing  it  at  15 
ft.  below  the  surface;  the  lower  stratum  was 
tough  and  tenacious,  and  the  whole  material  was 
under  water. 


The  machine  in  form  resembles  an  ordinary 
pile-driver  ;  a  cast-iron  block  called  a  "  gun,"  rest- 
ing on  the  head  of  the  pile,  is  bored  out,  and  re- 
ceives without  windage  a  wrought-iron  piston  at- 
tached to  another  cast-iron  block  called  the  "  ram," 
which  is  lifted  by  explosion  of  powder  in  the  bore. 
When  the  piston  leaves  the  gun  a  cartridge  la 
thrown  in,  which,  exploded  by  the  heat  freed  by 
the  piston  in  its  descent,  throws  the  ram  upward 
again,  and  forces  the  pile  downward.  The  area 
of  the  piston  is  adjusted,  to  the  weight  of  the  ram, 
which  also  is  adjusted  to  the  work  to  be  done. 
Soda  powder  cartridges  in  cylinders  of  1  k  to  1 2 
oz.,  coated  with  black  lead  and  paraffine,  are  used.. 
The  coating  is  expected  to  keep  the  powder  dry, 
lubricate  the  gun,  preserve  the  requisite  tight- 
ness, prevent  escape  of  gas,  and  cause  the  entire 
force  to  be  exerted  on  the  base  of  the  piston. 

The  piston  is  made  a  little  smaller  than  the 
bore  of  the  gun,  and  has  on  its  lower  end  a  steel 
ring,  which  fits  the  bore  closely.  The  perform- 
ance was  as  follows :  At  first  several  explosions 
were  necessary  to  rubricate  the  gun,  which 
leaked  gas  so  that  the  ram  would  not  go  to  the 
requisite  height  to  move  the  pile.  After  a  few 
shots  the  piston  moved  up  regularly,  and  in  its 
descent  fired  the  charge,  forcing  the  pile  down 
and  itself  upward.  When  the  resistance  is  slight 
this  machine  may  be  economical,  but  when,  as  in 
this  case,  it  required  300  blows  from  cartridges 
costing  2h  cents  each  to  force  a  pile  down  15  or  1G 
ft.,  it  cannot  be  called  so.  The  gas  from  the  ex- 
plosions cut  passages  in  the  ring  at  the  end 
of  the  piston,  and  thereby  much  lessened  the  power 
of  the  machine.  The  gun  became  hot  from  the 
rapid  discharges,  and  the  bore  enlarged,  whereby 
more  gas  escaped  ;  7  piles  were  driven  with  it — 
each  costing  more  for  powder  than  the  contractor 
got  for  piles  in  place — when  the  machine  refused 
to  work.  On  examination,  the  steel  ring  was 
found  furrowed  by  the  powder,  and  the  piston 
(diameter  5  in.)  so  bent  by  striking  the  bottom  of 
the  gun,  as  to  be  useless.  The  air  cushion  relied 
upon  to  prevent  this  was  lost  by  the  furrowing  of 
the  ring.  The  inventor  on  being  consulted  de- 
cided that  the  excessive  consumption  of  powder 
was  due  to  the  piston  being  too  small  for  the  ram, 
weighing  over  1,700  lbs.  The  bore  of  the  gun 
was  then  enlarged  to  receive  a  piston  7  in.  in  diam- 
eter, and  10  piles  more  were  driven,  when  the 
machine  was  again  laid  aside.  The  result  of  this 
trial  was  similar  to  the  first,  except  that  the  piston 
was  not  bent.  The  gun  got  so  hot  as  to  fire  the 
powder  before  the  ram  reached  its  place.  Alto- 
gether 1 7  piles  were  driven  to  a  depth  of  from  14  to 
19  ft. ;  requiring  from  200  to  300  blows  of  H  oz. 
cartridges.  An  ordinary  pile-driver  was  then  em- 
ployed, with  a  hammer  weighing  1,800  lbs.  and 
falling  8  to  10  ft.  In  this  way  11  piles  were  put 
down  15>£  ft.  in  10  hours— costing  per  pile  no; 
more  than  100  blows  from  the  powder  machine.' 
These  100  blows,  at  best,  would  put  the'  pile  down 
but  10  ft. 

The  piling  was  spruce,  from  10  in.  X  10  in.  to 
10  in.X  14  in. — 20  ft.  long — with  2  in.  square 
tongue  and  groove . 

The  piles  were  bevelled  at  the  point  on  three 
sides,  leaving  the  grooved  side  untouched.  The 
groove  was  driven  on  the  tongue  of  the  precedin  r 
pile.  The  heads  were  protected  with  a  light  band, 
7  piles  were  driven   without  shoeing,  the  eighth 
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split  and  showed  the  necessity  of  protection  at  the 
point.  A  cast- iron  cup  shoe,  weighing  about  40 
lbs.,  with  a  groove  in  it,  and  made  with  three 
bevels  and  one  plain  side,  was  found  to  stand  the 
work.  The  tendency  of  the  tongue  of  the  pile  to 
work  up  was  obviated  by  twisting  a  chain  tightly 
about  the  pile  and  tongue ;  a  lever  with  rope  at- 
tached was  used  for  this  purpose,  the  force  being 
applied  as  the  blow  was  delivered ;  75  piles  were 
driven  in  this  way  to  a  mean  depth  of  15  £  ft.  By 
experience  6  in.  more  depth  has  been  attained, 
which  is  about  the  maximum  penetration  in  this 
kind  of  material,  and  this  can  only  be  done  with 
the  best  of  sound,  dry  spruce. 

A  brief  discussion  followed,  after  which  a  paper 
on  "  Rail  Economy"  by  C.  P.  Sandberg,  C.  E.,  of 
London,  England,  in  reply  to  the  discussion  had 
upon  a  former  paper  of  his  on  the  same  subject, 
was  read. 

In  that  discussion  it  had  been  remarked  under 
the  head  of  "  Traffic  Capacity"  that  the  weight  on 
locomotive  driving  wheels,  stated  therein,  differed 
from  American  practice — that  on  the  Philadelphia 
and  Reading  Railroad,  4  tons  on  drivers  were  not 
exceeded  for  a  G4  lb.  rail,  and  that  on  the  Erie 
Railway  5h  tons  had  been  found  too  much  for  a  70 
lb  rail. 

Mr.  Sandberg  herein  replied  that  it  would  be  in- 
teresting to  know  what  weight  the  rail  and  the 
rail  joint  would  carry  in  the  two  instances  men- 
tioned; 6|  tons  on  drivers  on  a  60  lb.  rail,  as  stat- 
ed in  the  table,  and  considered  excessive,  might 
not  be  so ;  the  table  showed  that  the  60  lb .  rail  of 
standard  section  with  fish-plate  would  carry  14  tons 
in  the  middle  between  3  ft.  bearings,  and  9£  tons 
at  the  joint  between  2  ft.  bearings.  According  to 
the  table  the  maximum  load  on  drivers  on  stand- 
ard sections  was  one-third  what  the  rail  in  the  mid- 
dle would  carry,  and  two-thirds  of  what  the  rail- 
joint  would  sustain.  In  order  to  obtain  the  full 
value  of  the  material,  the  joint  ought  to  be  as  stiff 
as  the  middle  of  the  rail.  For  this  it  is  best  to  use 
the  fish-plate  as  thick  as  will  not  interfere  with 
the  tyre  flange ;  the  angle  should  be  as  small  as 
will  permit  an  easy  rolling  of  the  rail.  This  angle 
is  11  deg.  and  15  deg.,  the  latter  for  light  rails,  ex- 
periments having  proved  that  the  smaller  the  an- 
gle, the  stiffer  the  joint.  With  this  fishing,  the 
capacity  of  the  rail  at  the  joint  is-  two-thirds  that 
at  the  middle,  while  with  ordinary  fastenings  it  is 
but  ^ .  In  regard  to  the  Erie  sections,  experi- 
ments have  shown  that  this  rail  will  bear  at  the 
joint  but  2  tons,  while  at  the  middle  it  will  carry 
10  tons;  hence  it  is  not  strange  that  5^-  tons  on  the 
drivers  proved  disastrous.  The  necessity  of  suffi- 
cient thickness  in  the  fish-plates  is  often  over- 
looked. It  is  doubtless  prudent  to  increase  the 
number  of  drivers  on  American  roads,  but  the 
statement  that  6£  tons  on  a  60  lb.  standard  rail 
section  with  standard  fastenings,  is  excessive, 
should  be  modified.  This  load  is  not  the  most 
economical  for  working  a  line,  but  that  to  which 
a  i  increase  of  traffic  might  extend. 

Many  European  railways  with  a  70  lb.  section 
have  a  joint  carrying  only  6  tons,  owing  to  too 
large  an  angle  and  too  thin  a  fish-plate. 

INSTITUTION  OF  MECHANICAL  ENGINEERS.— 
The  general  meeting  of  members  was  held  on 
May  1,  at  the  Institution  of  Civil  Engineers,  Lon- 
d  n. 


Mr.  C.  William  Siemens,  D.  C.  L.,  F.  R.  S., 
President,  in  the  chair. 

The  Secretary  (Mr.  W.  P.  Marshall)  read  the 
minutes  of  the  previous  meeting,  and  the  election 
was  announced  of  a  number  of  new  members. 

The  first  paper  read  was  "  On  the  Allen  Gov- 
ernor for  Steam  Engines,"  by  Mr.  Frederick  W. 
Kitson,  of  Leeds,  which  is  the  invention  of  Mr. 
Huntoon,  of  Boston,  United  States,  and  consists 
of  a  small  paddle  wheel,  driven  by  the  engine,  and 
revolving  at  a  high  speed  within  a  cylindrical 
casing  partly  filled  with  oil,  the  casing  being  free 
to  turn  loose  upon  the  paddle-wheel  shaft.  Pro- 
jecting ribs  inside  the  casing  come  nearly  into 
contact  with  the  revolving  paddles,  and  the  resist- 
ance to  the  passage  of  the  oil  causes  a  tendency  in 
the  casing  to  rotate  with  the  wheel,  and  this  is 
counteracted  by  a  weight  that  is  suspended  from 
the  casing  and  wound  up  by  any  rotation  of  the 
casing.  The  weight  is  adjusted  to  balance  ex- 
actly this  rotative  force  when  the  engine  is  run- 
ning at  its  proper  speed,  but  when  that  speed  is 
exceeded  the  weight  is  overcome  and  drawn  up, 
or,  if  the  speed  falls  off,  the  weight  at  once  drops. 
The  weight  is  connected  to  the  level  of  the  throt- 
tle-valve, so  as  to  shut  it  when  rising,  and  thus 
prevent  increase  of  speed  of  the  engine,  or  to 
open  the  valve  when  falling,  admitting  the  re- 
quired steam  for  maintaining  the  speed.  In  the 
event  of  any  reduction  in  the  load  upon  the  en- 
gine, however  sudden,  the  governor  is  instantly 
adjusted  accordingly  by  the  weight  being  wound 
up  until  the  throttle-valve  opening  is  reduced  to 
the  proportionate  area  required  for  driving  at  the 
same  speed  with  the  reduced  load,  and  with  any 
increase  of  load  a  corresponding  change  of  posi- 
tion takes  place.  This  governor  has  been  in  use 
nearly  a  year  on  several  engines  at  the  writer's 
works,  and  in  one  of  these  driving  a  steel  tyre 
rolling  mill,  an  increase  of  400  horse-power  sud- 
denly takes  place,  and  is  suddenly  thrown  off  in 
the  course  of  the  work  ;  this  governor  is  found  to 
control  the  engine  completely,  without  any  change 
of  speed  being  perceptible,  the  stop  valve  being 
left  full  open  throughout.  This  governor  is 
driven  by  gearing,  so  as  to  avoid  any  risk  of  acci- 
dent from  a  belt  slipping.  With  the  ordinary 
Watt  governor  previously  used  in  this  case  it  was 
necessary  for  the  engineman  always  to  stand  by  the 
throttle-valve,  and  handle  it  whilst  rolling  a  tyre, 
to  prevent  the  engine  being  pulled  up  by  the  in- 
creased resistance,  or  running  away  after  the  tyre 
was  rolled.  In  order  to  prevent  any  tendency  of 
the  governor  to  over-run  when  changing  its  posi- 
tion the  weight  is  suspended  from  a  spiral,  which 
increases  its  leverage  when  wound  up  to  the  high- 
est position,  and  diminishes  its  leverage  at  the 
lowest  position,  so  as  to  cause  the  governor  in  each 
case  to  return  at  once  to  its  correct  position .  The 
means  of  readily  changing  the  working  speed  of 
the  engine  is  given  by  adding  or  removing  a  por- 
tion of  the  suspended  weight,  which  is  made  in 
segments  for  this  purpose.  A  balanced  throttle- 
valve  is  employed  with  this  governor,  consisting 
of  a  hollow  double-beat  valve,  which  has  the  two 
seats  cylindrical  and  of  equal  diameter,  and  offers 
very  little  resistance  to  any  change  of  position, 
and  the  governor  is  connected  directly  to  it  by  a 
pinion  working  into  a  toothed  sector.  The  gov- 
ernor is  at  work  at  several  ironworks,  paper  mills, 
and  cotton  mills,  and  is  found  to  work  without 
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any  trouble  in  keeping  in  order  or  maintaining  the 
oil  supply,  and  to  give  very  satisfactory  results. 
A  working  model  of  the  governor  was  exhibited, 
together  with  specimens  of  the  separate  parts  of 
the  throttle-valve.  ' 

The  next  paper  was  "  On  Wenham's  Heated  Air- 
Engine,"  by  Mr.  Conrad  W.  Cooke,  of  London. 
Of  the  many  attempts  that  have  previously  been 
made  to  employ  the  expansion  of  heated  air  for 
producing  motive-power  the  most  important  in 
practical  results  were  those  of  Stirling  and  Erics- 
son, in  each  of  which  the  air  was  heated  in  a  closed 
vessel  over  a  fire .  But  the  low  conducting  power 
of  air  rendered  this  a  very  imperfect  mode  of  heat- 
ing it,  and  the  extensive  repairs  necessitated  by 
the  burning  out  of  the  bottom  of  the  heating  vessel 
caused  Stirling's  engine  to  be  abandoned,  after 
having  driven  the  work  of  a  foundry  for  three 
years.  In  Cayley's  heated  air-engine,  which  was 
a  previous  invention,  the  fire  was  enclosed  in  an 
air-tight  chamber,  and  the  air  for  working  the  en- 
gine was  pumped  in  partly  below  the  fire  for  sup- 
porting combustion,  and  partly  above  the  fire,  mix- 
ing with  the  products  of  combustion,  the  whole  of 
which  was  passed  through  the  engine ;  this  plan 
has  an  important  advantage  in  the  direct  mode  by 
which  the  air  is  heated.  In  Wenham's  engine  the 
same  principle  is  employed,  with  the  distinctive 
feature  that  no  separate  air-pump  is  employed  for 
compressing  the  air,  this  being  effected  at  the  top 
of  the  working  cylinder  by  increasing  the  clearance 
space  and  making  use  of  the  cushioning  for  the 
purpose.  The  engine  has  a  single-acting  vertical 
cylinder,  the9upstroke  being  made  by  the  pressure  of 
the  heated  air  below  the  piston,  and  the  engine  is 
carried  through  the  downstroke  by  the  fly-wheel. 
The  external  cold  air,  admitted  by  an  inlet  valve  into 
top  of  the  cylinder  during  the  downstroke,  is  com- 
pressed during  the  first  half  of  the  upstroke,  and 
is  then  delivered  during  the  remaining  half  stroke 
through  a  weighted  valve  into  the  furnace  cham- 
ber; the  delivery  passage  is  divided  into  two 
branches,  one  conveying  a  small  portion  of  the  air 
beneath  the  fire-grate  for  maintaining  the  combus- 
tion, while  the  greater  part  of  the  air  is  conveyed 
by  the  other  passage  into  the  upper  portion  of  the 
furnace  chamber,  above  the  fire.  A  swing  valve 
at  the  junction  of  the  two  branch  air-passages  de- 
termines the  relative  proportion  of  air  delivered 
through  each,  and  this  valve  being  controlled  by 
the  governor  of  the  engine  regulates  the  supply  of 
air  to  the  fire,  and  consequently  the  combustion  of 
fuel,  exactly  in  proportion  to  the  work  done  by 
the  engine.  From  the  furnace  chamber  the  heated 
air,  mixed  with  the  products  of  combustion,  is  ad- 
mitted by  a  lifting  valve  inte  the  bottom  of  the 
working  cylinder  during  the  upstroke,  and  in  the 
downstroke  it  is  discharged  into  the  atmosphere 
through  an  exhaust  valve,  these  two  valves  being 
opened  alternately  by  a  cam  on  the  fly-wheel  shaft, 
and  closed  by  a  spring.  The  furnace  chamber  is 
of  cylindrical  shape,  lined  with  a  thick  wall  of 
fire-brick  containing  a  number  of  highly  heated 
vertical  flues,  through  which  the  products  of  com- 
bustion pass,  causing  a  perfect  combustion  of 
smoke ;  the  central  part  of  the  furnace  is  filled 
from  the  top  with  a  charge  of  fuel  sufficient  to 
last  throughout  a  day's  working,  and  the  furnace 
is  then  closed  air-tight  both  at  the  top  and  bottom. 
The  working  surface  of  the  cylinder  is  protected 
from  exposure  to  the  heated  air  and  products  of 


combustion  by  a  protecting  drum  below  the  piston, 
adopted  from  previous  air-engines,  which  nearly 
fills  the  diameter  of  the  cylinder,  and  is  of  great- 
er length  than  the  stroke  of  the  piston ;  and  any 
dust  entering  the  cylinder  is  blown  out  at  the  ex- 
haust from  the  bottom.  The  piston  is  lubricated 
with  a  dry  plumbago  powder,  and  in  practice  the 
cylinder  is  found  to  maintain  a  good  working  face, 
and  to  be  as  durable  as  those  of  steam-engines. 
This  air-engine  has  proved  very  successful  for  cases 
where  a  small  amount  of  power  is  required,  and 
has  the  advantage  of  working  for  long  periods 
without  requiring  attention  for  firing  or  for  the 
engine,  and  with  freedom  from  the  risk  of  explo- 
sion or  fire  attending  the  use  of  a  steam-engine. 
One  of  these  engines  was  shown  at  work  in  the 
neighborhood. 

Mechanical  Stoking.  —At  the  meeting  of  the 
Society  of  Engineers  on  Monday  ( Mr.  Jabez 
Church,  President  in  the  chair),  a  paper  on  charg- 
ing and  drawing  gas  retorts  by  machinery,  was 
read  by  Mr.  J.  Somerville,  of  Dublin.  The  author 
first  referred  to  the  necessity  that  existed  for  the 
adoption  of  machinery  in  this  respect,  on  account 
of  the  exhausting  and  demoralizing  nature  of  the 
work  of  gas  stoking,  and  also  in  consequence  of  the 
strikes  amongst  gas  stokers,  of  which  the  recent 
strike  in  London  was  a  notable  example.  The 
firstf  attempt  at  mechanical  charging  was  made  by 
Clegg,'who  had  fed  coal  dust  onto  an  endless  iron 
web  revolving  through  the  retort.  This  method 
was  tried,  but  proved  a  failure.  Brunton  in  1840 
endeavored  to  carry  out  the  same  principle,  but 
being  defective,  failure  again  resulted.  The  first 
attempt  at  direct  steam  stoking  was  made  by 
Michael,  who  used  an  apparatus  running  on  rails 
in  front  of  the  retorts.  Coal  was  fed  into  the  re- 
torts at  the  top  from  wagons  running  on  overhead 
ways,  and  the  coke  was  pushed  out  at  the  opposite 
ends  of  the  retorts.  The  arrangement,  however, 
was  cumbrous,  and  did  not  come  into  practice. 
Mr.  Green,  of  the  Preston  Gasworks,  has  the 
credit  of  being  the  pioneer  in  mechanical  stoking, 
inasmuch  as  the  apparatus  designed  by  him  (but 
which  was  not  carried  out  in  practice)  has  served 
as  a  model  upon  which  all  subsequent  machines 
have  been  based.  The  Best  and  Holden  machine, 
next  described  by  the  author,  was  first  tried  at  the 
Horseferry  "Works  of  the  Chartered  Gas  Com- 
pany. In  1867,  on  account  of  strikes,  it  was  intro- 
duced into  the  Alliance  Gasworks,  Dublin,  of 
which  Mr.  Somerville  is  the  engineer.  By  it  the 
retorts  were  charged  and  drawn  at  the  rate  of  60 
per  hour,  or  three  times  as  quick  as  by  manual 
labor.  Mr.  Holden  has  since  introduced  a  new 
feature  into  this  machine  at  the  Beckton  Gas- 
works, where  it  is  worked  by  an  endless  wire-rope 
and  a  stationary  engine.  Dunbar  and  Nicholson's 
machine  was  then  described,  the  author  stating 
that  it  had  been  tried  in  London,  but  had  not 
been  adopted ;  it  was  complicated  in  its  construc- 
tion. Working  Best  and  Holden's  machine  at  his 
gasworks  gave  the  author  an  opportunity  of  seeing 
its  defects.  He,  therefore,  designed  another  ma- 
chine embodying  improvements  upon  the  other. 
He  uses  two  separate  machiness,  one  for  drawing 
and  another  for  charging,  the  retorts  being  served 
at  both  ends,  and  the  machines  following  each 
other  up  in  their  work.  The  author  gave  the  re- 
sults of  working  by  these  machines,  which  showed 
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that  the  cost  of  carbonizing  coal  was  Gd.  per  ton 
with  the  machines,  and  Is.  lid.  by  manual  labor. 
This  was  taking  the  price  of  labor  in  Dublin,  but 
by  adopting  London  rates  of  wages  in  the  calcula- 
tion the  saving  effected  would  be  much  greater. 


IRON  AND  STEEL  NOTES. 

Surface-Hardening  Steel.— The  action  of 
rubbing  surfaces  moving-  at  a  high  velocity  is 
proposed  to  be  applied  to  the  surface-hardening  of 
steel,  by  Mr.  G.  Armes,  Rochester. 

This  invention  has  been  patented,  and  consists 
in  hardening  tbe  surface  of  steel  without  harden- 
ing the  body  thereof,  by  subjecting  the  surface  of 
the  steel  to  be  so  hardened,  while  in  motion,  to 
the  action  of  a  surface  in  contact  moving  at  a  very 
high  velocity. 

If,  for  example,  it  be  desired  to  harden  the  sur- 
face of  a  cylinder  made  of  steel,  the  cylinder  is 
mounted  in  a  lathe  turning  at  the  slow  motion 
usually  given  for  turning  such  a  body  in  the  usual 
engine-lathe.  To  this  is  applied  an  emery  wheel 
rotating  at  a  velocity  of  about  1800  revolutions 
per  min.  The  periphery  of  the  emery  wheel  is 
kept  in  contact  with  the  surface  of  the  cylinder, 
which,  in  addition  to  its  slow  rotary  motion,  has  a 
traversing  motion  of  a  little  less  than  an  inch  to 
each  revolution .  At  the  end  of  this  operation  the 
entire  surface  of  the  cylinder  will  be  hardened  to 
a  depth  of  about  £$  in.,  and  so  hard  that  it  will 
resist  the  action  of  the  best  tools  made  of  cast  steel 
and  hardened  in  the  usual  way. 

Better  results,  it  is  stated,  can  be  obtained  when 
the  emery  wheel  can  be  run  at  a  higher  velocity 
than  that  above  given  ;  and  cast-iron  wheels  with 
smooth  f  .ices,  or  hard  substances,  may  be  employ- 
ed in  lieu  of  emery  wheels. 

Eor  hardening  flat  surfaces,  the  piece  of  steel 
should  be  mounted  in  a  carriage  so  that  it  can  be 
moved  forward,  in  order  to  present  in  succession 
every  part  of  the  surface  to  contact  with  the  per- 
iphery of  the  wheel ;  or  the  same  result  can  be  pro- 
duced by  mounting  the  wheel  in  a  carriage  having 
the  required  traversing  motions.  Or  if  the  surface 
to  be  hardened  be  of  greater  width  than  the  face 
of  the  wheel,  the  block  steel  may  be  mounted  on  a 
carriage  having  one  motion,  and  the  wheel  also 
mounted  in  a  carriage  having  a  motion  at  right 
angles  to  the  motion  of  the  block-carriage. 

If  the  surface  to  be  hardened  be  of  any  form 
than  a  cylinder  or  flat  surface,  the  form  of  the 
periphery  of  the  wheel  or  the  motions  to  be  given, 
other  than  the  rotary  hardening  motion,  must  be 
such  as  to  present  in  succession  every  part  of  the 
surface  to  the  action  of  the  wheel. 

The  process  can  obviously  be  applied  to  the 
hardening  of  the  surface  of  any  article  made  whol- 
ly or  in  part  of  steel,  unless  the  surface  be  so  ir- 
regular that  the  required  motion  for  contact  and 
action  cannot  be  attained  or  effected. 

UTILIZATION  OF  BLAST  ErjRNACE  SLAGS.—  The 
paper  on  this  subject  by  Mr.  Charles  Wood,  of 
the  Tees  Ironworks,  Middlesborough,  was  illus- 
trated by  a  model  of  the  slag-cooling  machine 
which  it  was  intended  to  describe.  The  machine 
is  intended  for  two  purposes.  Firstly,  to  cool  the 
slag  as  it  flows  out  of  the  furnace  and  to  disin- 
tegrate it,  in  order  to  produce  a  material  fit  for 


making  concrete  buildings.  Secondly,  for  doing 
away  with  what  are  known  to  blast-furnace  pro- 
prietors and  engineers  as  slag  balls,  the  necessity 
of  which  has  been  impressed  upon  the  public  so 
often  by  the  enormous  heaps  of  slag  lying  in  the 
neighborhood  of  iron  districts  ;  and  also  to  get  rid 
of  the  enormous  cost  of  keeping  in  repair  the  slag 
bogies  for  trucks  and  the  slag  boxes.  Mr.  Wood 
has  had  this  machine  at  work  now  for  several 
months,  and  has  produced  7,000  or  8,000  tons  of 
this  material,  all  of  which  has  been  employed  in 
very  important  works  for  concrete  for  drainage, 
for  building  concrete  houses,  and  for  top  dressing 
for  roads  over  which  there  is  not  a  very  heavy 
traffic.  Mr.  Wood  showed  several  specimens  of 
concrete  and  slag  made  from  this  material.  Mr. 
Wood  also  exhibited  a  machine  for  a  second  pro- 
cess, called  by  him  the  "  Slag  Sanding  Machine," 
by  which  the  whole  of  the  output  of  slag  runs  into 
a  bath  of  water.  This  water,  by  the  construction 
of  the  machine,  is  kept  in  a  violent  state  of  agita- 
tion, and  as  the  liquid  slag  flows  in,  it  is  caught 
by  the  agitated  water,  and  distributed  in  minute 
particles.  The  water  is  kept  in  agitation  by  a 
kind  of  churn  in  boxes  or  screens  on  the  inside, 
which  separates  the  granulated  slag  from  the 
water ;  when  carrying  it  up  to  the  top  it  drops 
into  a  spout,  from  whence  it  passes  into  the  rail- 
way trucks.  It  will  at  «nce  be  seen  that  by  this 
process  the  slag  is  put  into  a  shape  by  which  it 
may  be  made  use  of  for  many  purposes,  and  it  also 
saves  the  cost  of  the  wear  and  tear  of  the  iron 
bogies,  the  slag  boxes,  and  the  annoyance  of  the 
liquid  slag  bursting  about  the  works,  which  causes 
so  much  destruction  to  life  and  property.  Mr. 
Wood  submitted  a  box  of  this  slag  sand,  also  speci- 
mens of  cement  of  very  great  strength  made  from 
it,  comprised  of  one  part  of  sand  to  five  of  lime. 
He  also  exhibited  some  concrete  bricks  which  are 
made  from  the  same  materials  simply  by  mixing 
this  slag  with  a  small  quantity  of  lime  under  very- 
heavy  pressure,  and  there  can  be  no  doubt  that 
these  bricks  must  replace  millions  made  on  the  old 
plan.  The  chief  source  of  demand,  however,  to  be 
looked  forward  to  is  that  for  manure  for  the 
farmers.  As  the  slag  contains  all  the  asserted 
parts  of  a  good  manure  for  heavy  lands,  not  only 
the  chemical  but  the  mechanical  properties  of  the 
slag  sand  has  a  tendency  to  keep  the  land  open. 

In  the  discussion  which  followed,  several  mem- 
bers expressed  the  opinion  that  great  advantage 
would  result  from  the  general  adoption  of  some 
such  method  as  that  which  Mr.  Wood  had  ex- 
plained to  them. — Mr.  Wood,  in  reply  to,  a  ques- 
tion, stated  that  the  cost  of  the  bricks  made  from 
this  material  was  from  10s.  to  12s.  per  thousand. 
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T)  ail  way  Signalling. — One  of  the  most  im- 
\  portant  applications  of  electricity  is  to  the  va- 
rious devices  for  the  prevention  of  accident  on  our 
railways.  Although  many  mechanical  apparatus 
have  been  invented,  the  peculiar  nature  of  the 
electric  current  would  appear '  to  warrant  the 
assumption  that  mechanical  contrivances  can  be  of 
value  only  as  auxiliaries  to  the  electrician.  We 
have  been  favored  with  a  description  of  the  Elec- 
tric Semaphore  Block  Signalling  Instrument, 
which  has  been  devised  by  Messrs.  E.  Russell  for 
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adaptation  to  the  existing  block  system.  It  con- 
sists of  a  case,  on  the  top  of  which  is  mounted  a 
miniature  post,  having  one,  two,  or  more  sema- 
phore arms,  discs,  or  cross-arms,  as  occasion  may 
require.  The  arms  or  discs  are  painted  similarly 
to  the  out-door  signals.  On  the  top  of  the  case,  in 
front  of  the  column,  is  a  switch  or  spring  lever, 
working  in  a  quadrant,  which  serves  to  throw  the 
battery  current  in  connection  with  the  line  wire. 
The  spring  on  this  lever  is  sufficiently  strong  to 
prevent  any  accidental  movement.  In  the  front 
of  the  instrument  is'  a  "  tapper"  or  ringing  key  for 
ringing  the  bell  at  the  distant  station — the  bell 
being  in  the  lower  part  of  the  case.  The  case 
measures  14  in.  X  11  in.  X  9  in.  high,  and  the 
column  stands  18  in.  above  the  case. 

The  position  of  the  arms  is  made  to  represent 
the  state  of  the  line  to  which  they  refer,  "  Block- 
ed," or  "  Clear,"  as  the  case  may  be.  A  signal- 
man who  understands  the  outdoor  signals  thus 
necessarily  understands  the  electric  signals.  Each 
man  sees  on  his  own  semaphore  the  position  in 
which  he  has  placed  the  arms  at  the  other  station. 
The  red  arms  can  only  be  lowered  by  the  signal- 
man at  the  station  towards  which  the  train  is  ap- 
proaching ;  while  the  white  arm  is  moved  by  the 
switch  of  its  own  instrument. 

The  signals  used  to  indicate  "  danger"  and  "  all 
clear,"  to  the  signalman  are  the  same  as  those  ex- 
hibited to  the  driver.  The  normal  state  of  the 
instrument  is  with  the  arms  raised  to  "  danger.' 
The  arms  remain  at  "  all  clear"  so  long  as  a  cur- 
rent is  flowing  from  the  battery  to  the  line  ;  but 
the  moment  the  current  is  cut  off,  the  arms  fly  up 
to  "  danger"  the  whole  apparatus  being  in  equili- 
brium. It  is  impossible  to  lower  the  arms  except 
by  the  action  of  the  electric  current,  and  to  main- 
tain that  signal  except  by  the  persistent  effect  of 
the  battery  at  the  other  station.  The  signal 
therefore,  it  will  be  seen,  is  solely  under  the  con- 
trol of  the  signalman  toward  whom  the  train  is 
approaching.  The  signal  cannot  be  reversed  eith- 
er by  lightning  or  any  other  atmospheric  disturb- 
ance. Only  one  battery  is  required  to  work  the 
arms  and  bell  signals  for  a  pair  of  roads.  There 
are  no  reversing  currents  employed,  and  the  bat- 
tery is  being  used  only  while  the  position  of  the 
arms  is  at  "  all  clear."  Any  rupture  of  the  line 
wire  immediately  throws  the  arms  up  to  "  dan- 
ger." The  semaphores  may  be  constructed  so  as  to 
be  placed  perfectly  at  the  command  of  the  plate- 
layers on  the'  line.  No  battery  would  be  required, 
but  only  a  few  feet  of  wire,  and  after  the  line  was 
again  ready  for  traffic,  the  red  arms  could  be  low- 
ered again. 

Another  method  of  securing  safety  to  the  rail- 
way passenger  has  been  provided  by  the  electric 
signals  and  train  registering  apparatus  of  Mr.  W. 
R.  Sykes  and  Mr.  E.  R.  Francis.  By  this  ar- 
rangement it  is  impossible  for  two  trains  ever  to 
be  between  two  stations,  as  the  signals  are  worked 
by  each  train  in  advance.  In  this  system  suitable 
springs  are  fixed  to  the  rails  at  certain  points,  of 
sufficient  strength  to  resist  the  weight  of  a  man, 
but  not  sufficient  to  oppose  the  weight  of  a  car- 
riage or  other  conveyance,  and  are  permanently 
secured  at  one  end,  the  other  end  being  fitted  to 
work  in  a  socket,  perfectly  insulated  from  the  rails, 
with  which,  on  a  carriage  or  other  conveyance  pass- 
ing over  the  spring,  a  contact  is  made,  causing  an 
electric  current  to  pass  to  electro-magnets  in  the 


signal  lamps,  or  in  connection  with  the  signal-arms, 
and  by  their  attractive  power  a  double  diaphragm 
of  green  and  red  glasses  is  made  to  give  a  red 
light,  or,  in  the  case  of  arms,  place  the  signal  at 
"  danger."  This  having  been  done  at  two  points 
of  the  line,  on  reaching  the  third  point  the  signal 
here  is  placed  at  "  danger,"  whilst  the  two  former 
are  put  to  "  line  clear."  Eor  example,  a  train 
leaving  station  A  with  the  clear  signal,  passes 
over  No.  1  spring  in  connection  with  the  same, 
and  instantly  puts  it  at  "  danger;  "  on  reaching  No. 
2  spring  it  acts  in  the  same  manner,  putting  the 
signal  there  also  at  "danger  ; "  it  then  proceeds  to 
station  B,  and  on  passing  out  of  this  station  it 
passes  over  No.  3  spring  in  connection  with  the 
lamp  or  signal-arm  at  that  station,  placing  that  at 
"  danger,"  and  at  the  same  moment  putting  the  two 
former  signals  at  "line  clear,  "thus  enabling  another 
train  to  leave  station  A,  working  its  signals  as  did 
the  first  train.  On  arriving  at  station  B,  should  the 
signal  there  be  found  at  "dine  clear,'  it  is  certain 
that  the  first  train  must  have  passed  the  third 
station,  and  the  second  train  could  proceed  in 
safety.  By  the  adoption  of  this  new  system,  no 
signalmen  are  required  at  any  stations  other  than 
at  termini  and  junctions. 

The  use  by  railway  companies  of  a  means  of 
communication  between  passengers  and  guards  in 
railway  trains  has  long  been  compulsory,  but  no 
definite  plan  has  been  selected.  Cord  communica- 
tion has  been  condemned,  and  the  various  systems 
of  electric  signals  are  still  open  to  improvement. 
One  of  the  most  recent  electrical  apparatus  has 
been  lately  applied  to  a  Great  Eastern  railway 
train  running  between  Victoria  Park  and  Strat- 
ford Bridge.  The  innovation  is  upon  Colonel 
Binney's  system.  The  conductors  consist  of  a 
couple  of  wires  carried  along  the  roofs  of  the  car- 
riages. Each  guard's  van  is  provided  with  an 
electric  bell.  One  terminal  of  each  bell  is  con- 
nected to  one  pole  of  each  battery,  the  other  ter- 
minal being  connected  to  one  of  the  train  wires 
passing  along  the  tops  of  the  carriages.  The  other 
train  wire  is  connected  to  the  second  pole  of  the 
battery,  so  that  no  current  of  electricity  can  pas3 
until  the  two  train  wires  are  connected  together. 
To  effect  this  a  communicator  or  "  push"  is  placed 
in  each  compartment  of  every  carriage,  and  which 
is  used  when  passengers  require  to  give  an  alarm 
to  the  guard. 


English  vs.  Amektcax  Railways.  —  The 
London  "  Railway  News  "  has  interesting  com- 
parisons of  English  and  American  railway  returns, 
and  in  the  matter  of  rolling  stock  and  train  earn- 
ings is  surprised  to  find  the  American  roads  more 
economically  run  than  the  English.  Taking  four 
roads  in  each  country,  aggregating  about  4,000 
miles,  it  is  found  that  the  American  road  has  only 
.33  of  a  locomotive  and  6.72  freight  cars  per  mile, 
while  the  English  has  .93  of  a  locomotive  and 
28.83  cars.  The  New  York  Central,  with  a  heavier 
traffic  than  the  London  and  Northwestern,  has 
half  the  locomotives  per  mile.  The  English  refuse 
to  believe  that  the  superior  size  and  strength  of 
American  locomotives  account  fully  for  this  differ- 
ence. The  earnings,  for  instance,  of  an  American 
locomotive  are  70  per  cent,  more  than  those  of  an 
English,  and  the  entire  rolling  stock,  which  in 
England  barely  pays  for  itself  in  a  year,  in  this 
country  pays  for  itself  and  65  per  cent.  more. 
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The  "  News"  also  discovers  that  while  passenger 
fares  are  30  per  cent,  lower  than  in  England,  the 
earnings  per  train  here  are  4  per  cent,  more,  and 
on  freight  trains  15  per  cent.  more.  The  "News  ' 
concludes  that  it  is  time  for  English  managers  to 
study  the  American  way  of  doing  things. 

Wooden  Railways.— There  are  upwards  of 
100  miles  of  wooden  railway  in  operation  in 
the  province  of  Quebec  (Canada).  The  gauge  is 
4  ft.  85  in.  The  running  time  is  about  10  miles 
per  hour,  but  trains  have  been  run  at  the  rate  of 
35  miles  per  hour  over  these  humble  but  useful 
lines.  The  rails  are  made  of  maple,  4  ft.  by  7  in. ; 
they  are  set  up  edgeways,  and  are  notched  into 
cross-ties  4  in.  deep,  and  are  held  down  by  two 
wedges  in  the  notch  on  the  outside  of  the  rails. 
The  ties  are  8  in.  thick,  and  they  are  laid  20  in. 
apart.  The  cars  have  four  wheels,  and  some  of 
the  engines  used  weigh  30  tons.  In  frosty  weather 
the  driving  wheels  have  less  adhesion  than  on 
metal  rails,  but  no  considerable  difficulty  is  ex- 
perienced from  this  cause.  The  rails  will  last 
from  two  to  four  years,  according  to  the  quality  of 
the  timber  used,  and  the  amount  of  traffic  ob- 
tained and  accommodated. 

WEIGHT  OF  RAILROAD  IRON  PER  MlLE.—  A 
correspondent  of  the  Baltimore  "  Under- 
writer and  Economist''  gives  the  following  rule 
for  calculating  the  weight  of  iron  per  mile  of  rail- 
road track  and  the  reason  for  it :  Multiply  pounds 
per  yard  by  11  and  divide  by  7;  the  quotient  is 
tons  per  mile.  It  is  only  a  problem  in  simple 
fractions.  In  one  mile  of  railway  there  are  1,760 
yards — 3,520  yards  lineal  in  the  two  tracks.  Hence 
the  pounds  per  yard  nmltiplied  by  the  number  of 
yards  gives  the  total  weight  in  pounds.  This  total 
divided  by  the  pounds  in  a  ton,  2,240,  gives  the 
weight  in  tons.  But,  multiplying  pounds  per 
yard  by  3,520,  and  dividing  by  2,240  is  the  same 
as  multiplying  by  11  and  dividing  by  7.  That  is, 
the  fraction  3,520-2,240  reduced  to  its  lowest 
terms  (say  by  dividing  both  members  by  32)  is 
equal  to  11-7. 


ENGINEERING  STRUCTURES. 

The  Saint  Gothard  Tunnel. — The  acounts  of 
the  progress  of  this  great  work  to  the  end  of 
March  are  satisfactory.  According  to  the  accounts 
of  the  Swiss  Federal  Council  the  driftaway  had 
been  driven  on  March  31  to  the  extent  of  252 
metres,  enlarged  to  its  full  size  along  210  metres, 
and  the  masonry  finished  over  a  distance  of  103 
metres.  The  average  number  of  men  engaged  in 
the  work  during  the  month  was  617,  and  the  max- 
imum number  813.  On  the  Gceschenen  side  the 
tunnelling  is  through  granite,  or  a  hard  gneiss, 
more  or  less  faulty,  and  full  of  fissures.  On  the 
last  day  of  March  the  first  experiment  in  mechan- 
ical perforation  was  made  with  the  machines  of 
MM.  Dubois  et  Francois.  The  operation  took 
place  on  the  Airolo  side,  through  a  schist  in  beds 
of  unequal  thickness.  At  the  distance  of  148  me- 
tres from  the  mouth  the  temperature  of  the  air 
was  13  deg.  c.  and  of  the  water  70  deg.  c,  the  air 
outside  the  mouth  of  the  tunnel  showing  a  tem- 
perature of  7  deg ;  at  162  metres  the  air  rose  to 
17  deg.  c,  when  the  outer  air  showed  9  deg. 


The  infiltration,  which  was  trifling  at  first,  grew 
in  proportion  as  the  increase  of  the  mica  and  the 
diminution  of  quartz,  and  the  frequency  of  argilla- 
ceous beds  between  the  mica  and  schist,  all  of  which 
circumstances,  of  course,  diminish  the  consistency 
of  the  soil  excavated.  The  quantity  of  water  aug- 
mented considerably  at  the  point  of  164  metres  ;  a 
stream  broke  in  at  the  rate  of  more  than  16  gal- 
lons per  second,  and  disintegrated  the  rock  to  such 
an  extent  that  several  slips  occurred,  and  the  work 
was  suspended  in  consequence  for  some  days.  At 
the  end  of  March  the  outfall  of  water  at  the 
mouth  of  the  tunnel  was  found  to  be  equal  to 
9  gallons  per  second. 


ORDNANCE  AND  NAVAL. 

Torpedo  Experiments  at  Stokes  Bay. — 
The  work  of  raising  the  unexploded  torpedoes 
in  Stokes  Bay,  near  Portsmouth,  is  progressing.  It 
is  found  that  the  explosion  of  a  500  lbs.  gun-cotton 
charge  has  destroyed  the  nearest  torpedo  at  a  dis- 
tance of  80  ft.,  and  that  torpedoes  120  ft.  distant 
have  been  seriously  injured.  Should  this  prove  to 
be  the  limit  of  destructive  range  as  affecting  neigh- 
bouring mines  it  will  be  necessary  in  practice  to 
double  this  distance  in  placing  torpedoes  in  posi- 
tion. Thus,  to  defend  a  wide  expanse  of  water,  it 
will  be  necessary  to  plant  the  mines  in  serrated 
lines  or  other  formations,  which  will  prevent  the 
passage  of  ships  while  admitting  of  single  explo- 
sions being  made  without  detriment  to  the  mines 
in  their  vicinity.  The  iron  cases  injured  are  so 
thin  as  to  afford  little  indication  of  what  would 
occur  to  the  bottom  of  a  ship  at  the  same  distance. 
But  their  injury  at  120  ft.  distance  raises  a  doubt 
whether  the  destructive  range  of  large  torpedoes 
against  ships  is,  when  well  immersed,  so  limited 
as  has  hitherto  been  supposed. 

The  French  and  Woolwich  "  Infants."— It 
is  remarkable  that  the  French  gun  of  34  tons, 
which  strikes  a  blow  one-fifth  heavier  than  the 
Woolwich  "  Infant '  of  35  tons,  is  a  cast-iron  gun, 
partially  lined  and  hooped  with  steel.  The  steel 
lining  extends  from  the  breech  as  far  as  the  trun- 
nions, and  the  exterior  hooping  covers  the  same 
space.  This  limited  application  of  steel  for  the 
lining  is  peculiar,  and  one  which  seems  of  doubtful 
advantage.  Woolwich  is  sadly  exercised  by  this 
use  of  cast  iron,  and  as  to  the  further  circum- 
stance that  the  French  "Infant"  is  a  breech-loader, 
should  the  French  gun  outlive  the  38th  horizontal 
discharge  with  137  lbs.  of  pebble  powder  and  820 
lbs.  shot,  the  victory  over  Woolwich  will  be  strik- 
ing. But,  even  then,  nobody  outside  the  official 
world  will  consider  38  horizontal  discharges  a 
satisfactory  evidence  of  endurance  for  a  batter- 
ing gun.  The  "Manual  of  Gunnery  for  Her 
Majesty's  Fleet,"  1873,  says : — "  The  number  of 
rounds  which  have  been  fired  from  some  of  our 
heavy  M.  L.  R.  guns  proves  that  their  powers  of 
endurance  are  most  satisfactorv  (V'.  12-in.  (25  tons), 
359  and  200  rounds;  10-in.  (18  tons),  534  rounds; 
8-in.  (9  tons  ,  4^3  and  408  rounds."  These  rounds 
were  all  of  diminished  and  most  of  them  of  greatly 
reduced  charges,  e.g.,  a  12-in.  bore  properly  rifled 
may  burn  120  lbs.  of  powder,  but  many  of  the 
rounds  enumerated  were  with  only  55  lbs  of 
pebble  powder.    Moreover,  most  of  the  discharges 
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took  place  -when  the  guns  were  nearly  horizontal, 
and  long-  intervals  of  time  obtained  between  every 
few  rounds.  These  are  not  the  conditions  of  naval 
battles.  To  hre  400  rounds  in  a  couple  of  days' 
bombardment,  at  high  elevations  and  with  heavy 
charges,  has  been  no  unusual  ordeal  in  war.  Yet 
200  rounds  fired  horizontally  with  half-sized 
charges,  spread  over  several  years,  is  chronicled  in 
the  official  manual  of  naval  gunnery  as  evidence  of 
"  most  satisfactory  endurance."  Should  the  French 
cast>iron  breech-loading  guns  have  no  greater 
endurance  than  ours,  their  possessing  one-fifth 
more  battering  power  will  not  be  any  great  advan- 
tage in  the  day  of  battle.  But  are  they  so  brittle 
as  ours? 

The  foreign  trade  of  New  York  in  1872  was  car- 
ried on  in  60,481  vessels,  of  which  88,488  were 
foreign  and  21,993  domestic.  Of  the  38,488  foreign 
vessels,  19,190  arrived  and  19,298  cleared.  Of  the 
21,993  American  vessels,  10,944  entered  and  11,- 
049  cleared.  The  aggregate  capacity  of  the  foreign 
vessels  amounted  to  15,004,106  tons,  and  of  the  Am- 
erican vessels  to  7,393,224  tons,  making  a  total  of 
22,397,330  tons.  The  proportion  of  foreign  vessels 
as  to  number,  therefore,  amounts  to  63.6  per  cent, 
and  as  to  capacity  67  per  cent. ;  of  American  ves- 
sels 36.4  per  cent.,  and  as  to  capacity  33  per  cent. 

A  LUCRATIVE  trade  has  for  some  time  been  car- 
ried on  without  any  rivalry,  by  the  American 
line  of  steamers  between  San  Francisco,  Japan, 
and  China.  Now,  however,  England  is  about  to 
enter  the  field  in  competition,  for  the  announce- 
ment is  made  from  San  Francisco  of  the  arrival 
there  of  the  steamer  Antonio,  from  China,  with  a 
full  cargo  and  six  hundred  Chinamen,  the  pioneer 
of  a  new  line  that  is  to  traverse  the  Pacific.  A 
multiplication  of  steamers  is  all  the  better  for  the 
commerce  of  San  Francisco,  but  the  managers  of 
our  American  line  should  look  out  that  their  trade 
does  not  suffer  from  the  competition. 

Ocean  Pathways. — One  of  the  steamship  com- 
panies running  a  line  of  vessels  between  this 
port  and  Liverpool,  touching  at  Boston,  has  set  a 
good  example  by  adopting  the  plan  known  as  the 
"  lane  route,"  suggested  nearly  18  years  ago  by 
the  late  Prof.  M.  F.  Maury,-  as  a  means  of  obviat- 
ing the  danger  of  collisions  at  sea.  This  plan  de- 
signates one  course  for  vessels  going  east  and  an- 
other for  vessels  westward  bound.  The  part  of 
the  ocean  traversed  by  the  steamship  lines  in  their 
voyages  is  about  1 50  or  200  miles  broad,  and  it  is 
proposed  in  the  new  plan  to  mark  out  a  lane  from 
this  15  or  25  miles  broad,  which  will  at  least  re- 
duce the  present  risks.  It  is  fui'ther  claimed  that 
the  lane  to  the  west  will  be  30  miles  shorter  than 
the  route  generally  taken,  and  some  delays  from 
fogs  will  be  avoided,  as  it  passes  100  miles  south  of 
Cape  Race.  Another  advantage  claimed  for  the 
lane  system  is,  that  one  way  it  lies  along  the 
northern  edge  of  the  Gulf  Stream,  where  there  is 
an  eddy  setting  westward  often  at  the  rate  of  a 
knot  an  hour.  The  close  of  the  argument  in  fa- 
vor of  the  system  is  that  the  distance  from  Cape 
Clear  to  Sandy  Hook  will  be  shortened  several 
hours,  and  that,  while  it  prolongs  the  distance  to 
Europe  75  miles,  compensation  will  be  found  in 
the  greater  security  and  the  advantages  of  the 
Gulf  Stream  and  fewer  fogs.      Considering  the 


number  of  vessels  annually  crossing  and  re-cross- 
ing the  ocean  without  especial  reference,  if  any,  to 
each  other's  course,  the  number  of  collisions  is 
very  small ;  but  they  do  happen  once  in  a  while 
with  terribly  fatal  consequences,  and  any  plan  or 
system  of  navigation  which  has  the  effect  of  ren- 
dering them  practically  impossible,  would  tend  to 
render  ocean  travel  safer  than  it  is  now.  The  fate 
of  many  good  ships,  whose  names  will  recur  to  the 
reader,  show  the  necessity  for  such  a  reform  as 
that  now  inaugurated,  and  we  hope  owners  of 
bath  steam  and  sailing  vessels  will  unite  in  giving 
the  system  a  fair  trial. 


BOOK  NOTICES. 

A  Treatise  on  the  Strenth  of  Bridges 
and  Roofs,  with  Practical  Applications 
and  Examples.  By  Samuel  H.  Shreve,  M.A., 
C.E.     New  York:  D.  Van  Nostrand. 

That  much  valuable  material  is  uselessly  em- 
ployed in  carrying  out  the  various  engineering 
works  inseparable  from  the  opening  of  mines, 
especially  in  new  districts,  owing  to  the  inability 
of  those  intrusted  with  the  superintendence  of 
the  works  ( to  apply  the  requisite  scientific  knowl- 
edge, has  long  been  a  subject  of  complaint  amongst 
the  capitalists  with  whose  funds  the  operations 
have  been  carried  on  ;  yet  it  must  be  admitted 
that  the  man  possessing  the  scientific  knowledge 
has  frequently  had  no  opportunity  of  obtaining 
practical  experience,  whilst  he  who  has  the 
practical  experience  has  had  neither  the  time  nor 
the  money  necessary  to  enable  him  to  study  the 
higher  mathematics,  without  which  the  majority 
of  the  more  important  works  upon  engineering 
subjects  are  almost  unintelligible.  In  order,  how- 
ever, that  a  very  essential  portion  of  that  knowl- 
edge which  superintendents  of  works  should  be 
ever  ready  to  apply— the  knowledge  of  the  nature 
and  method  of  dealing  with  the  forces  he  has  to 
contend  with,  utilize,  or  provide  against  -  may  be 
within  the  easy  reach  of  students  and  engineers 
who  intend  to  devote  themselves  to  the  practical 
branch  of  their  profession.  Mr.  Shreve  has  furnished 
them  with  a  volume,  which  they  will  find  to 
b3  invaluable,  since  comparatively  little  pre- 
vious knowledge  is  demanded  from  those  who 
take  it  for  their  guide,  whilst  the  information 
which  it  supplies  is  such  as  will  enable  them 
to  undertake  and  economically  carry  out  any 
piece '  of  work  connected  with  bridge  or  roof 
building  wMca  it  is  reasonable  to  anticipate  they 
will  have  occasion  to  execute. 

By  way  of  introduction,  the  nature  of  a  truss, 
and  of  the  two  kinds  of  strains  to  which  it  is 
liable,  are  briefly  yet  clearly  explained,  and  the 
three  laws  upon  which  the  investigation  of  strains 
in  trusses  may  be  based  are  stated — the  principle 
of  the  lever,  the  resolution  of  forces,  and  the 
equality  of  moments  being  treated  of  in  language 
which  the  reader  cannot  fail  to  comprehend.  Then, 
commencing  with  the  case  of  a  simple  truss,  sup- 
ported at  the  ends,  and  loaded  at  the  centre  only, 
the  author  proceeds  to  show  how  the  several 
strains  are  investigated,  taking  especial  care  to 
make  the  reader  thoroughly  comprehend  the  exact 
nature  of  the  strain  in  each  particular  strut,  tie, 
and  brace,    and  to    enable    him  to  perform  the 
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necessary  calculations  systematically  and  properly. 

The  eei  -  having  been  disposed 

of.  the  study  of  the  next  case  where  the  load  is 

assumed  to  be  between  the  centre  and  one  extrein- 

■mes  comparatively  easy,  as  will  also  that  of 

r  a  uniformly  loaded  truss. 

and  of  a  trass  loaded  from   one  abutment  only  a 

:  of  its  length.    It  will  readily  be  perceived 

that  the  instruction  given  in  the  two  chapters,  the 

contents  of  which  are  thus  indicated,  will  give  the 

practical  man  such    a    sound   knowledge  of  the 

general  principles  followed  in  the  investigation  of 

the  strength  of  trusses  that  he  will  not  desnair 

that  further  study  will  enable   him  to   deal  with 

every    case   connected   with   the   construction    of 

small  I  ■  h  as  would  generally  be  sufficient 

in  the  laying  out  of  mineral  lines  to  a  shipping 

..I  so  on,  for  it  is  not  unsafe  to  assume  that 

-    are  required  an 

engineer  who  has  given  special  attention  to  works 

will  be  employed  to  superintend 

them. 

But  as  the  student  reads  more  of  the  book  he 
will  feel  every  confidence  that  with  the  assistance 
of  such  an  abundance  of  information  as  is  furnished 
in  the  remaining  chapters  of  the  work,  the  amount 
of  practical  experience  to  enable  him  to  rely 
entu  sly  on  his  own  resources  will  be  considerably 
Less  than  would  otherwise  be  necessary.  The 
f  the  simple  truss  with  in- 
clined struts  and  vertical  ties  subject  to  the  action 
of  a  constant  and  a  moving  load,  and  the  author 
then  explains  the  nature  and  mode  of  investigating 
the  strength  of  trusses  with  vertical  struts  and 
incline  jject  to  constant  and  to  moving 

given  in  illustration   em:: 
simple,  double,  triple  and  quadruple  trusses   re- 
spectively, and  whether  with  an  even  or  an  odd 
number  of  panels.  In  the  fifth  chapter  the  student 
is  introduced  to  the  consideration  of  trusses  with 
horizontal  chords,  with  stents  and  ties  ::  equal  in- 
clinations subject  to  constant  and  to  moving  loads, 
th  the  simplest  form  of  Warren 
girder,  and  gradually  advancing  to  the  more  com- 
plicated forms  in  the  shape  of  double  and  quad- 
ruple trusses.     The   study  of  the  various  e 
trusses  with  horizontal  chords  and  inclined  braces, 
the  ties  having  a  dinerent  inclination  from  the 
set  tc   xmstant  and  moving  loads,  vriil 
dithcult  now  that  the  way  has  been  bo  far 
red,  ani  by  the  time  the  end  of  the    sixth 
..-  fcer  is  reached  a  pretty  fair  acquaintance  with 
all    forms   of  trusses   applicable    exclusively,    or 
nearly  so,  to  bridges,  will  have  been  obtained. 
The  same  principles  govern  the  investigation  of 
strains  in  inclined  as  in   horizontal  trass 
moments  are  taken  and  equations  formed  in  the 
same  way.  The  inclined  truss  thrusts  horizontally 
as  well  as  v :  at  its  abutments  or  walls, 

or  the  latter  may  be  considered  as  having  a  hori- 
zontal reaction  inward  as  well  as  a  vertical  reaction 
upward.  In  the  seventh  chapter  the  several  kinds 
of  reactions  to  be  considered  in  connection  with 
trusses  of  this  form,  which  will,  of  course,  be  re- 
cognized as  roof  trusses  as  contradistinguished 
from  bridge  trusses,  which  have  been  treated  of  in 
the  preceding  chapters,  are  carefully  and  clearly 
described,  and  triangular  trusses  are  then  dealt 
with,  every  information  being  given  for  enabling 
the  student  to  investigate  the  strains  in  every 
modification  of  this  form  of  truss,  and  determine 


the  relative  advantages  of  them  for  any  particular 
purpose  to  which  he  may  desire  to  apply  it.  The 
succeeding  chapter  treats  of  bow-strmg  trusses, 
which  enter  into  the  composition  of  some  oi  the 
lightest  and  most  elegant  large-span  roofs,  and  are 
seen  in  some  of  the  most  beautiful  bridges  in  the 
world ;  the  single  truss  with  vertical  and  inclined 
braces,  the  corresponding  compound  tru- 
simple  truss,  with  all  the  braces  inclined,  and  hav- 
ing equal  horizontal  extent,  and  the  corresponding 
double  truss  being  in  turn  treated  of.  wh:. 
four  remaining  chapters  are  devoted  to  the  con- 
sideration of  lenticular  or  Pauli  trust  Kuil- 
enberg  truss,  the  Bollman  and  Fink  trus- 
the  resistance  of  materials  to  -  m  and 
tension. 

From  the  unusually  clear  language  in  which 
Mr.  Shreve  has  given  every  statement,  the  student 
will  have  but  himself  to  blai  not  be- 

come thorou.  -nd  as  none 

but  algebraic  processes  have  been  used,  the  work 
may  be  profitably  studied  by  many  who  are  now 
placed  at  a  gTeat  disadvantage  for  the  want  of 
sound  knowledge  of  the  scientific  principles  eluci- 
dated, yet  whose  general  education  has  n : 
sufficiently  cared  for  to  enable  them  to  follow  the 
reasoning  of    those  who  have  written  for    more 
fully  prepared  readers  ;  and  the  author  may  justly 
be    congratulated    upon    having    so   thoroughly 
descended   to   the    level   of    the   general  i 
knowledge  without  thereby  lessening  the  v 
the  volume  by  making  it  either  less  com:  . 
less  reliable  than  the  most  aspiring  of  its 
cessors. — London  Mining  Jour 

PROGRES      RECEXT5      DE      LA      DISTILLATION. 
Par  M.  Desire  Savalt.e.     Paris:    G    ] 
'  son.     For  sale  by  Van  Nostrand. 

Improved   methods  of  distillation   of  m 
I  grains,  potatoes,  wines :  the  process  of  distillation 
i  from   su^ar  cane  directly,  and   fractional  distilla- 
n  of  benzol,  are  treat .  i  .  A  length  and  with  full 
illustrations. 


a  Seese.     Par  1M.  Belgraxd. 
r     For  sale  bv  Van  Nostrand. 


Paris :  Dunod. 


The  sources  of  supply,  the  rate  of  flow,  fluctua- 
tions of  level,  and  character  of  mater:  I 

i  by  the  Seine  seem  to  have  been  subjects  of  patient 
study,  to  have  yielded  such  vornminc. 

,  are  afforded  by  this  volume.  In  reality  thdftom- 
plete  hydrology  of  a  large  area  of  densely  popu- 
lated country  is  faithfully  recorded  with  scientific 
precision,  and  furnishes  a  good  model  for  similar 
surveys  and  compilations  in  our  own  country  when 
growth  shall  demand  it. 

The  maps  and  charts  alone  fill  a  large  quarto, 
and  are  excellent  studies  by  theinser 

Tratte  de  ITECAXiQrE   Gexerale.     Par  H. 
Eesal.     Paris  :  Gauthier-Villars.— For  sale  by 
Van  Nostrand. 

The  volume  at  present  before  us  devotes  four 
!  hundred  and  fifty  pages  to  u  Cinematics.  General 
'  Theorems  of  Mechanics,  and  equilibrium  and  mo- 
!  tion  of  solid  bodies,'"  A  second  volume  is  to  deal 
:  with  the  statics  and  dynamics  of  fluids  and  semi- 
'  fluids. 

The  higher  mathematics  are  largely  employed 
in  the  demonstration  of  the  numerous  theorems, 
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and  when  it  is  understood  that  the  work  is  only 
introductory  to  "  Industrial  Mechanics, '  the  reader 
will  not  accuse  the  author  of  unseemly  brevity  in 
the  treatment  of  his  subject.  The  cuts  are  dis- 
tributed through  the  text. 

Students  who  desire  to  acquire  the  methods  of 
analytical  investigation  through  the  aid  of  the 
calculus  will  find  IE.  Eesal's  treatise  of  special 
value. 

I^TUDES  SUR  les  Forces  Moleculaires  DANS 
J  LES  LlQCTDES  EX  MOUVEMENT  ET  APPLICA- 
TION a  L'Hydrodynaalique.  Par  11  Kleitz. 
Paris :  Dunod.     For  sale  by  Van  Xostrand. 

This  is  strictly  a  treatise  upon  one  branch  of 
higher  mechanics.  The  division  of  the  subject  by 
chapters  is  as  follows,  viz. : 

1.  Definitions  et  principes  elementaires. 

2.  Lois  qui  regissentles  forces  moleculaires  super- 

ficielles,   ou  forces  elastiques. 

3.  Vitesses  relatives  dans  les  liquides  en  mouve- 

ment. 

4.  Expressions  des  forces  elastiques  en  fonction 

des  vitesses  relatives. 

5.  Conditions    geometriques    qui    regissent    les 

directions  relatives. 

6.  Expression  des  forces  elastiques  en  fonction 
des  variations  de  la  vitesse. 

7.  Forces  de  glissement  sur  les  parois  qui  ren- 
ferment  en  liquide  en  mouvement. 

8.  Expressions  des  forces  moleculaires  rapportees 
a  l'unite  de  masse. 

9.  Travail  des  forces  moleculaires. 

10.  Movement  permanent  des  liquides. 

Traite  du  Leve  des  Plans  et  de  L'  Arpen- 
Tage.  Par  J.  Duplesses.  Paris  :  J.  Baudry. 
For  sale  by  Van  Xostrand. 

A  rudimentary  treatise  on  surveying  by  means 
of  the  chain  graphometer  and  plane-table,  for  the 
use  of  young  French  students,  is  of  interest  to  in- 
structors who  care  to  study  the  methods  employed 
abroad  in  imparting  the  methods  of  the  surveyor 
to  the  pupils  in  the  schools. 

The  work  is  of  the  most  elementary  character, 
and  deals  with  the  simplest  problems  only,  but  al- 
ways with  reference  to  graphical  representation  of 
the  results. 

Something  over  a  hundred  cuts  embellish  the 
the  book. 

"TlECTRTCTTY  AND  M.*  GNETISM.  By  FlEEMTNG 
Xj  Jenkin.  C.  E.,  F.R.S.,  Professor  of  Engi- 
neering in  the  University  of  Edinburgh.  (Long- 
mans and  Co.     1873.] 

This  is  the  new  volume  of  the  "  Series  of  Text 
B  -»oks  of  Sience,  adapted  for  the  use  of  Artisans 
and  of  Students  in  Public  and  other  Schools/' 
issued  by  the  publishers,  and  edited  by  Professors 
Goodeve  and  Merrifield.  It  contains  378  pages,  is 
admirably  printed  and  amply  illustrated.  The 
style  of  the  contents  is  eminently  practical :  it  is  a 
book  for  engineers  old  and  young.  The  author 
thought  that  in  England  there  may  be  said  to  be 
two  sciences  of  electricity — one  taught  in  ordinary 
text  books,  and  the  other  a  sort  of  floating  science, 
known  more  or  less  practically  to  practical  elec- 
tricians, and  expressed  in  a  fragmentary  manner 
in  papers  by  Farady,  Thomson,  Maxwell,  Joule, 
Siemens,  Matthiessen,  Clark,  Yarley,  Culley,  and 


others.  The  science  of  the  schools  is  so  dissimilar 
from  that  of  the  electrician  that  it  has  been  im- 
possible to  give  students  even  an  approximately 
sufficient  text-book.  Prof.  Jenkin  thus  says  that 
a  student  might  have  mastered  Delarive's  large 
and  valuable  treatise,  and  yet  feel  as  if  he  were  in 
an  unknown  country  in  the  company  of  practical 
men,  and  he  thinks  that  the  science  known  to  the 
practical  men  was  far  more  scientific  than  that  of 
the  text-books.  So  the  author  tells  us  that  he 
found  it  quite  impossible  to  write  this  treatise  on 
the  ordinary  plan  of  beginning  with  simple  ex- 
periments, and  gradually  building  up  a  science  by 
the  description  of  a  series  of  more  and  more  com- 
plex phenomena,  and  the  plan  he  has  adox^ted  may 
be  briefly  sketched  as  follows : — First,  a  general 
synthetical  view  of  the  science  has  been  given,  in 
which  the  main  phenomena  are  described,  and  the 
terms  employed  explained.  After  giving  a  very 
careful  account  of  the  laws  and  especially  of  the 
means  of  measurements  of  electric  condition,  the 
author  has  given  their  chief  practical  application 
to  telegraphy,  and  a  few  examples  of  the  construc- 
tion of  telegraphic  apparatus.  The  writer  relies 
on  the  permanency  of  the  general  theory  of  elec- 
j  tricity  on  which  the  construction  and  use  of  chang - 
|  ing  forms  of  apparatus  depend,  since  it  depends 
'  on  no  hypothesis ;  and  his  aim  has  been  to  state 
this  general  theory  in  a  connected  manner,  and  in 
such  a  simple  form,  that  it  may  be  readily  under- 
stood by  practical  men.  The  design  of  this  work 
is  new  and  excellent,  and  the  ample  index  renders 
it  a  valuable  repertory  of  facts  in  electricity  and 
magnetism.  It  must,  however,  be  admitted  that 
the  author  has  not  achieved  the  high  aim  in  view, 
for  a  careful  reading  of  his  book  does  not  leave  that 
peculiar  impression  which  is  only  derived  from  a 
work  such  as  Herschel's  '*  Outlines  of  Astronomy," 
in  which  great  lucidity  of  thought  has  brought  to 
its  aid  a  corresponding  felicity  of  expression.  Yet 
Professor  Jenkins  book  is  undoubtedly  an  experi- 
j  ment  in  the  right  direction.  He  has  had  not  only 
his  own  great  practical  experience  as  an  electrician, 
but  has  had  the  advantage  of  assistance  from  Sir 
TVm.  Thomson,  Professor  J.  C.  Maxwell,  at  Cam- 
bridge, and  Messrs.  Culley,  Yarley,  etc.  In  these 
circumstances  the  work  could  not  fail  to  be  of  the 
highest  quality,  so  far  as  facts  and  forms  of  appa- 
ratus are  concerned :  and  in  this  respect  we  can 
unhesitatingly  commend  it  to  all  practical  men 
concerned  in  an  important  department  of  engi- 
neering. 

Introduction  to  Chemical  Physics,  design- 
ed for  the  Use  of  Academies,  High 
Schools,  and  Colleges.  By  Thos.  Ruggles 
Pynchon.  M.A..  Scovill  Professor  of  Chemistry 
and  the  Natural  Sciences,  Trin.  Coll.,  Hartford. 
Xew  York  :  I).  Van  Xostrand. 

A  knowledge  of  Chemical  Physics  is  almost  as 
necessary  to  men  engaged  in  general  industrial 
pursuits"  as  it  is  to  those  pursuing  a  strictly  sci- 
entific course  of  study,  yet  until  comparatively 
recently  it  was  difficult  to  obtain  anything  like  a 
satisfactory  acquaintance  with  the  subjects  includ- 
ed under  that  designation,  except  from  an  exten- 
sive course  of  reading,  necessitating  the  investiga- 
tion of  various  allied  matters,  which  it  was  not 
anticipated  would  be  subsequently  required.  The 
system,  then,  of  treating  chemical  physics  as  a 
separate  branch  of    science  was  undoubtedly  a 
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sound  practical  improvement,  since  it  has  enabled 
a  large  number  of  persons  to  acquire  information 
likely  to  be  useful  to  them,  without  compelling 
them  to  study  that  which  they  do  not  want ;  and 
Prof.  Pynchon's  Introduction,  although  designed 
more  especially  for  the  use  of  educational  establish- 
ments, will  fully  meet  the  requirements  of  nine- 
tenths  of  the  readers  amongst  manufacturers  to 
whom  familiarity  with  the  subject  could  be  turned 
to  account.  Prof.  Pynchon's  volume  embodies  the 
most  important  facts  and  principles  of  the  physi- 
cal forces — heat,  light,  and  electricity — connected 
with  the  production  of  chemical  phenomena,  and 
is  also  designed  to  form  an  introduction  to  the 
science  of  chemistry,  to  the  satisfactory  study  of 
which  a  thorough  knowledge  of  them  is,  indeed, 
absolutely  indispensable. 

In  connection  with  telegraphy,  the  generation 
of  steam,  electro-metallurgy,  photography,  and 
numerous  other  processes  in  e very-day  use,  the 
principles  of  chemical  physics  are  constantly  ap- 
plied, and  it  cannot  be  doubted  that  those  who 
best  understand  those  principles  can  most  effec- 
tively apply  them.  As  Professor  Pynchon  truly 
remarks,  the  merit  of  a  work  of  the  class  to  which 
his  belongs  must  consist  rather  in  the  judgment 
shown  in  the  selection  and  arrangement  of  ma- 
terials than  in  the  originality  of  the  contents,  it 
may  be  well  to  endeavor  to  give  a  brief  outline  of 
the  contents  of  the  volume.  In  the  introductory 
chapter  the  origin  of  the  name  and  the  nature  of 
chemistry  are  thoroughly  explained,  and  the  pro- 
perties of  matter  are  then  elucidated,  every  care 
being  taken  to  point  out  what  properties  are 
treated  of  by  natural  philosophy,  and  what  by 
chemistry.  The  history  of  chemistry  is  briefly 
sketched,  and  reference  is  made  to  the  funda- 
mental principles  of  the  science,  to  the  apparatus 
used,  to  the  constitution  of  some  of  the  most  im- 
portant chemical  compounds,  to  the  chemical 
agents— heat,  light,  and  electricity — and  why 
they  are  called  imponderables,  and  to  other  sim- 
ilar elementary  matters,  a  knowledge  of  which  is 
required  for  the  more  profitable  study  of  the  suc- 
ceeding chapters.  The  chapter  on  the  first  chem- 
ical agent — heat — is  as  complete  a  treatise  on  the 
subject  as  is  found  in  the  best  college  text-books 
devoted  to  the  subject,  and,  although  concise,  the 
style  is  by  no  means  uninteresting  ;  the  diffusion 
of  heat-expansion,  liquefaction,  ebullition,  evapor- 
ation, specific  heat,  sources  of  heat,  nature  of  heat, 
are  each  treated  of,  the  explanations  being  ren- 
dered particularly  clear  by  the  admirable  illustra- 
tions by  which  they  are  accompanied.  Light  and 
electricity  are  dealt  with  in  an  equally  complete 
and  satisfactory  manner,  ample  details  being  given 
with  regard  to  the  nature  of  light,  its  sources,  re- 
flection, refraction,  the  solar  spectrum,  spectrum 
analysis,  the  effect  of  light,  and  the  relations  of 
light  and  heat ;  whilst  in  the  chapter  upon  elec- 
tricity there  are  very  full  sections  upon  statistical 
and  galvanic  electricity,  electro-magnetism,  mag- 
neto, thermo,  and  animal  electricity,  and  the  rela- 
tions which  the  several  chemical  agents  bear  to 
each  other. 

To  attempt  an  epitome  of  a  volume  so  concisely 
written  as  that  at  present  under  consideration 
would  be  out  of  the  question,  but  a  fair  notion  of 
the  style  of  the  work  may  be  gained  from  the  per- 
usal of  a  single  article,  that  of  spectrum  analysis. 
— London  Mining  Journal. 


MISCELLANEOUS- 

Some  interesting  notes  on  early  chemistry  have 
appeared  in  "  Nature."  From  them  we  col- 
lect the  following  as  to  iron :  "  Iron  was  not  in 
common  use  till  long  after  the  introduction  of  cop- 
per. It  is  far  more  difficult  to  procure,  because  it 
is  not  met  with  in  the  native  state,  and  the  fusing 
point  is  very  high.  The  metallurgy  of  iron  is 
more  complex  than  that  of  copper,  and  when  ob- 
tained it  is  a  more  difficult  metal  to  work.  Ac- 
cording to  Xenophon  the  melting  of  iron  ore  was 
first  practised  by  the  Chalubes,  a  nation  dwelling 
near  the  Black  Sea;  hence  the  name  Chalups 
(XaXi4)  used  for  steel,  and  hence  our  word  chaly- 
beate applied  to  a  mineral  water  containing  iron. 
Steel  was  known  to  the  ancients,  but  we  do  not 
know  by  what  means  it  was  prepared :  it  was 
tempered  by  heating  to  redness  and  plunging  in 
cold  water.  According  to  some  kuanos  (xvavos) 
mentioned  by  Homer  was  steel ;  but  Mr.  Glad- 
stone prefers  to  conclude  that  it  it  was  bronze. 
Iron  was  known  at  least  1537  B.  C.  It  was 
coined  into  money  by  the  Lacedaemonians,  and  in 
the  time  of  Lukourgos  was  in  common  use.  It  was 
used  in  the  time  of  Homer  for  certain  cutting  in- 
struments, such  as  woodmen's  axes,  and  for  plough 
shares.  Its  value  is  shown  by  the  fact  that 
Achilles  proposed  a  ball  of  iron  as  a  prize  for  the 
games  in  honor  of  Patroklos.  Neither  iron  money 
nor  iron  implements  of  great  antiquity  have  been 
found,  because,  unlike  the  other  metals  of  which 
we  have  spoken  above,  iron  rusts  rapidly  and  soon 
comparatively  disappears.  No  remains  of  it  have 
been  found  in  Egypt,  yet  Herodotus  tells  us  that 
iron  instruments  were  used  in  building  the  pyra- 
mids; moreover,  steel  must  have  been  employed 
to  engrave  the  granite  and  other  hard  rocks,  mas- 
sive pillars  of  which  are  often  found  engraved 
most  delicately  from  top  to  bottom  with  hierogly- 
phics. Again,  the  beautifully  engraved  Babylo- 
nian cylinders  and  Egyptian  gems,  frequently  of 
cornelian  and  onyx,  must  have  required  steel 
tools  of  the  finest  temper.  We  have  no  record  of 
the  furnaces  in  which  iron  ore  was  smelted,  but 
we  know  that  bellows  were  in  use  in  the  15th 
century  B.  C.  in  Egypt,  aud  some  crucibles  of  the 
same  period  are  preserved  in  the  Berlin  museum. 
They  closely  resemble  the  crucibles  in  use  in  the 
present  day."  We  may  add  that  Mr.  Layard 
found  an  iron  saw  at  Nineveh. 


Silicate  Paints. — The  resxxlt  of  trials  made  of 
the  silicate  paint  manufactured  by  the  Silicate 
Paint  Company,  appears  very  satisfactory,  all  who 
have  used  it  speaking  strongly  in  its  favor.  All 
of  our  readers  may  not  know  that  the  basis  of  the 
paint  is  a  remarkable  deposit  of  almost  pure  silica 
in  North  Wales.  The  proprietors  submitted  it  to 
several  chemists,  whose  analysis  demonstrated  that 
it  would  be  of  peculiar  utility  as  a  substitute  for 
white  lead  in  the  manufacture  of  paint.  Results 
have  proved  the  correctness  of  this  view,  and  the 
silicate  paint,  while  less  costly  than  the  ordinary 
white  lead  paint,  has  favorably  impressed  those 
who  have  used  it.  It  entirely  resists  the  effect  of 
heat,  and  is  especially  suited  for  use  on  materials 
exposed  to  the  action  of  the  weather  or  salt  water, 
especially  iron,  there  being  no  galvanic  action,  as 
with  lead  paint. 
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ON  COMPOUND  ENGINES. 

(Continued  from  page  1.)  * 


In  compound  engines  with  a  receiver 
there  arise  two  independent  causes  of  loss, 
as  the  steam  passes  from  one  cylinder  to 
the  other.  In  the  first  place,  the  forward 
pressure  in  the  large,  cylinder  is  less  than 
the  backward  pressure  in  the  small,  on  ac- 
count of  the  resistance  of  the  passages,  etc. 
This  loss  can  be  more  conveniently  allowed 
for  in  practice  than  calculated  theoretically, 
and  has  accordingly  been  neglected  in  the 
diagrams. 

The  second  loss  arises  whenever  the  final 
pressure  in  the  small  cylinder  is  less  than 
the  pressure  in  the  receiver  at  that  time. 
Let  a  volume  of  steam  contained  in  the 
high-pressure  cylinder   at  the  end  of  the 


\F 

K 

L 

Si 

A 


# 


stroke  be  represented  by  F  K.     When  the 
exhaust  takes  place,  let  the  pressure  0  F 
Vol.  IX— No.  2—7 


be  reduced  to  0  C.  Then  C  D  will  be  the 
back  pressure  in  A,  and  the  forward  in  C  ; 
and  the  work  done  in  A  will  be  the  area 
B  L.  If  the  steam  had  been  gradully  ex- 
panded to  the  volume  C  D  the  work  done 
would  have  been  the  area  B  D.  The  work 
done  in  the  low-pressure  cylinder  would 
have  been  the  same  in  each  case;  con- 
sequently KLD,  the  difference  of  these 
two  areas,  will  under  the  first  conditions  be 
a  loss,  which  may  be  termed  a  loss  from 
sudden  expansion. 

The  accurate  value  of  K  L  can  be  found 
from  the  previous  formulae,  but  an  approxi- 
mate result  will  be  obtained  by  considering 
it  as  the  difference  between  the  final  pres- 
sure in  A  and  the  forward  pressure  at  the 
point  of  cut-off  in  C.  If  K  D  be  taken  as 
a  straight  line,  the  loss  becomes 


1     CP 


The  area  of  the  whole  figure,  or  possible 
work  of  both  engines,  is 

-^  (1  +  log  r). 

The  proportion  of  loss  to  possible  work  is 

G-Q(|-£) 

2  (1  +  log  r) 
The  percentage  of  this  loss  is  given  in 
the  table  at  the  end  of  this  article  for  dif- 
ferent proportions  of  cylinders  and  values 
of  q.  The  results  were  obtained  by  actual 
measurement  of  the  diagrams. 
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It  will  be  noticed  that  when  q  =  —  the 

loss  vanishes  ;  the  back  pressure  is  then  the 
6ame  as  the  forward  in  A,  and  consequently 
no  drop  occurs.  Figs.  10  and  12  corres- 
pond to  this  condition. 

It  will  be  seen  from  the  tables  that  the 
loss  may  reach  as  much  as  25  per  cent., 
and  that  in  actual  practice  with  the  late 
cut-off  usually  adopted  it  would  range  from 
5  to  10  per  cent. 

The  work  thus  lost  will  not  of  course  be 
dissipated ;  it  will  remain  as  heat  in  the 
receiver,  will  superheat  the  steam  there, 
and  prevent  its  liquefaction  in  the  low- 
pressure  cylinder.  This  may  account  for 
the  fact  that  compound  engines  do  some- 
times work  at  high  rates  of  expansion 
without  jacketing  and  without  experiencing 
much  trouble  from  condensation  in  the 
cylinders.  But  at  the  same  time  it  is 
highly  improbable  that  all  the  work  lost 
is  utilized  in  this  way,  and  certainly 
with  jacketed  engines  it  would  be  un- 
necessary. 

If  the  only  point  to  be  considered  were 
the  economy  of  the  steam,  it  would  seem 
desirable  to  employ  that  ratio  of  cut-off 
which,  as  in  Figs.  10  and  12,  obviates  this 


Fig.  10. 


•b  e 


C  =  4A    r— 12    g  —  4 

loss.      But   it   is   also   important   for    the 
efficiency  of  the  engine  that  the  work  done 


in  the  two  cylinders  should  be  divided  in 
eome  fixed  proportion.  It  is  generally  con- 
sidered that  the  best  results  are  attained 
when  this  proportion  is  unity. 

Fig.  11. 


C  —  4A    r  — 6    q  =  \ 

It  is  obvious  that  the  values  of  q,  which 
insure  no  loss  by  sudden  expansion,  will 
not  in  general  divide  the  work  evenly. 
This  disproportion  of  work  is  absurdly 
evident  in  Fig.  12.  But,  if  required,  a 
proportion  of  cylinders  can  easily  be  found 
which  will  satisfy  both  conditions. 

Let  C  _ 

A  ~x' 

Then  the  expansion  in 


and  when  there  is  no  drop 

q  =  x. 
The  back  pressure 

r      r 

The  work  done  in  the  high -pressure  cylin- 
der 


=  AP 


1  +  log  — 

°    X        x 


The  total  work 
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CP 


(1  -flow  r). 


If  the  work  has  to  be  twice  that  devel- 
oped in  each  cylinder,  we  have  by  reduc- 
tion 

.  log  r  — 1 

log.  X=-\-. 

(The  logarithms  used  are  in  every  case 
hyperbolic. ) 

So  also  in  the  same  way  we  can  obtain  a 
proportion  of  cylinders  which  shall  give  no 
loss  by  expansion,  and  which  shall  divide 
the  work  in  any  required  proportion. 

To  obtain  these  results  geometrically,  it 
is  only  necessary  to  construct  the  curve  of 
total  expansion,  where  0  A  (on  the  pre- 
ceding page)  represents  as  usual  the  volume 
of  the  large  cylinder,  and  to  draw  any  line 
C  D  dividing  the  figure  into  two  areas  in 

O  A 
the  required  proportion.     Then——  will  rep- 

O  o 

resent  both  the  proportion  of  the  cylinders 
and  the  value  of  q.  But  this  result  will 
not  be  strictly  correct,  as  it  makes  nu  allow- 
ance for  the  loss  in  the  large  cylinder  by  im- 
perfect vacuum  and  by  resistance,  etc.,  be- 
tween the  engines,  so  that  the  line  0  A 
must  be  replaced  by  0'  A',  where  0  0'  rep- 
resents the  probable  sum  of  these  losses. 
So,  too,  in  the  algebraical  method  the  exact 
formula  becomes 


logx: 


low  r  —  \ 


where 


P 


p  =  loss  in  pounds  per  square  inch. 


When  the  ratio  of  the  cylinders  has  been 
decided,  a  value  of  q  can  be  found  by  the 
same  method  which  will  divide  the  work  in 
any  required  proportion,  but  this  value  of  q 
may  or  may  not  entail  a  large  loss  by  sud- 
den expansion.  It  is  a  more  difficult  mat- 
ter to  decide  satisfactorily  upon  what  is  the 
best  proportion  to  divide  the  work.  In 
practice  the  horse  power  of  the  low-pressure 
engine  is  generally  only  about  two-thirds  of 
that  in  the  high,  while  at  the  same  time  it 
is  usually  admitted  that  they  should  be 
about  equal ;  but  even  for  the  latter  state- 
ment there  seems  no  valid  argument.  There 
are  two  points  to  be  considered :  First,  to 
reduce  the  maximum  strain  on  the  moving 
parts  separately  associated  to  each  engine 
— viz.,  the  piston  and  rods,  crosshead,  etc. ; 
and  secondly  to  maintain  the  twisting  mo- 
ment on  the  shafting  as  uniform  as  possible. 
The  first  condition  will  evidently  be  satis- 
fied when  the  maximum,  or  what  is  gener- 


ally the  same  thing,  initial  pressure  is  equal 
in  each  engine. 

If  the  point  of  cut-off  were  the  same  in 
each  cylinder  this  would  occur  when  the 
work  was  evenly  divided ;  but  this  is  rarely 
the  case,  and  when  otherwise,  the  cylinder, 
which  has  the  greater  ratio  of  expansion, 
should  develop  the  less  power. 

Fig.  12. 


C=4A    r  =  6    #  =  4 

Equating  the  initial  pressures,  we  have, 
when  q  is  greater  than  2,  by  formula  14, 
neglecting  the  small  term  I'  A : 

ii± 

A     r 


+  P"f) 


B  + 


■op=A(p-?«) 


when  q  is  less  than  2 

In  these  equations,  q  is  the  only  unknown, 
and  can  consequently  be  readily  determined. 
If  q  be  found  to  be  a  little  more  or  less  than 
2,  the  first  equation  will  give  the  more  trust- 
worthy result,  as  the  second  is  only  approx- 
imate, and  always  gives  a  value  slightly  in 

excess. 

p 
If  p  be  taken  as  -— -  we  find, 
15 

where  r  =  12,  and 
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2,  respectively, 
4.6, 


q  becomes  1.8    .     .     3 

where  r  =  6, 

q  becomes  1.5    .     .     1.8  .     .     2. 

It  may  be  seen  from  the  table  at  the  end 
of  the  article  that  the  distribution  of  norse- 
power  between  the  two  engines  is  almost 
entirely  independent  of  the  ratio  of  the  cy- 
linders. That  for  a  given  value  of  q  the 
work  done  in  the  high-pressure  cylinder 
will  be  almost  exactly  the  same,  whether 
that  cylinder  be  a  half  or  a  quarter  the 
volume  of  the  low-pressure  one.     But  the 

initial  strain  in  A  is  A  f  P  =— ")  and  va- 
ries, for  the  same  work  done,  directly  as  A. 
Therefore  the  smaller  the  volume  of  A  the 
less  is  the  initial  strain,  assuming  as  be- 
fore that  A  is  greater  than  —  .     In  a   pair 

of  simple  engines  of  the  same  total  horse- 
power and  ratio  of  expansion,  the  volume 

of  each  cylinder  will  be  —  and  the  initial 
a 
P  C 
strain  — - — .     This  will  always  be  greater 

than  the  corresponding  effort  in  the  small 
cylinder  of  the  compound  engine  if  that 
small  cylinder  be  more  than  half  the  vol- 
ume of  the  large. 

We  come  now  to  the  determination  of  the 
conditions  which  shall  give  the  most  uni- 
form crank  effort,  and  this  determination, 
though  perhaps  more  important,  is  at  the 
same  time  more  complicated.* 

The  method  generally  adopted  to  obtain 
the  moment  in  the  crank-shaft  is  illustrated 
in  Figs.  13  and  14.  The  horizontal  line  A 
B,  which  represents  the  path  of  the  crank- 
pin,  is  divided  into  equal  distances,  and  the 
product  of  the  pressures  at  corresponding 
positions  of  the  piston  and  the  sines  of 
the  angles  passed  through  by  the  crank 
are  set  up  as  ordinates.  If  the  connecting- 
rod  be  infinite,  these  ordinates  will  be 
the  twisting  moments  in  the  shaft.  As 
one  engine  is  90  deg.  in  advance  of  the 
other,  the  curve  D  K  B  of  one  engine  must 
start  from  the  middle  point  of  the  curve 
A  F  C  of  the  other.  The  sum  of  the  ordi- 
nates at  the  same  points  will  give  the  com- 
bined curve  FSKL  The  more  nearly  the 
greatest  ordinate  approaches  the  mean  line 


*  The  subject  of  crank  effort  is  dealt  with  very  exhaustively 
by  M.  Armengaud,  iu  his  "Traite  Theorique  e"t  Pratique  des 
yoteurs  a  Vapeux." 


M  N,  the  more  uniform  will  be  the  motion, 
The  best  result  will  evidently  be  given, 
not  necessarily  when  the  work  is  the 
same  in  each  engine,  but  when  the 
greatest  ordinate  K  0  equals  the  greatest 
ordinate  L  T.  If  the  cut-off  in  each 
engine  were  the  same,  this  would  be  equiv- 
alent to  equating  the  horsepower;  but  if 
otherwise,  the  engine  which  has  the  earlier 
cut-off  should  also  develop  less  power.  This 
is  exemplified  in  Figs.  13  and  14.  The  up- 
per one  corresponds  to  the  case  when  r=l'2, 

n 

—  =  2,  q=2 ;  the  work  done  is  in  the  pro- 
portion of  11  in  the  high-pressure  to  10  in 
the  low  ;  the  greatest  moment  is  more  than 
twice  the  mean.  It  is  plain  that  the  work 
done  in  the  low  pressure  should  be  very 
much  increased  relatively  to  the  high. 

n 

In  the  lower  figure  r  =  6,  — =2,  q  =2. 

A. 

The  low  pressure  area  is  nearly  twice  as 
great  as  that  of  the  high,  but  the  greatest 
moment  in  this  case  is  only  1.2  times  the 
mean. 

The  table  at  the  end  of  this  article  gives 
the  value  of  the  ratio  of  the  greatest  to  the 
mean  ordinate  for  various  proportions  of 
cylinders.  The  ordinates  were  calculated 
for  every  10  deg.  of  the  crank  circle,  and  on 
the  assumption  that  the  connecting  rod  was 
infinite.  Although  the  results  given  will 
consequently  be  too  small  in  each  case,  they 
will  still  hold  for  the  purposes  of  compari- 
son. On  examining  the  table,  it  will  be  ad- 
mitted that  it  is  of  the  utmost  importance 
to  have  some  idea,  before  designing  the 
shafting  of  an  engine,  of  the  ratio  of  the 
maximum  twisting  moment  to  the  mean. 
Although  under  the  most  favorable  circum- 
stances this  ratio  may  be  brought  very 
closely  to  unity,  yet  with  proportions  of  cyl- 
inders and  points  of  cut-off  not  unfrequent- 
ly  employed,  a  stress  may  be  thrown  on  the 
shafting  of  more  than  half  as  great  again  as 
the  mean  intensity,  and  not  impossibly  of 
more  than  twice  that  mean.  This  is  of  the 
more  importance  when  we  remember  that 
the  formulae  for  strength  of  propeller  shaft- 
ing in  general  use  allow  for  very  little  more 
than  the  mean  twisting  moment. 

It  is  impossible  to  lay  down  any  fixed 
proportion  in  which  to  divide  the  work  be- 
tween the  two  engines  so  as  to  obtain  the 
most  uniform  crank  effort ;  the  proportion 
will  vary  for  every  different  ratio  of  the  cyl- 
inders themselves  and  for  every  degree  of 
total  expansion.     But  by  the  following  con- 
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sideratiens  it  is  possible  to  find  a  value  of  q 
in  terms  of  the  other  known  quantities, 
which  will  accomplish  the  desired  result. 
In  every  half  circle  of  the  crank  there  are 
always  two  points  of  maximum  torsion,  one 
corresponding  to  the  greatest  ordinate  in 
the  low-pressure  curve,  the  other  to  that  in 
the  high-pressure  curve.     These  points  will 


be  K  and  L  in  the  figure,  and  it  is  clear  that 
the  ratio  of  the  maximum  to  mean  stress  is 
least  when  these  ordinates  are  equal.  As 
the  combined  ordinates  are  derived  partly 
from  each  engine,  any  expression  involving 
them  becomes  very  complicated.  But  an 
approximate   result    may   be   obtained   by 


equating  the  greatest  ordinate  due  to  each 
curve  singly.  In  the  high-pressure  engine 
the  greatest  twisting  moment  occurs  either 
at  the  point  of  cut-off  or  at  half-stroke,  ac- 
cording as  this  cut-off  takes  place  before  or 
after  half  stroke. 

In  the  low-pressure  engine,  if  the  cut-off 
occurs  after  half-stroke,  the  general  expres- 


sion for  the  twisting  moment  will  be  by  for- 
mula (14). 

CP~  (B-f  V  A)  4-^-5! 


B+^c+^^ 


sin  6. 


By    the    differential    calculue,    tMs   will 
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be    found 
when 


to    have    a    maximum    value, 


cos  6  = 


2B  +  C  + A* 

Substituting  this  value  of  6,  and  equat- 
ing to  the  greatest  moment  in  the  high- 
pressure  engine,  a  value  of  q  is  obtained. 
Let  Qt  be  the  ratio  of  expansion  in  the  high- 
pressure  cylinder,  (f>  the  angle  passed 
through  by  that  crank.     Then 

sin  <f>= *L-ii , 

and  neglecting  the  small  term  V  A, 


CP 


|«B  +  C    | 


B  + 


C  vers 


-Csintf. 


+  A 


When  q  is  less  than  2,  the  greatest  twist- 
ing moment  will  occur  in  general,  and 
always  approximately,  at  the  middle  of  the 
stroke ;  the  right-hand  side  of  the  equa- 
tion then  becomes 


°G?-*> 


When  the  connecting  rod  is  not  con- 
sidered infinite,  let  b  be  its  length,  a  that  of 
the  crank,  ip  the  angle  the  connecting-rod 
at  any  moment  makes  with  the  direction  of 
motion  of  the  piston 


Then 


sin  xp 
sin  0 


and   the 


the  piston  X 


twisting  moment 
a  sin  {6  -f-  ip) 


pressure   on 


and  the  formulae 


cos  -ip 
must  be  modified  accordingly. 

The  results  in  the  table  were  calculated 
for  an  infinite  connecting-rod  neglecting 
the  loss  between  the  cylinders,  and  allow- 

p 
ing  — —  as  the  back  pressure  in  the  large 

cylinder  due  to  an  imperfect  vacuum. 

With  the   same  assumptions  we  obtain 
from  the  formulae  that, 
where  r  =  12  and 
C 


-    ....    4       . 

.     3 

•    •     2, 

q  becomes        2.5    . 

.     3.19    . 

.     3.9, 

where  r  =  6, 

q  becomes  .13. 

.     1.6      . 

.     2. 

These  values  will  be  found  to  agree  with 
those    indicated   by  the    table,  and   are    a 


proof  that  the  formula  is  sufficiently  ap- 
proximate for  practical  purposes.  TTiey  do 
not  differ  very  materially  from  those  which 
give  the  least  straining  action  on  the  pis- 
ton, but  in  some  cases  they  may  involve 
a  considerable  loss  by  sudden  expansion. 
In  general,  however,  a  ratio  of  cylinders 
may  be  found  for  any  required  total  expan- 
sion which  will  fairly  satisfy  all  three  con- 

Q 

ditions.     As  for  example,  ~7~=  3  whenr= 


12,  and  —  =  2  when  r  =  6 


It  may  be 

noticed  that  when  the  expansion  is  high  and 
the  cylinders  not  widely  different  in  size, 
the  value  of  q  to  obtain  the  most  uniform 
crank  effort  and  least  strain  on  the  piston 
will  involve  a  back  pressure  greater  than 
the  forward  at  the  end  of  the  high-pressure 

c 
stroke.     Such  a  case  occurs  when  —  =  2, 

A 

and  r  =  12,  and  it  may  be  doubted  wheth- 
er, even  with  those  proportions,  a  uniform 
crank  effort  should  not  be  attained,  although 
one  engine  would  have  to  drag  the  other 
for  part  of  the  stroke. 

In  conclusion,  we  have,  in  designing  the 
arrangements  of  a  compound  engine,  to  at- 
tend to  the  following  considerations : — 
When  the  horse-power  to  be  developed, 
and  the  total  ratio  of  expansion  to  be  em- 
ployed are  settled,  the  size  of  the  large 
cylinder  is  also  known.  In  determining 
the  ratio  of  the  large  to  the  small  cylinder, 
it  is  to  be  remembered  that  the  greater 
that  ratio  the  less  is  the  total  weight,  primpe 
cost,  and  space  occupied,  and  the  less  also 
is  the  maximum  strain  on  the  piston,  cross- 
head,  etc.  In  determining  the  cut-off  in 
the  large  cylinder  there  are  three  points  to 
be  considered  :  The  loss  of  work  by  sudden 

Q 

expansion,  which  disappears  when  q  =1~,  and 

is  smaller  as  this  value  is  approached  ;  the 
least  strain  on  the  piston  ;  and  the  most 
uniform  crank  effort.  The  values  of  q  to 
obtain  the  best  results  in  each  of  these 
directions  can  be  readily  obtained  from  the 
formulae  given  in  the  article,  but  as  in 
general  these  values  will  not  coincide,  a 
compromise  must  be  made,  according  to  the 
wishes  of  the  designer. 

It  will  in  many  cases  be  necessary  to 
fit  an  expansion-valve  to  the  low-pressure 
cylinder,  but  we  shall  then  have  in  our 
power  the  means  of  adjusting  the  work  'de- 
veloped, in  any  ratio  required  between  the 
two  cylinders  when  working  at  any  degree 
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of  total  expansion.  It  would  seem  desira- 
ble under  these  circumstances  to  supply 
those  who  are  .  to  control  the  engines  with 
a  table  showing  the  cut-tfff  in  the  low 
pressure  cylinder  which  will  best  suit  the 
various  grades  of  expansion  in  the  high. 

To  compare  the  general  results  of  a  com- 
pound engine  with  a  receiver  with  those 
given  by  a  pair  of  simple  engines,  it  will 
be  seen  that  the  former  has  to  labor  from 
an  unavoidable  loss  by  resistance  of  pas- 
sages between  the  cylinders,  and  in  many 


cases  from  a  loss  (which,  however,  may  be 
avoided)  from  sudden  expansion.  That  the 
room  occupied  is  greater,  and  that  the 
whole  weight  of  the  small  cylinder  is  extra. 
But,  on  the  other  hand,  the  maximum 
strain  on  the  piston  will  be  less,  and  con- 
sequently the  framing  and  moving  parts 
may  be  lighter.  The  crank  effort  will,  if 
well  arranged,  be  more  uniform,  though,  if 
no  care  be  bestowed  upon  the  division  of 
work,  it  may  very  possibly  be  even  worse 
than  in  a  simple  engine. 


Total  Expansion,  12. 

Total  Expansion, 

6. 

Ratio 

Cut-off 

Percentage 

Ratio  of  work 

Maximum  to 

Percentage 

Ratio  of  work 

Ratio 

of 

large 

of 

in  A, 

mean 

of 

in  A, 

of      . 

cylinder. 

cylinder. 

loss  of  work. 

to  work  in  C. 

crank  effort. 

loss. 

to  work  in  C. 

crank  effort. 

Simple  engines. 

1.75 

1.35 

4 

1 

22.6 

4.0 

1.74 

26.0 

1.7 

1.24 

4 

3/2 

14 

1.57 

1.57 

13.3 

.83 

1.22 

4 

2 

9 

1  44 

1.4 

10.0 

.55 

1.26 

4 

2 

5 

.68 

1.25 

5.0 

.32 

1.5 

4 

3 

2.5 

.58 

1.38 

1.6 

.18 

1.7 

4 

4 

0 

39 

1.6 

CO 

.098 

2  0 

3 

1 

15 

3  6 

1.94 

16 

1.7 

1.33 

3 

3/2 

6 

1.63 

1.72 

7.6 

1  0 

1.17 

3 

2 

3.5 

1.09 

1.51 

4.0 

.63 

1.33 

3 

2 

2.5 

.9 

1  31 

1.6 

.48 

1.39 

3 

3 

0 

.62 

1.2 

0.0 

.27 

1  55 

2^ 

1 

7.5 

3.3 

1.98 

12 

1.76 

1.6 

2K 

3/2 

5 

1.64 

1.68 

5.0 

.83 

1.27 

2>£ 

2 

1 

1.0 

1.58 

17 

.62 

1  21 

2ya 

2 

5 

.9 

1.56 

.8 

.52 

1.33 

ty* 

3 

0 

.57 

1.49 

•     0.0 

.32 

1  39 

2 

1 

6 

3.2 

2.42 

7  6 

1.9 

1.73 

2 

3/2 

5 

1.6 

2  17 

1.8 

.9 

1  42 

2 

2 

0 

1.1 

2.06 

0.0 

.57 

1.21 

It  may  be  urged  against  the  conclusions 
of  this  paper,  and  more  especially  against 
the  numerical  results,  that  they  are  essen- 
tially but  approximate,  and  in  some  cases 
involve  assumptions  which  may  require 
modification  in  practice.     But  at  the  same 


time  we  think  the  errors  induced  in  this 
way  will  not  be  very  large  ;  and  that  the 
true  solution  of  the  problem — viz.,  of  the 
conditions  of  maximum  efficiency  of  a  com- 
pound engine — must  lie  in  the  direction  in 
which  we  have  endeavored  to  trace  it  out. 


THE  IKONWORKS  OF  THE  PHAEAOHS. 


By  CHAS.  W.  VINCENT. 
From  "Iron." 


Copper  and  its  alloys  were  held  in  high 
favor  with  the  earliest  civilized  nations  of 
the  world  long  after  the  discovery  of  iron, 
and  even  after  it  began  to  be  really  utilized 
— of  this  there  can  be  no  doubt.  The  bronze 
age  in  every  part  of  the  old  world  preceded 
the  iron  age.  The  change  was  not  how- 
ever, a  rapid  one  ;  the  replacement  of  copper 


by  iron  was  gradual,  and  in  this  country 
did  not  take  place  for  many  centuries,  per- 
haps decades,  after  its  introduction  and 
general  use  in  the  East — the  birthplace  of 
material  civilization,  as  well  as  the  starting- 
point  from  whence  has  swept  over  the 
world,  as  with  a  mighty  wave,  those  aspira* 
tions  for  better  and  more  lofty  things,  from 
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which  will  proceed  all  that  is  moral,  intel- 
lectual, or  noble  in  man  as  he  now  is,  in 
whatever  part  of  the  globe,  or  under  what- 
ever conditions  of  life,  he  may  be. 

I  think,  however,  that  we  are  apt  to  date 
the  use  of  iron  at  too  late  a  period  ;  we  are 
too  ready  to  take  the  tardy  civilization  of 
the  north  of  Europe  as  being  the  origin  of 
all  our  present  knowledge,  and  to  ignore 
the  fact  that  in  the  East  and  South  were  na- 
tions possessing,  thousands  of  years  before 
that  time,  an  intellectual  vigor,  it  may  be, 
even  in  excess  of  the  average  of  our  age. 
The  comparative  endurance  of  the  metals 
iron  and  copper  may  also  have  helped  this 
mistake.  As  soon  as  it  came  into  general 
use  iron  would  be  much  less  costly  than 
copper,  and,  consequently,  would  not  be 
preserved  with  so  much  care,  so  that,  being 
very  readily  oxidizable,  few  implements  or 
weapons  can  remain  to  us,  except  v*here 
they  have  been  kept  from  access  of  air. 
Hence  the  comparative  abundance  of  copper 
and  bronze  articles,  and  the  paucity  of  iron, 
may  have  been  much  misconstrued.  Stone 
chisels,  tools  for  wood  cutting  of  all  kinds, 
knives,  etc.,  were  made  of  an  alloy  of  cop- 
per and  tin. 

On  the  testimony  of  Homer,  Thrasyllus, 
and  others,  iron  was  in  use  long  before  the 
Trojan  war.  In  the  Bible,  Tubal  Cain  is 
named  as  "  the  instructor  of  every  artificer 
in  brass  and  iron ;"  but,  nevertheless,  no 
mention  is  made  elsewhere  of  iron  weapons 
or  implements  till  after  the  exodus.  Iron 
rings  have  also  been  frequently  discovered 
in  Egyptian  tombs.  Moses  compares  Egypt 
to  an  iron  furnace  (Deut.  iv.  20),  and  Job 
speaks  of  smelting  processes  (xxviii.  2) : 
"  Iron  is  taken  out  of  the  earth,  and  brass 
is  molten  out  of  the  stone."  From  the 
foregoing  it  appears,  in  spite  of  the  argu- 
ments of  the  difficulty  of  smelting  it,  and 
rendering  it  malleable,  adduced  against  the 
early  use  of  this  metal,  that  it  was  largely 
in  use  at  a  very  early  period. 

In  1822  Mr.  Burton  discovered  an  iron 
mine  at  Hammami,  between  the  Nile  and 
the  Bed  Sea,  which  had  been  worked  by 
the  Egyptians.  Kenrick  states  that  in  the 
sepulchres  of  Thebes  he  has  remarked 
butchers  sharpening  their  knives  on  a  round 
bar  of  metal  attached  to  their  aprons.  The 
blue  color  of  the  blades,  and  the  distinction 
between  the  bronze  and  steel  weapons  in  the 
tomb  of  Eameses  III.;  one  being  painted 
red  and  the  other  blue,  leaves  no  doubt 
but  that  the  Egyptians  of  an  early  Pharaoh- 


nic  age  were  acquainted  with  the  use  of 
iron. 

The  minuteness  and  finish  with  which 
the  hieroglyphic*  are  sculptured  on  obelisks, 
and  other  granitic  monuments,  may  also  be 
adduced  as  strong  arguments  that  the 
workmen  must  have  been  possessed  of  steel 
chisels,  quite  as  finely  tempered  as  any  we 
at  present  can  manufacture. 

The  amount  of  metallurgical  skill  the  first 
smelters  possessed  was  not.  very  great; 
probably  much  more  pains  were  bestowed 
on  the  manipulation  of  the  metal  after  they 
had  obtained  it  in  a  crude  state,  than  upon 
getting  a  fair  return  from  the  ore  smelted. 
As,  in  this  country  at  the  beginning  of  the 
present  century,  the  waste  heaps  at  the 
mouth  of  lead  mines  were  eagerly  reworked 
to  obtain  the  lead  and  silver  which  our  an- 
cestors had  failed  to  extract ;  so  the  Egyp- 
tian mines  of  silver,  gold,  and  iron,  may 
probably,  ere  long,  be  hunted  for,  and  the 
debris  from  them  prove  a  treasure  trove  to 
those  who  are  so  fortunate  as  to  hit  upon 
them. 

An  intimation  that  something  of  this 
kind  is  even  now  being  done  was  made  at  a 
recent  meeting  of  the  Society  of  Antiquaries. 
Mr.  Hartland  described  his  visit  to  the 
wells  of  Moses  by  the  Red  Sea,  the  Wilder- 
ness of  Sin,  and  the  monotonous  three  days' 
march  across  the  sandy  desert,  under  a 
vertical  sun,  to  the  delicious  palm-tree 
groves  of  Wady  Gherundel  and  the  defiles 
leading  to  Sinai. 

An  English  gentleman,  whose  name  is 
withheld,  travelling  in  these  parts,  was  struck 
with  the  small  blue  stones  he  discovered  in 
the  dried  up  watercourses,  which  in  the 
rainy  season  convey  the  thousand  streams 
that  hurry  to  the  sea,  and,  having  the  cu- 
riosity, to  bring  some  home,  he  soon  dis- 
covered that  they  were  turquoises  of  no  com- 
mon order. 

This  determined  him  to  make  further 
researches.  Eventually  he  has  built  a  house 
near  the  junction  of  the  Wady  Kenuch,  the 
Wady  Mokatteb,  or  the  Written  Valley, 
and  the  Wady  Megham.  Here,  aided  by 
the  friendly  tribes  he  has  taken  into  his 
pay,  he  has  discovered  the  old  turquoise 
mines  of  the  ancient  Egyptians,  the  rocks 
that  they  worked  for  the  stones,  the  very 
tools  they  used,  and  their  polishing  and 
grinding  places. 

Being  a  man  of  much  energy,  he  has 
brought  to  bear  upon  this  fortunate  discov- 
ery, the  advanced  knowledge  of  our  times, 
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and  he  is  obtaining  and  sending  over  to  this 
country  some  of  the  finest  specimens  of 
turquoises  that  exist. 

In  such  a  lonely  spot,  he  naturally  has 
not  confined  his  attention  to  this  subject 
only,  but  has  traced  out  the  system  of  forti- 
fications by  which  the  Pharaohs  protected 
their  works  and  workmen,  and,  what  is 
still  more  wonderful,  has  come  upon  the 
remains  of  vast  ironworks,  so  vast  indeed, 
that  many  thousand  people  must  have  been 
employed  upon  them,  unless  the  plant  used 
was  on  quite  as  grand  a  scale  as  that  of 
our  largest  furnaces  in  the  north  of  Eng- 
land. 

These  works  stand  adjacent  to  the  mines, 
on  some  hills  at  a  place  called  Surabit-el 
Khadin,  and  were  evidently  conducted  on  the 
Catalan  system  (in  the  opinion  of  their  dis- 
coverer). The  ore  was  very  imperfectly  ex- 
tracted— slag  brought  over  to  this  country, 
from  the  immense  heaps  that,  like  moun- 
tains, are  piled  around,  contained  as  much 
as  53  per  cent  of  iron. 

These  works  were  commenced  in  very 
early  times :  each  Pharaoh,  as  he  continued 
them,  added  a  largo  engraved  stone,  not 
unlike  our  tomb-stones,  to  state  his  work. 
It  is  to  be  hoped  that  rubbings  of  these 


stones  may  be  sent  to  some  of  our  skilled 
readers  of  hieroglyphics,  since  much  valua- 
ble historical  information  respecting  the 
Egyptian  metallurgy  may  have  been  by 
them  preserved  for  our  enlightenment,  and 
to  show  how  little  the  mind  of  civilized 
man  has  really  developed  during  3,000 
years. 

In  the  neighborhood  a  small  temple  was 
erected  for  the  use  of  the  workmen,  and 
here  also  was  a  barrack  for  the  soldiers  who 
protected,  or  kept  them  in  order. 

This  district  has  remained  unexplored, 
probably  on  account  of  its  being  quite  out 
of  the  beaten  track;  and  in  an  unknown 
country  there  is  no  temptation  to  stray, 
particularly  as  the  guides  and  dragomans 
discourage  any  explorations  which  may  add 
to  the  risk  of  the  journey.  It  is,  however, 
much  to  be  desired,  that  now  that  attention 
is  directed  to  the  locality,  and  moreover, 
since  the  thorough  investigation  of  its  sites 
is  likely  to  prove  exceeding  profitable,  that 
the  enterprise  and  desire  for  knowledge  of 
our  scientific  explorers  may  find  help  from 
the  ready  hand  of  some  of  our  commercial 
magnets,  and  thus,  that  a  past  book  in  the 
world's  history  may,  by  English  persever- 
ance, be  re-opened. 


ON  THE  BLOCK  SYSTEM  OF  WOEKING  EAILWAY  TKAFFIC  * 

From  "  Telegraphic  Journal." 


The  author  was  afraid  that  electricians 
would  be  disappointed  at  the  character  of 
the  paper  which  he  was  about  to  read, 
and  that  those  of  the  railway  world  would 
be  affronted  at  the  position  which  he  took 
in  assuming  to  himself  the  functions  of  a 
Mentor.  But,  in  fact,  the  railway  system 
of  this  country  is  as  yet  far  removed  from 
the  summit  of  the  engineer's  ambition — a 
perfect  working  machine,  though  it  is  cer- 
tainly approaching  that  point.  While  the 
carefully  prepared  statistics  of  the  Board  of 
Trade  show  that  the  traffic  is  increasing 
with  marvellous  rapidity,  the  average  num- 
ber of  total  accidents  is  stationary.  In  the 
three  years  ending  1849,  the  average  num- 
ber of  passengers  killed  by  causes  beyond 
their  own  control  was  12,  being  (roughly)  i 
one  in  four  million  passenger  journeys 
made.     In  the  year  1871  the  number  kill- 


*A  Paper  read  before  the  Society  of  Telegraph  Entrineere' 
by  Mr.  W.  H.  Preece. 


ed  was  the  same,  while  the  proportion  to 
the  passenger  journeys  made  was  one  in  31 
millions.  We  have  in  these  statistics  the 
most  powerful  evidence  of  improved  work- 
ing, and  of  the  beneficial  effect  of  that  pro- 
cess of  scientific  thought  which  is  the  appli- 
cation of  the  lessons  taught  by  past  expe- 
rience to  new  and  different  circumstances. 
The  reports  of  the  inspecting  officers  of 
the  Board  of  Trade  upon  the  accidents 
which  occur  show  exactly  where  the  shoe 
pinches,  and  favor  the  application  of  the 
law  of  average  in  bringing  out  the  defects 
or  merits  or  variations  in  railway  working. 
Dangerous  modes  of  working  are  frequent- 
ly carried  on  for  long  periods  without  acci- 
dent, but  they  invariably  break  down  at  last. 
One  railway  company  may  use  an  imperfect 
system  for  many  years  without  accident, 
but  if  12  different  companies  adopt  the 
same  system,  the  probability  is  that  before 
many  months  elapse  something  will  show 
a  defect  which  requires  to  be  cured.     The 
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published  reports  of  the  Board  of  Trade 
furnish  experimental  data  from  which  a 
pure  science  of  railway  working  can  be 
formed.  A  careful  examination  of  138  ac- 
cidents which  were  reported  upon  has  en- 
abled the  author  to  summarize  the  causes 
of  accidents  into  four  heads.  Those  due  to 
defective  permanent  way  have  formed  18 
per  cent. ;  those  due  to  defective  rolling 
stock  13  per  cent. ;  those  due  to  defective 
human  machinery  41  per  cent. ;  those  due 
to  defective  signalling  arrangements  28  per 
cent.  Of  these  accidents  56  per  cent,  were 
the  effect  of  collision  always  preventable. 

Now,  the  question  naturally  arises,  why 
should  there  be  such  a  wide  difference  in 
the  safety  of  trains  travelling  upon  the 
Southern  lines  as  compared  with  the  North- 
ern lines  ?  Is  it  that  the  elements  of  ac- 
cident are  more  abundant  in  the  latter  than 
in  the  former  ;  that  the  traffic  is  more  crowd- 
ed ;  that  there  is  a  greater  variation  in  the 
character  of  the  trains  ;  and  that  the  speed 
is  higher  ?  Or  is  it  that  the  systems  are 
more  lax,  and  that  the  accommodation  is 
more  defective  ?  The  author  cannot  answer 
these  questions  ;  but  there  is  one  fact  strik- 
ingly evidenced  on  the  Southern  lines  as 
compared  with  the  Northern  lines,  namely, 
that  upon  the  Southern  lines  the  block  sys- 
tem is  carried  out  in  its  entirety  to  a  great- 
er extent  than  upon  the  northern  lines.  Of 
the  16,000  miles  of  railway  in  .the  United 
Kingdom,  only  about  4,000  are  worked 
upon  the  much  talked  of  block  system. 
Now,  what  is  the  block  system  ?  It  is  that 
system  by  which  trains  are  kept  apart, 
upon  the  same  line  or  rails,  by  a  certain 
and  invariable  interval  of  space,  instead  of 
by  an  uncertain  and  variable  interval  of 
time.  The  term  "  block"  itself  is  a  most 
unfortunate  one.  It  was  introduced  in  the 
early  days,  through  the  practice  of  blocking 
or  pinning  over  the  telegraph  needle  in  the 
early  instruments  used  to  work  this  system. 
The  "  space  system,"  in  opposition  to  the 
"  time  system"  would  have  been  far  more 
appropriate.  The  practice  under  the  time 
system  is  to  exhibit  the  danger  signal  for 
five  minutes,  and  the  caution  signal  for  five 
minutes  more,  after  a  train  or  engine  has 
passed  any  station,  junction,  level,  crossing, 
or  siding.  Trains  are  thus  kept  apart  by 
fixed  periods  of  five  minutes,  and,  if  the 
caution  signal  were  more  properly  regard- 
ed, they  would  be  kept  apart  by  an  interval 
of  time  even  longer  than  this.  The  speed 
of  a  train  is   entirely  the  responsibility  of 


the  driver.  Immunity  from  accident  is  de- 
pendent upon  his  keeping  a  clear  look-out. 
If  engines  ran  at  regular  and  fixed  speeds, 
if  the  driver  could  always  insure  a  good 
view  before  him,  and  if  the  signals  were 
near  together  and  were  properly  regarded, 
a  rigid  interval  of  time  might  be  maintain- 
ed between  following  trains.  But  none  of 
these  elements  of  safety  are  constant.  Fast 
expresses  follow  slow  goods  trains,  now 
through  a  thick  fog,  and  then  in  bright 
sunshine.  Trains  are  so  frequent  in  some 
places  that  the  interval  cannot  be  adhered 
to  ;  obstructions  to  view  arise  from  curves 
and  cuttings  and  atmospheric  causes ;  long 
lengths  of  line  are  unprotected  by  signals, 
and  signals  themselves  are  frequently  ne- 
glected. Hence  the  time  system  is  brimful 
of  elements  of  danger,  and  the  inexorable 
logic  of  facts  has  shown  that  the  time  in- 
terval is  illusory,  and  the  system  unsafe. 
When  trains  are  invariably  kept  apart  by 
an  interval  of  one  or  two  miles,  col- 
lision between  them  becomes  impossible. 
This  is  the  block  system.  This  system 
has,  very  improperly,  been  divided  into  two 
classes — the  "  absolute"  block  and  the  "  per- 
missive" block.  The  absolute  block  is  the 
block  system  proper.  The  permissive  block 
is  not  a  block  system  at  all,  but  a  system 
introduced  by  the  London  and  North  West- 
ern Bailway  Company  at  the  suggestion  of 
Mr.  Edwin  Clark,  not  to  secure  the  safety 
of  their  trains,  but  to  increase  the  capacity 
of  their  line  for  the  transmission  of  their 
enormous  and  increasing  traffic.  It  is 
doubtless  an  improvement  on  the  time  sys- 
tem, but  it  bears  little  affinity  to  the  block 
system,  and  should  certainly  not  be  included 
in  the  same  category.  There  is  a  very  broad 
distinction  between  the  block  system  as  an 
abstract  principle  and  the  means  of  carry- 
ing out  that  principle.  We  hear  of  Tyler's, 
of  Walker's,  of  Spangaletti's,  of  the  needle, 
and  of  other  block  systems.  They  are  not 
block  systems,  but  simply  instruments  de- 
vised to  carry  out  the  electrical  portion  of 
the  block  principle.  The  carrying  out  of 
the  block  system  means  an  entire  rearrange- 
ment of  the  rules  and  regulations  of  the 
working  traffic,  a  complete  reorganization 
of  the  signals,  the  construction  of  fresh 
siding  accommodation,  the  education  of  the 
staff,  the  transference  of  much  responsibility 
from  the  drivers  to  the  signalmen.  More- 
over, the  working  of  the  block  system  is 
not  necessarily  an  electrical  question.  If 
the  sections  of  the  line  be  very  short  it  can 
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be  worked  by  mechanical  or  by  pneumatic 
agency,   and  where  the   sections  are  long 
and  the  trains  are  few  it  can  be  worked  by 
a  staff.     On  busy  occasions,  when  the  trains 
are  numerous,  it  is  quite  possible  to  work 
the  block  by  ocular  agency,  by  merely  plant- 
ing men  within  sight  of  each  other  to  regulate 
the  trains  by  flags  and  other  means.     The 
time  system  having  been  proved  to  be  inef- 
ficient, and  the  block  system  having   been 
shown  to  be  the   safer  principle,  how  is  it 
that  the  adoption  of  the  block  system  in 
this  country  has  been  so  slow  ?     People  as 
a  rule  are  very  sceptical  of  any  new  inven- 
tion until  it  has  been  practically  established 
for  a  long  period,  and  particularly  so  when 
it  is  based  upon  principles  which  are  not 
understood.     It  took  the  public  a  very  long 
time  to  get  used  to  railways,  and  it  took  rail- 
way authorities  a  much  longer  time  to  get 
used  to  the  telegraph.     Even  now  the  tele- 
graph is  looked  upon  as  an  expensive  aux- 
iliary, bringing  in  no  returns  ;   or,  at  least, 
this  was  the  case  before  the  transfer  to  the 
Government.      The   accidents   it   has   pre- 
vented and  the  lives  it  has  saved  are  un- 
known.    It  is  the  last  thing  thought  of  in 
the  construction  of  a  line  ;  it  is  the  very  first 
thing  flown  to  in  moments  of  danger  and 
difficulty.     But  its  principles  are  not  under- 
stood ;    and  the  application  of  electricity  to 
signalling  purposes  is  still  less  apprehend- 
ed.    On  the  London  and  South- Western, 
the  first  outlay  in  the  construction  of  the 
block  was  £125  per  mile.     The  annual  cost 
of  maintenance  is  £60  a  mile.     On  the  Lon- 
don, Chatham,  and  Dover,  the  first  cost  was 
£174  a  mile ;   the  annual  maintenance  £60 
a  mile.     On  the  Midland  line  the  annual 
cost  is  between  £30  and  £40  a  mile  on  the 
main  line  between  London  and  Bedford  ac- 
cording to  returns  furnished  to  the  Board  of 
Trade,  but  this  sum  probably  referred,  only 
to  the  electrical  portion  of  the  system.     The 
South- Western     figures,     probably,    more 
nearly  represent  the  total  cost  of  mainte- 
nance.    The  electrical  appliances  form  but 
a  small  item  of  the  total  cost  of  the  block 
system,  the  expense  being  chiefly  due  to  the 
signal   boxes,  interlocking   apparatus,  and 
other   accessories.     But  in  addition  to  the 
question   of    cost   which    has   delayed   its 
introduction,    there    is   a   certain    amount 
of  prejudice    against   its   working.      It   is 
said   to   introduce   delay,  and  to  be  objec- 
tionable   because   it   removes    the   respon- 
sibility  from    the     driver    to   the    signal- 
man.    Experience  had  shown  that,  under 


proper  regulations,  there  is  not  only  an 
absence  of  delay,  but  absolute  expedition 
in  working,  with  the  block  system,  and 
that  the  capacity  of  a  line  *for  the  convey- 
ance of  trains  is  largely  increased  thereby. 
And,  as  regards  the  responsibility  of  the 
driver,  this  had,  if  anything,  been  increased, 
for  the  correct  working  of  the  block  de- 
pends essentially  upon  the  driver  paying 
proper  regard  to  the  signals.  But,  in  ad- 
dition to  this,  the  block  system  has  in- 
stilled into  the  driver  an  amount  of  confi- 
dence which  he  never  felt  before,  and 
checked  that  daring  recklessness  that  was 
at  one  time  so  prevalent.  Thus  prejudice, 
cost,  and  indifference,  have  led  to  the 
neglect  of  the  block  system.  These  ob- 
jections are,  however,  rapidly  dying  out, 
and  most  of  our  great  railway  companies 
are  now  largely  extending  the  block.  In 
the  external  visual  signals  uniformity 
should  be  secured.  The  author  is  far  from 
advocating  the  block  system  as  the  cure 
for  every  evil.  We  know  well  that  where 
we  are  dependent  upon  human  agency 
mistakes  will  arise  ;  and  various  defects  in 
connection  with  the  permanent  way  and 
rolling  stock  might  be  a  cause  of  accident. 
But  the  author  contends  that  a  compulsory 
block  system  would  cause  other  improve- 
ments to  follow  in  its  wake. 

The  second  paper,  on  the  same  subject, 
was  read  by  Major  Mallock.  The  author 
was  lately  ordered  by  the  Government  of 
India  to  report  on  the  use  of  the  telegraph 
in  connection  with  railways  in  England^ 
and  the  paper  contained  some  of  the  results 
which  he  had  arrived  at  in  pursuance  of 
that  order  The  block  system,  as  used  in 
England,  is  chiefly  applied  to  double  lines, 
and  may  be  distinguished  by  the  general 
name  of  the  non-following  block,  in 
contradistinction  to  the  non- meeting  block 
which  is  necessary  on  single  lines.  There  are 
various  methods  of  carrying  out  the  block 
system,  any  one  of  which,  looked  at  by  itself, 
is  apparently  perfect,  but  to  choose  between 
them  it  is  necessary  to  know  what  is  really 
required.  No  rules  on  the  subject  have 
been  issued  by  the  Board  of  Trade.  There 
are  seven  main  classes  of  instruments  now 
used  with  the  block  system.  There  are 
also  variations  of  them,  but  these  all  depend 
on  the  main  classes.  There  is,  first,  a 
double  needle  instrument,  combining  a 
bell,  introduced  by  Mr.  Edwin  Clark  on  the 
London  and  North- Western  Railway,  in 
1854  ;  second,  electro-magnetic  semaphores 
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combined  with  bells,  introduced  by  Mr. 
Preece  in  1862  ;  third,  variations  of  Clark's 
needles  and  bells,  introduced  by  Spangol- 
etti  in  1862;  fourth,  the  working  of  bells 
alone,  introduced  by  Walker  on  the  South- 
western Railway  in  1861  ;  fifth,  an  electro- 
magnetic semaphore  combined  with  bells, 
introduced  by  Mr.  Walker  in  1866  ;  sixth, 
two  indices  combined  with  a  bell,  introduced 
by  Tyler  in  1869  ;  and  seventh,  a  modifica- 
tion, introduced  in  1872,  of  Preece's  origin- 
al intrument  of  1866.  The  first  three  of 
these  instruments  are  usually  called  three- 
wire  systems,  and  are  worked  by  a  perma- 
nent current.  They  require  one  wire  for 
each  line  of  rails,  plus  one  wire  for  the  bell. 
The  last  four  are  called  one-wire  systems, 
and  are  worked  by  a  temporary  current.  A 
needle  instrument  of  any  sort  permits  of 
talking,  and  is  otherwise  dangerous.  At 
first  sight  needle  instruments  seem  so 
cheap  and  so  easy  to  understand  and  re- 
pair, that  a  person  not  acquainted  with  the 
subject  would  be  apt  to  prefer  them,  but 
there  are  in  connection  with  them  certain 
imperfections  and  dangers.  The  theory  of 
working  them  is,  that  a  constant  positive 
current  kept  on  the  line  by  the  commutator 
being  pinned  over  will  show  the  line 
blocked,  whilst  a  negative  current  shows 
the  line  clear,  or  vice  versa.  In  actual 
practice,  however,  line  clear  is  only 
signalled  on  the  train  arriving,  and  then 
the  needle  is  allowed  to  fall  to  zero,  the  re- 
sult being  that  should  tke  needle  be  pin- 
ned over,  and  the  line  blocked,  the  needle 
will  fall  to  zero.  The  theory  is  that  a  man 
ought  not  to  consider  the  line  clear  unless 
he  has  had  a  call  on  the  bell,  or  the  needle 
be  put  over  the  line  clear  until. he  has  an- 
swered. It  will  be  readily  seen  how  easy  it 
is  in  practice,  when  a  man  is  hurried,  for 
him  to  make  a  mistake. 

The  Board  of  Trade  inspectors  have 
expressed  their  opinion  that  a  talking 
instrument  is  most  necessary,  but  still  it 
is  only  as  an  adjunct  to  the  block  sys- 
tem. A  flash  of  lightning  may  reverse 
the  magnetism  of  the  needle  instrument 
so  that  it  will  show  u  line  clear"  when  it 
is  meant  that  the  line  is  blocked.  Of  the 
one-wire  system  there  is  no  use  in  contem- 
plating Walker's  bell  without  indices, 
when  the  introduction  of  the  latter  is  a 
great  safeguard  and  not  much  expense.  In 
Tyler's  instruments  the  workmanship  is  ex- 
ceedingly good,  and  they  are  apparently 
the  most  sensitive  instruments,  and  calculat- 


ed to  work  the  longest  distances,  but,  like 
needle  instruments,  they  are  liable  to  have 
reverse  signals  given  on  them  by  atmosphe- 
ric electricity.  Also  the  plungers,  which 
give  the  signals  "  Line  clear"  and  "  Train 
on  line,"  are  so  much  alike  that  they  may 
be  mistaken  by  a  man  in  a  hurry.  Wal- 
ker's instrument  is  strong,  but  possesses 
somewhat  similar  disadvantages.  In 
Preece's  instrument  (worked  by  a  single 
wire)  the  commutator  which  charges  the 
signals  "  Train  on  line"  and  "  Line  clear" 
is  a  miniature  semaphore  lever,  and  there- 
fore there  is  much  less  chance  of  mistake 
than  with  the  other  instruments.  It  also 
admits  of  interlocking,  like  Yarley's  system.  f 

In  consequence  of  a  recent  addition,  the 
signal  "  Line  clear"  cannot  be  given  unless 
both  sender  and  receiver  are  concerned  in 
making  it,  and  therefore  atmospheric  cur- 
rents will  cause  no  mistake.  The  single 
wire  systems  are  generally  used  for  the 
non-following  block ;  but  where  there  is  a 
single  line  of  railway,  and  the  non- 
meeting  block  is  used,  the  rule  is  that 
no  second  train  goes  into  the  same  sec- 
tion in  either  direction.  In  India,  how- 
ever, they  got  into  a  complication  with  . 
single  lines  which  is  not  contemplated  by 
either  of  these  systems,  namely,  that  the 
line  being  blocked  ahead  with  trains  going 
up,  any  number  may  go  down  it.  That  is 
the  permissive  block  system.  If  absolute 
block  is  to  be  introduced  in  India,  either 
this  plan  must  be  prohibited,  or  they  must 
provide  for  a  non-following  block  plus  a 
non-meeting  block.  The  author  proposes 
to  do  this  by  two  wires  :■ — 

.  f_B  —  C  —  D-?-c 


Looking  upon  A  and  E  as  two  sidings, 
and  B,  C,  D  as  cabins  between  them,  the 
lower  line  of  the  diagram  would  be  a  non- 
meeting  block,  whilst  the  lines  between 
the  cabins  would  be  a  non-following  block. 
The  manager  of  the  South- Western  Railway 
has  said  that  such  a  system  combined  with 
a  train  register  would  be  perfect.  The  pa- 
per then  gave  some  particulars  of  a  confe- 
rence of  railway  managers  and  others,  held 
at  Berlin  on  the  1st  of  December,  1870, 
with  reference  to  the  block  system,  and 
detailed  a  series  of  principles  which  were 
adopted  at  that  conference.  The  author 
concluded  with  a  series  of  twenty-four  rules 
which  he  had  deduced  from  his  investiga- 
tions as  to  the  working  of  the  block  system 
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in  England,  and  which  coincided  with  the 
spirit  of  the  principles  laid  down  by  the 
German  conference,  but  were  somewhat 
more  comprehensive.  The  rules  so  laid 
down  by  the  author  consisted  of  a  series  of 
affirmations  to  the  following  effect: — The 
block  system  entails  no  loss  of  time,  but, 
on  the  contrary,  enables  a  far  greater  traffic 
to  be  carried  on. .  It  is  essential  to  the  safe 
working  of  a  line.  The  system  of  the 
"  permissive"  block  is  most  dangerous.  It 
is  of  no  use  to  establish  a  block  system 
if  the  sections  are  too  short  for  a  train  go- 
ing at  full  speed  to  stop  in,  or  if  a  slack 
method  ,of  working  be  permitted.  Any  sta- 
tion at  which  shunting  is  or  may  be  carried 
on  must  be  guarded  by  the  block.  A  private 
code  of  signals  between  the  men  must  not 
be  allowed.  Whatever  system  of  block  is 
introduced,  a  train  register  is  wanted.  On 
dangerous  sections  a  train  should  report 
back  its  own  arrival.  Besides  block  in- 
struments, talking  instuments  should  be 
provided,  and  these  must  not  be  inter- 
posed in  circuit  with  others,  but  each 
section  must  work  separately.  On  ex- 
ceptional sections  the  block  instruments 
should  interlock  with  the  semaphore  levers. 
"Line  clear"  should  not  be  signalled  back 
until  the  tail-board  of  a  train  is  seen,  lest 


any  of  the  carriages  should  be  left  on  the 
line.  The  line  staff  has  proved  inopera- 
tive without  the  assistance  of  the  telegraph. 
Electric  repeaters  are  required.  The  block 
system  is  as  necessary  with  light  as  with 
heavy  traffic.  Where  a  bell  code  is  in  use, 
a  large  number  of  beats  is  liable  to  lead  to 
confusion.  Needle  instruments  which  can 
be  used  for  talking  are  objectionable  as 
block  instruments.  It  should  be  impossi- 
ble to  show  "Line  clear,"  unless  the  signal- 
men at  both  ends  are  concerned  in  making 
the  signal.  Plungers,  such  as  those  of  Tver 
and  Walker,  which  may  be  mistaken  in  the 
hurry  of  working,  are  dangerous.  At  the 
junction  of  two  lines  the  block  instrument 
should  interlock  on  the  principle  of  Saxby 
and  Farmer's  interlocking  semaphore  levers, 
so  that  "  Line  clear  "  cannot  be  telegraphed 
to  both  sections  at  the  same  time.  Ex- 
ceedingly simple  instruments  are  desirable. 
The  working  of  the  block  instrument  should 
approximate  as  much  as  possible  to  the 
Vorking  of  the  outside  semaphore.  A  sin- 
gle-wire system,  working  with  a  temporary 
current,  cannot  be  considered  perfect  if 
lightning  can  reverse  the  current  or  demag- 
netize the  instrument.  The  receiver  must 
not  be  able  to  alter  the  index  of  incoming 
signals  at  his  station. 
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From  "The  Engineer. 


At  the  Vienna  Exhibition  an  object  of 
special  attention — even    thus    early — upon 
the  part  of  the  great  wheat-growers  of  East- 
ern Europe,   has  been,  the   straw-burning 
engine   of  Messrs.    Bansonies,    Sims,    and  i 
Head,  of  Ipswich  where  we  have  recently  I 
had  the  opportunity  of  examining  the  con-  | 
struction   and   seeing   the   working  of  this 
engine,  which  has  but  very  lately  been  per- 
fected after  many  months'   study  and  ex- 
perimental progress. 

We  can  imagine  some  of  our  home  read- 
ers sying:  What  can  "a  straw-burning 
engine "  be,  or  be  for  ?  Is  not  straw  a 
costly  product  of  farm  skill,  scarce  in  cer- 
tain seasons,  and  at  all  times  dear  and  valu- 
able as  food  and  as  bedding  for  our  farm- 
steads, while  as  fuel,  straw — why,  is  it  not 
proverbially  as  bad,  or  worse,  than  the 
"  thorns  which  crackle  under  the  pot  ?  " 
Quite  true  all  this,  of  our  country,  and  of 
much   of  the    most    densely-peopled    and 


civilized  parts  of  Europe  and  of  North 
America ;  but  far  from  being  so  as  respects 
vast  regions  of  semi-civilization  in  three  out 
of  the  four  great  continents. 

Value  is  but  a  relation.  A  single-barrel- 
led rifle — such  as  is  exported  to  the  wild, 
lone  lands  of  British  North  America — may 
be  bought  in  London  for  say  £± ;  but, 
arrived  at  Fort  Pitt,  and  in  the  hands  of 
the  Hudson's  Bay  Company's  trader,  it  will 
purchase  in  barter  those  sables  or  black  fox 
furs  worth  in  London  £60  or  £80.  So  also 
is  it  of  straw.  There  are  regions  where  it  is 
so  abundant,  and  where  the  surrounding  cir- 
cumstances and  conditions  are  such,  that  it 
is  practically  valueless.  Such  is  the  fact 
over  those  measureless  plains  of  Eastern 
Europe  and  of  far  Western  North  America, 
which  year  by  year  pour  forth  that  pro- 
digious mass  of  wheat  which  feeds  so  large 
a  proportion  of  the  peoples  of  Europe  and 
of  the  United  States.     From  the  confines  of 
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Russian-Poland,  nearly  into  the  heart  of 
Russia,  and  reaching  almost  to  the  Black 
Sea  and  the  Adriatic,  and  in  America  ex- 
tending for  more  than  six  degrees  of  lati- 
tude, and  from  the  Sierra  Nevada  to  the 
Pacific,  stretch  the  great  wheat-growing 
lands  of  the  world.  The  inhabitants  are 
few  iu  both  hemispheres — a  sort  of  agri- 
cultural nomads.  The  land  is  ploughed  by 
bullocks,  or  the  steam  plough,  and  sown. 
The  ocean  of  grain  crop  springs  long  there, 
and  ripens  almost  unseen  by  human  eye. 
The  rains  have  saturated  the  soil  by  May 
or  early  June  ;  dry  weather  sets  in,  the 
grain  falls  and  matures  in  the  steaming  air 
and  hot  sunshine,  and  by  August  or  Sep- 
tember, if  not  before,  the  crope  is  ripe. 
Then,  in  Europe,  out  come  the  peasant 
laborers  again  from  their  dorfs  and  villages, 
great  harvesting  encampments  are  made 
here  and  there,  the  locomotive  engine  and 
the  thrashing  machine  are  set  to  work  after 
the  reaping  machine,  and  the  crop,  led  often 
for  miles  by  bullock  carts,  is  separated  into 
grain  and  straw.  We  have  no  space  here 
for  details,  interesting  though  they  are,  of 
how  the  grain,  by  means  of  bullock  trains, 
or  long  rafts  and  barges,  slowly  finds  its 
way  down  many  great  rivers,  or  over  ill- 
roaded  plains,  to  the  great  shipping  ports  of 
the  Euxine  and  the  Baltic.  The  straw  is 
made  into  vast  heaps  or  rude  stacks,  often 
half  a  mile  in  length,  at  each  station.  There 
is  almost  no  use  for  it ;  it  is  too  bulky  for 
transport,  there  are  few  cattle,  except  those 
for  draught,  and  all  their  wants,  with  those 
of  the  peasants — who  are  too  often  not 
very  much  above  these  in  the  scale  of 
creation — are  wholly  insufficient  for  its  con- 
sumption. Much  of  it  rots,  much  is  burnt 
to  get  rid  of  it,  and  the  ashes  left  to  spread 
and  drift  with  the  wind  over  the  land. 
Straw  is  there  a  drug— in  effect,  utterly 
valueless  ;  not  as  the  straw  of  Quartermain 
or  Tattersall's  yards,  nor  even  as  the  pre- 
cious sables  of  Regent  street  were  at  Fort 
Pitt,  already  worth  something;  but  the 
straw  here  is  valueless,  absolutely  valueless 
— there  is  no  use  for  it,  it  cannot  be  sold. 

In  remoter  days,  when  all  the  work  of 
these  granaries  of  the  old  world  was  done 
by  animal  and  human  labor,  there  was  no 
use  for  it  as  fuel—  it  was  burnt  merely  to 
see  an  end  of  it.  But  with  the  introduction 
of  steam  culture  and  harvesting  a  change 
came— fuel  was  to  be  had  for  the  engines. 
Coal  could  be  had  but  to  a  limited  extent ; 
wood   is   not   to   b§   found  often  for  miles 


upon  the  plains,  and  even  brushwood  is  in 
places  scarce.  The  idea  of  burning  the 
straw  as  fuel  to  raise  steam  is  not  quite 
new.  Some  years  have  elapsed  since  it  was 
tried,  and  not  wholly  unsuccessfully  in 
Russia,  and  after  a  very  primitive  fashion. 
The  wheels  next  to  the  fire-box  of  the  loco- 
motive engine  were  taken  off ;  the  ash-pan 
and  fire-bars  removed ;  a  huge  pit  was 
sunk  in  the  ground  lined  roughly  with 
brule  or  stone,  if  procurable  ;  a  sort  of  flue 
funnel  at  one  side,  just  the  area  of  the  in- 
terior of  the  fire-box  of  the  engine,  which 
was  then  placed  right  over  this.  The  pit 
was  filled  with  straw  that  was  set  on  fire, 
and  continually  fresh  straw  was  thrown  in. 
The  fire-box  and  tubes — in  fact,  the  whole 
boiler  and  engine — became  thus  only  a  flue 
prolonged  from  over  this  straw  furnace. 
Steam  was  gently  kept  up,  but  the  waste 
of  heat  was  great,  the  supply  of  straw  im- 
mense, as  was  the  labor  of  bringing  that  to 
the  immovable  point  where  the  pit  was 
once  for  all  formed  ;  and  the  exterior  of  the 
fire-box,  indeed  the  whole  engine,  became 
so  heated  as  often  to  be  destroyed,  and  al- 
ways rapidly  injured. 

So  matters  stood  until  Messrs.  Ransomes 
and  Co.  turned  their  attention  to  the  prob- 
lem which  they  have  now  so  completely 
solved,  namely,  to  adapt  to  the  ordinary 
locomotive  engine  such  arrangement-  as 
should  enable  it  to  be  worked  steadily  and 
to  its  full  power  with  straw  fuel,  these  ar- 
rangements being  as  simple  as  possible,  as 
alone  suited  to  the  rude  people  who  are  to 
manage  them,  involving  the  least  possible 
amount  of  change  or  addition  to  tbe  ordi- 
nary engine  — of  such  a  character  that  the 
engine  can  be,  with  a  very  insignificant 
amount  of  charge,  restored  to  its  condition 
for  burning  coal,  timber,  or  any  other  fuel. 
These  conditions  fulfilled,  it  is  obvious  that 
besides  the  abolition  of  the  waste  and  tech- 
nical difficulties  of  the  pit-burning  method, 
the  great  advantage  would  be  secured  that 
the  locomotive  now  could  follow  its  fuel  in 
place  of  the  fuel  having  to  be  brought  from 
a  distance  to  supply  it.  This  problem,  in 
all  its  conditions,  has  been  most  perfectly 
solved  by  Messrs.  Ransomes  and  Co.,  and 
by  means  which  are  strikingly  simple.  AVe 
have  examined  an  eight-horse  (nominal) 
locomotive  fitted  for  straw  burning,  and 
seen  the  engine  for  some  time  at  work,  ap- 
plied to  a  dynamometer  brake  which  gave  a 
resistance  requiring  the  steady  application  of 
twenty-horse  actual  power  to  overcome  it. 


STRAW-BURNING   LOCOMOTIVE. 
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The  following   constitutes   the   arrange- 
ments to  adapt  any  ordinary  engine  of  this 
class  to  work  with  straw  fuel.     The  engine 
is  constructed  with   a   fire-box  larger  than 
that  needed  for  coal  fuel — in  this  case  it  is 
one  simply  1  ft.  longer  than  that  for  coal. 
The  fire-bars  are   taken  out,  and  three  or 
four  light  wrought-iron  cross  bars  about  4  in. 
apart  supply  their  place.     To  the  fire-door 
opening  of  the  fire-box   a  cast  iron  mouth- 
piece  is    attached,  carrying   two   or   three 
small  doors  for  inspection  of  the  fire,  and  in 
and  close  to  and  beneath  these,   a  pair   of 
gathering,  or   "finger   rollers,"  placed  with 
axes    parallel,     horizontal,    and    transver- 
sal, are   arranged.     These   are  geared  to- 
gether,  and   can   be   worked    at   the  slow 
speed  needed  either  by  hand,  by  a  winch 
handle,    or  by  a  strap  and  pulley,  by  the 
engine  itself.     A  fiat  shoot,  or  tray,  much 
like  that  of  a  common  chaff-cutting  machine, 
extends  4   ft.   or  5  ft.  outwards   from   the 
rollers,    ki   width    equal    nearly    to    their 
length,   and   open    on     top.     Beneath   the 
wide  grille  of  bars   described  as  taking  the 
place  of  the  fire-bars  is  an  ash-pan,  open 
to  the  front  end  of  the  engine;  across  the 
open  mouth  of  this,  and  above  the  level  of 
the  grille,  is   a   small  tube  perforated  with 
minute    holes,    which   discharge    in    little 
vertical  threads,  a  small  amount  of  water 
supplied  from  a  pipe  led  from  the  ordinary 
feed  pump  of  the  engine.     This  is  the  en- 
tire apparatus.     To  start  to  work  the  fire- 
box  is   moderately  filled   with   straw,   led 
into    it   from   between   the   finger   rollers. 
This  is  ignited,  and  the  supply  of  straw  is 
kept  up  by  continuing  to  turn  these  rollers  by 
hand,  drawing  in  straw,  fed  into  the  shoot 
by  the  stoker,  until  steam  is  got  up.     As 
soon    as     this    occurs     the    strap     pulley 
keeps   the   finger    rollers    going,   and    all 
that   is   needed   is   to  keep  up  the  supply 
of  straw  by  the  shoot.     Such  is  the  entire 
of  the  apparatus.     The  blast  pipe  in  the 
tunnel  supplies  the  draught  in  the  usual 
way.     Nothing  appears  to  escape  from  the 
funnel  but  a  white  cloud,  chiefly  of  watery 
vapor.     The  consumed  straw  does  not,  as 
might  be  expected,  form  a  dense  glassy  slag 
of  the  silica  and  potass  or  soda  contained  in 
it  naturally,   but  falls  to  the  bottom  of  the 
ash-pan    as    a    dusky   flock   or   wig — the 
pseudomorphs,    so  to   say,   of  the  straws. 
This  is  little  coherent,   and   when  it  accu- 
mulates the  grille  or  ash-box  is  cleared  of  it 
by  a  rake  or  slice  provided  to  be  worked 
from  the  feeding  end  of   the  fire-box.     On 


the  occasion  of  our  inspection,  the  boiler 
being  full,  the  water  at  the  temperature  of 
the  day — probably  rather  under  50  deg. 
Fahr. — the  fire  was  kindled  as  described. 
In  less  than  15  min.  steam  began  to  be 
formed,  and  in  about  40  min.  was  at  40  lbs. 
to  45  lbs.  pressure.  The  time  of  getting 
up  steam  is,  in  this  case,  comparatively 
unimportant ;  but  this  rapidity  is  sufficient 
to  prove  that  straw  is  a  more  effective  fuel 
than  commonly  is  supposed. 

The  dynamometer  brake  having  been 
adjusted  to  the  resistance  due  to  20-horse 
power,  and  the  engine  being  provided  with 
a  counter,  was  kept  at  work  for  some  time, 
and  the  general  phenomena  presented 
noticed.  One  man -was  readily  able  to  feed 
in  the  supply  of  straw  fuel.  There  was  but 
little  skill  required  in  this  operation,  and  a 
sufficient  uniformity  of  supply  was  easily 
maintained.  The  entire  fire-box  was  kept 
full  of  a  ruddy  glowing  blaze,  and  the  mass 
of  flame  was  observed  completely  to  fill  the 
tubes  and  to  reach  the  smoke-box. 

One  hundred  weight  (112  lbs.)  of  straw 
was  then  weighed  out,  and,  from  the  com- 
mencement of  its  being  fed  in,  was  consum- 
ed in  about  14  min.  This  may  be  consider- 
ed as  about  460  lbs.  per  hour,  or  41J(\T°=23  lbs. 
per  hour  per  horse-power.  Locomotive 
engines  of  this  size  and  make,  not  being 
provided  with  an  expensive  gear,  consume 
of  coal  probably  from  5  lbs.  to  5 \  lbs.  per 
hour  per  horse-power.  It  would  follow, 
therefore,  that  straw  fuel  burnt  in  this  way 
is  equal  to  from  one-fifth  to  one-fourth  its 
weight  of  coal.  This  is  not  a  large  result, 
but  it  is  one  that  proves  straw  to  be  a  far 
less  despicable  fuel  than  it  has  been  report- 
ed or  imagined.  It  is  one,  too,  the  use  of 
which  we  think  Messrs.  Eansomes  and  Co. 
will  yet  improve  upon,  for  their  experiments 
so  far  as  to  the  best  proportionate  supply  of 
air  to  the  fire-box,  though  they  have  secur- 
ed an  excellent  practical  result,  are  not  end- 
ed, and  no  doubt  can  exist  that  any  great 
excess  of  air  must  materially  reduce  the 
efficiency  of  the  boiler  with  this  fuel.  It 
should  be  borne  steadily  in  view,  however, 
that  the  efficiency  of  straw  fuel  in  this  in- 
stance is  but  a  secondary  consideration. 
The  straw  exists  in  superabundance ;  it  is 
valueless  ;  the  .  primary  consideration  is  so 
to  feed  and  burn  it  that  it  shall,  without 
trouble  or  skill  in  management,  keep  up  a 
steady  supply  of  steam  in  agricultural  en- 
gines ;  and  this  has  been  effected.  The 
engine,  as  fitted  for  straw-burning,   can  be 
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worked  with  brushwood,  furze,  dry  leaves, 
heather,  bulrushes,  reeds,  etc'.  ;  and  so  may 
even  find  its  use  in  other  regions  devoid  of 
good  fuel  besides  the  grain  plains  of  Europe 
or  of  America,  and  in  the  latter  country 
may  yet  be  destined  to  enable  culture  to  be 
introduced  into  the  treeless  prairies  of  the 
North- West  of  the  United  States  or  of 
British  America. 

The  straw  which  was  used  before  us  was 
of  the  ordinary  dryness  of  well-saved  Eng- 
lish straw  at  this  season  ;  but  there  can  be 
little  doubt  that  that  contained,  and  that  all 


straw  contains,  a  considerable  proportion  of 
hygrometric  water ;  and  just  as  the  metal- 
lurgic  value  of  wood  is  found  greatly  in- 
creased by  baking  or  drying,  so  may  it  here- 
after prove  that  the  drying  of  the  Russian 
straw  in  some  simple  form  of  drying  sheds 
heated  by  straw  may,  render  it  a  still  better 
fuel  by  causing  its  combustion  to  be  more 
rapid  and  at  a  higher  temperature.  But 
the  first  great  step  has  been  achieved  which 
alone  is  success.  It  remains  to  ascertain 
and  to  work  out  what  improvements  in 
detail  may  be  possible. 


MANUFACTURE  OF  IRON  AND  STEEL  BY  DIRECT  PROCESS .* 

From  "London  Mining  Journal." 


Dr.  Siemens  commenced  his  paper  by  an 
examination  into  the  amount  of  labor  and 
the  quantity  of  fuel  required  for  the  pro- 
duction of  a  ton  of  steel  by  the  old  indirect 
operations  still  practised  to  a  small  extent, 
and  which  comprise  the  use  of  blast  furnaces, 
puddling,  cementing,  and  crucible  steel- 
melting  furnaces.  He  then  alluded  to  the 
Bessemer  process,  and  to  the  advantage 
which  had  resulted  from  the  introduction  of 
cheap  steel  due  to  that  process.  After 
which  he  gave  a  description  of  the  Siemens- 
Martin  or  Scrap  process,  and  the  Siemens 
or  Ore  process,  both  of  which  offer  great 
advantages  for  the  manufacture  of  steel  of 
a  superior  quality  at  a  low  cost.  Dr.  Sie- 
mens then  stated,  that  since  1866  he  had 
been  engaged  in  the  development  of  a  pro- 
cess for  the  manufacture  of  iron  and  steel 
direct  from  iron  ore,  and  described  the  ap- 
paratus which  he  had  from-  time  to  time 
designed  for  attaining  this  end. 

In  the  pursuit  of  this  object,  Dr.  Siemens, 
in  the  year  1868,  constructed  at  Landore  a 
rotative  furnace,  for  the  reduction  of  iron 
ore  into  sponge,  which  was  attached  to  an 
open  hearth  steel-melting   furnace,    where 
the  reduced   material  was   converted   into ; 
steel  by  its  fusion  in  a  bath  of  cast-iron  ;  | 
now,  however,  he  effects  the  whole  opera-  j 
tion  in  the  rotative  furnace  itself. 

This  rotative  furnace  is  arranged  as  a  re- 
generative gas  furnace,   in  which  air,  in- 1 
tensely  heated  by  means  of  regenerators,  is  ; 
introduced,   in  order  to  consume  (immedi-  j 
ately  above  the  charge)  the  carbonic  oxide, 


*  Abstract  of  a  paper  read  by  Dr.  C.  William  Siemens,  F.  R.  S., 
at  the  meetiug  o(  the  Iron  and  Steel  Institute,  held  in  London 
on  the  30th  April,  1873. 


which  is  formed  at  a  certain  stage  of  the 
process,  through  the  reaction  of  the  oxygen 
of  the  ore  upon  the  carbon  mingled  with  it. 
By  this  means,  the  waste  of  carbonic  oxide, 
which  occurs  in  the  blast  furnace,  is 
avoided. 

As  at  present  constructed,  the  rotator 
measures  7  ft.  diameter  by  8  ft.  6  in.  in 
length,  is  mounted  upon  antifriction  rollers, 
and  is  provided  with  gearing  through  which 
quick  and  slow  motion  can  be  communicat- 
ed to  it  at  will. 

The  rotator  is  closed  by  a  swinging  door 
at  one  end,  is  constructed  partly  of  cast  and 
partly  of  wrought  iron,  and  is  lined  with 
bricks  made  from  calcined  bauxite,  a  min- 
eral peculiarly  adapted  by  its  refractory  na-  ■ 
ture  to  resist  the  action  of  the  scoria  and 
the  high  temperature  required.  Having 
been  previously  heated,  it  is  then  charged 
with  about  a  ton  and  a  half  of  iron  ore, 
with  the  necessary  fluxes,  or  admixture  of 
other  ores  to  form  a  liquid  slag  under  the 
influence  of  heat,  is  thereupon  set  in  motion, 
and,  an  intense  flame  being  directed  into  it, 
in  order  to  heat  the  ore  thoroughly,  carbon 
for  deoxidation  is  introduced,  when  the  ore 
is  on  the  point  of  melting.  Under  these 
conditions,  the  metallic  iron  is  soon  precipi- 
tated from  the  molten  ore,  on  which  the 
slag  is  tapped  off,  and  a  greater  speed  of 
motion  than  before  is  given  to  the  rotator 
to  ball  up  the  iron.  A  charge  of  15  cwt.  of 
wrought  iron  may  be  thus  made  in  rather 
less  than  three  hours  with  a  consumption 
of  25  cwt.  of  coal  to  the  ton  of  metal  pro- 
duced, which  is  about  one-half  of  the  weight 
of  coal  required  for  making  a  ton  of  pig  iron 
in  a  blast  furnace. 


RESISTANCE   OF   IRON   TO    STRAIN. 
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Hitherto  Dr.  Siemens  has  confined  his 
attention  chiefly  to  the  production  of  steel 
by  this  process,  and  in  this  he  has  been  thor- 
oughly successful,  producing  by  such  means 
a  steel  of  superior  quality,  equal  to  crucible 
steel.  He  is  now  devoting  himself  to  the 
production  of  wrought  iron,  and  an  impor- 
tant feature  of  this  process  is  the  purity  of 
the  metal  produced,  notwithstanding  the 
presence  of  objectionable  matter  in  the  ma- 
terials employed.  Thus,  although  coal  con- 
taining on  an  average  8  per  cent,  of  sulphur 
was  used  for  admixture  with  the  ores  under 
treatment,  the  metal  obtained,  as  was  shown 
by  the  tables  of  analyses,  did  not  contain 


above  .013  per  cent,  of  sulphur,  when  ores 
free  from  that  impurity  were  employed,  and 
metal  made  principally  from  Cleveland  ore 
was  obtained  with  at  most  .176  per  cent,  of 
phosphorus. 

Samples  of  both  iron  and  steel,  giving 
evidence  of  the  high  quality  of  the  metal 
producible,  made  by  Messrs.  Vickers  &  Co., 
Sheffield ;  the  Sample  Steel  Works,  Bir- 
mingham; and  the  Landore  Steel  Com- 
pany, Swansea.  The  last-named  works, 
which  were  established  when  the  scrap 
and  ore  processes  were  in  their  infancy, 
are  now  producing  1,000  tons  of  steel  per 
week. 


KESISTANCE  OF  IEON  TO  STKAIK 


From  "  Iron." 


The  following  brief  summary  of  the  be- 
havior of  iron  under  strains  may  not  be  de- 
void of  interest  and  value  : 

Cast-iron  is  unsuitable  for  use  as  a  tie, 
beause  its  strength  is  uncertain,  and  on  ac- 
count of  its  accommodating  itself,  less  than 
malleable  iron,  to  any  cross  strain.  Malle- 
able iron  allows  of  considerable  torsion, 
without  any  great  diminution  of  its  direct 
strength,  but  any  twist  brought  on  a  bar  of 
cast-iron,  with  a  direct  strain,  is  almost  sure 
to  result  in  fracture,  long  before  the  whole 
of  its  direct  strength  is  called  into  action. 
In  three  experiments  (two  of  them  being  by 
Mr.  George  Bennie),  a  mean  of  8.14  tons, 
or  about  18,000  lbs.  per  sq.  in.,  broke  the 
following  bars  of  cast-iron  : — Bar,  1J  in. 
square,  broke  with  a  strain  of  11.35  tons, 
or  7.26  tons  to  the  square  inch.  Bar,  \  in. 
square  (cast  horizontally),  broke  with  1,193 
lbs.,  or  8.52  tons  to  the  square  inch.  Bar, 
J  in.  square  (cast  vertically),  broke  with 
1,218  lbs.,  or  8.66  tons  to  the  square  inch. 
As  regards  the  use  of  cast-iron  to  resist 
direct  strain,  there  are  some  peculiarities ; 
such  as  in  the  manufacture  of  hydrostatic 
presses  and  water-pipes,  where  it  is  note- 
worthy that,  although  it  might  be  supposed 
that  the  strength  of  a  cylinder,  exposed  to 
an  internal  pressure,  is  in  exact  proportion 
to  its  thickness,  yet,  practically,  this  is  not 
the  case ;  and  the  thickness  has  to  be  in- 
creased in  a  greater  proportion  than  the 
strain. 

The  following  rule  is  given,  by  competent 
authority,  to  compute  the  thickness  of  such 
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metal.  Multiply  the  pressure  per  square 
inch  by  the  radius  of  the  cylinder,  and  di- 
dide  the  product  by  the  difference  between 
the  cohesive  strength  of  a  square  inch  rod 
of  the  metal,  and  the  pressure  per  square 
inch,  and  the  result  will  be  the  required 
thickness.  Cast-iron  being  most  frequently 
used  in  girders,  etc.,  its  tran verse  strength 
is  a  matter  of  great  moment.  Mr.  Banks 
rested  the  ends  of  square  inch  bars  of  cast- 
iron  on  supports  3  ft.  apart,  and  then  load- 
ed them  with  weights  at  the  centre,  till 
fracture  took  place.  The  results  were  as 
follows : — 


No. 


Distance  of  supports. 


36  

36  

30 

Reduced  to  36  in 

36  

36  

36   

Average  of  three  others 

36  

36   

By  Mr.  George  Rennie. 

Mean 


Breaking 
Weight." 


Mean. 


756 
756 


10U8 

*960 
958 
994 


86.4 

874 


756 
840 

972 

730 

869 

897 

6)  5064 

844 


Experiments  on  the  deflection  of  cast-iron 
submitted  to  a  transverse  strain  was,  on  two 
specimens  of  old  pig-iron,  each  3  ft.  in  length, 
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smooth,  clean,  and  regular  castings,  the 
section  of  the  bars  being  rectangular,  depth, 
0.65  in. ;  breadth,  1.3  in.  ;  the  supports  85 
in.  apart,  and  the  load  suspended  in  the 
middle.  The  deflections  were  as  follows  : 
With  60  lbs.  applied,  the  first  bar  bent  0.1 
in.  ;  the  second  bar,  0.1  in.  With  120  lbs., 
the  first  bar,  0.2  in.,  the  second,  0.203  in. 
With  162  lbs.,  the  first  bar  0.265  in.,  the 
second,  0.275  in.  The  iron  was  slightly 
malleable,  in  a  cold  state,  and  yielded  easily 
to  the  file.  The  fracture,  dark  grey,  and 
with  little  metallic  lustre.  It  may  be  taken 
that  162  lbs.  is  the  greatest  weight  it  would 
bear  without  impairing  its  elastic  force. 
Another  trial  with  Adelphi  iron,  of  the  same 
dimensions,  showed  a  deflection  of  0.265  in., 
with  a  weight  of  162  lbs. 

Cast-iron  may  be  considered  to  have  its 
elasticity    destroyed   with   about   one-third 
the  weight  that  will  produce  fracture.     It 
ought  not,  therefore,  to  be  loaded,  in  per- 
manent  constructions,    to   more    than   this 
amount.       That   there   is   an    element    of 
strength   in   beams  subjected  to  transverse 
strains,  arising  from  the  lateral  action  of  the 
fibres  or  particles  on  each  other,  has  been 
demonstrated  by  experiments.     They  show 
that  the  neutral  axis  must  be  at  or  above 
the  top  of  the  beam,  or  there  must  be  some 
other  cause  for  the  strength  of  the   beam 
when   subjected   to    transverse   strain.      It 
being  proved  that  the  neutral  axis  is  in  the 
centre  of  a  rectangular  beam,  and  that  its 
position  is  not  sensibly  altered  by  variations 
in  the  amount  of  strain  applied,  it  becomes 
evident  that  if  there  were  no  other  elements 
of  strength  than  the  resistance  to  direct  ex- 
tension   and    compression,     the     breaking 
weight,    as  computed   by   the   well-known 
formula,  could   be    readily  obtained.     But 
the  weight  so  calculated  is  practically  less 
than  half  the  actual  strength  of  the  beam, 
and  further  experiments  show  that  a  large 
proportion  of  the  strength  of  cast-iron,  when 
subjected  to  transverse  strain,  is  due  to  the 
lateral  action,  and   that  comparison  of  the 
relative  strengths  of  different  foims  of  sec- 
tions, calculated  on  the  assumption  that  the 
resistances  are  constant  forces  or  governed 
by  a  constant  co-efficient,  must  be  entirely 
fallacious. 

The  following  are  the  results  of  experi- 
ments on  transverse  strength  of  square  and 
round  bars  of  cast-iron  of  1  in.  sectional 
area.  Length  of  bearing  60  in. : — Square 
bars,  broken  on  their  sides,  breaking  weight, 
5^7  lbs. ;  cylindrical  bars,  breaking  m  eight, 


474  lbs. ;  square  bars  broken  on  their  angles, 
breaking  weight,  449  lbs. 

Square  and  round  bars  about  4  in.  section- 
al area,  bearing  60  in.  : — Square  bars 
broken  on  their  sides,  4.010  in.  area,  break- 
ing weight  3,478  lbs. ;  cylindrical  bars, 
4.977  in.  area,  breaking  weight,  4143  lbs.  ; 
Ditto,  3.717  in.  area,  3132  lbs.  Square 
bars  broken  on  their  angles,  area  4.020  in., 
2988  lbs.  Compound  sections  48  in.  bear- 
ing :— ■ 

Section  in  form  of  I,  sectional  area  2.69, 
breaking  weight,  4004  lbs. 

Section  in  form  of  H>  area  2.59,  break- 
ing weight  2569  lbs. 

On  computing  the  above  by  the  theory 
referred  to,  the  apparent  resistance  at  the 
outer  fibre  varies  from  25,271  lbs.  to  53,- 
966  lbs.,  while  the  tensile  strength  of  the 
metal  as  obtained  by  experiment  on  direct 
tension  averages  only  18,750  lbs.  This 
discrepancy  and  variation  will  be  found  to 
arise  from  the  omission  of  the  resistance 
consequent  on  the  molecular  disturbance 
accompanying  curvature.  A  due  considera- 
tion will  show  that  this  resistance  is  one 
acting  in  addition  to  the  direct  extension 
and  compression — that  it  is  evenly  distrib- 
uted over  the  surface,  and  consequently 
(within  the  limits  of  its  operation)  its  points 
of  action  will  be  at  the  centres  of  gravity 
of  the  half  section — that  this  uniform  resist- 
ance is  due  to  the  lateral  cohesion  of  the 
adjacent  surfaces  of  the  fibres  or  particles 
and  to  the  elastic  reaction  which  thus 
ensues  between  the  portions  of  a  beam 
irregularly  strained — and  that  it  is  propor- 
tionate to,  and  varies  with,  the  irregularity 
of  strain  between  the  fibres  or  particles 
nearest  to  the  neutral  axis  and  those  most 
remote.  Such  are  the  deductions  of  Mr. 
Barlow,  argued  at  length  by  him  with 
clearness  and  logical  force. 

In  trials  on  hollow  cast-iron  columns, 
Mr.  Hodgkinson  mentions  a  curious  and  im- 
portant fact.  Some  of  the  pillars  were  un- 
intentionally cast  with  one  side  thicker  than 
the  other,  and  this  gave  him  an  opportunity 
of  observing  if  there  was  any  falling  off  in 
the  strength.  But  it  would  seem  that  a 
matter  which  would  appear  to  destroy  all 
confidence  in  a  pillar,  does  not  produce  a 
great  reduction  in  its  stability.  The  pro- 
bable reason,  he  imagines,  is  this,  that  from 
some  general  cause  the  thin  side  was  always 
the  one  compressed,  and,  as  cast  iron  resists 
compression  with  about  six  times  the  force 
that  it  offers  to  tension,  the  pillar  seldom 
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gave  way  by  the  former,  and  bore  nearly 
as  much  as  if  it  had  been  of  equal  thickness 
on  both  sides. 


The  following  is  a  table  of  the  breaking 
weight  per  .square  inch  of  solid  cast-iron 
columns  1  in.  in  diameter : — 


Length     of 

column  in 

diameter. 

10 

11 

12 

13 

14 

15 

16 

17 

20 

30 

40 

B re  akin t: 

weight  in 

lbs.      per 

sq    in.  of 

section  . . 

74,200 

70,200 

66,400 

62,800 

59,400 

56,100 

53,100 

50,300 

42,900 

26,500 

15,300 

The  strength  of  malleable  iron  as  tested 
by  the  Admiralty  at  Woolwich  Dockyard, 
in  the  shape  of  chain  cable,  is  given  as 
under : — 

Old  cable  1\  in.  sq.  bars  cut  into  pieces 
2  ft.  long ;  73  tons  10  cwt.  Another  trial 
of  similar  metal,  80  tons. 

Archangel  square,  1^  in.  bars  cut  into  2 
ft.  lengths,  piled  and  rolled  into  bolts,  71 
tons. 

One  and  a-half  inch  old  bolts  found 
promiscuously,  and  piled  and  fagoted  by 
hand ,  71  tons  10  cwt. 

English  bars,  1^  in.  (full),  piled  and 
rolled;  86  tons.  Ditto  1|  in.  (bare),  80 
tons. 

The  mean  of  all  the  trials  gave  76  tons 
for  the  strength  of  a  double  bolt  of  1|  in. 
diameter  in  the  cable  form,  which  corre- 
sponds to  about  21  £  tons  per  sq.  in. 

Now,  by  the  same  machine,  the  mean 
strength  of  wrought  iron  per  square  inch 
was  25  tons  ;  therefore,  the  strength  of  iron 
in  the  cable  form  is  to  that  of  the  simple 
bolt  in  about  the  ratio  of  43  to  50.  But 
with  stays,  the  strength  would  be  very 
nearly  equal  to  that  of  the  iron  in  the  sim- 
ple bar  form. 

Mr.  Telford  caused  experiments  to  be 
made  on  the  direct  cohesion  of  malleable 
iron,  the  results  of  which  are  recorded 
as  follows  : — 

No.  1.  Cylindrical  bar  of  South  Wales 
iron :  length  when  put  in,  2  ft.  2|  in.  ; 
diameter,  If  in.  Torn  asunder  by  43  tons 
11  cwt. 

No.  2.  Cylindrical  bar  of  South  Wales 
iron  :  length  2  ft.  2§  in. ;  1-i-  in.  diameter. 
Torn  asunder  in  34  minutes  by  52  tons  15 
cwt.  1  qr.  10  lbs. 

No.  3.  Square  bar  of  Staffordshire  iron  ; 
length,  1  ft.  5£  in.  ;  and  J  in.  square, 
Began  to  stretch  with  12  tons,  and  broke 
with  15  tons  5  cwt.  3  qrs,  4  lbs,  in  9f 
minutes. 

No.  4.  Square  bar  of  Staffordshire  iron  i 


length,  1  ft.  7f  in.  by  1  l-12th  inch  square. 
Began  to  stretch  with  32  tons,  and  broke 
with  32  tons  6  cwt.  4  lbs.  in  16  minutes. 

No.  5.  Square  bar  of  Welsh  iron,  1  in. 
square.  Stretched  ^  in.  with  18  tons,  and 
broke  with   29   tons,  after  stretching  2f  in. 

No.  6.  Bar  of  Swedish  iron,  1  in.  square. 
Began  to  stretch  with  17  tons,  and  broke 
at  a  flaw  at  29  tons. 

No.  7.  Bar  of  fagoted  (from  scrap)  iron. 
Began  to  stretch  at  16  tons,  and  broke  at 
29  tons. 

No.  8.  Bar  of  common  Staffordshire. 
Began  to  stretch  at  19  tons,  and  broke  at 
31  tons. 

No.  9.  Cylindrical  bar  of  common  bar 
iron,  2  in.  in  diameter.  Began  to  stretch 
at  45  tons;  fractured  and  gave  way  at  100 
tons. 

Reduced  to  1  in.  square,  the  mean 
strength  of  the  above  is  20  tons  h\  cwt. 

Mr.  Barlow  has  some  very  interesting  ex- 
periments on  record  respecting  tubular 
bridges  and  girders.  He  endeavored  to 
ascertain  the  exact  amount  of  load  to  whioh 
a  bridge  may  be  subjected  without  en- 
dangering its  safety ;  or,  in  other  words,  to 
determine  the  fractional  strain  of  its  esti- 
mated powers  of  resistance.  They  show 
that  wrought  iron  girders  of  ordinary  con- 
struction are  not  safe  when  submitted  to 
violent  disturbances  equivalent  to  one^ 
third  the  weight  that  would  break  them, 
They,  however,  exhibit  wonderful  tenacity 
when  subjected  to  the  same  treatment  with 
one-quarter  the  load,  and  assuming,  ther«-= 
fore,  that  an  iron  girder  bridge  will  bear 
with  this  load  twelve  million  changes  with- 
out injury,  it  is  clear  it  would  require  328 
years,  at  the  rate  of  100  change  per 
day,  before  its  security  was  affected.  It 
would,  however,  become  dangerous  to  risk 
a  load  of  one-third  the  breaking  weight 
upon  bridges  of  this  description,  as,  accord- 
ing to  the  last  experiment  made,  the  beam 
broke  with  313,000  changes ;  or  a  period 
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of  eight  years  at  the  same  rate  as  before 
would  be  sufficient  to  break  it.     He  sup- 
poses it  to  be  more  than  probable  that  the  ! 
beam  used  might  have  been  injured  by  the  i 
previous  three  million  changes  to  which  it  i 
had  been  subjected  ;  and,  assuming  this  to  I 
be   true,    as   time  is  an  element,  it  would 
then  follow  that  the  beam  was  progressing 
to  deterioration,  and   must  of  necessity  at  j 
some   time,    however   remote,   have   termi- 1 


nated  in  a  fracture.  Wrough  iron  girders 
are  not  safe  if  subjected  to  a  load  equal  to 
a  tensile  strain  of  seven  tons  per  square 
inch,  and  are  not  safe  if  that  strain  i9  sub- 
jected to  alternate  changes  of  taking  off  the 
load  and  laying  it  on  again,  provided  a 
certain  amount  of  vibration  is  produced  by 
that  process,  and  he  considers  that  five  tons 
of  tensile  strain  on  the  bottom  of  girders  is 
an  ample  standard  of  strength. 


ON    RESULTS    OF  A  RECENT  INVESTIGATION  INTO  ANCIENT 
MONUMENTS  AND  RELICS.* 

From  "The  Building  News." 


Mr.  Phene  divided  his  subject  into  mon- 
uments illustrative  of  public  rites  of  sepul- 
ture ;  of  private  interment;  those  for  the 
performance  of  ceremonies  ;  and  those  for 
sacrificial  worship.  His  investigations  on 
the  Earl  of  Glasgow's  estates  enabled  him 
to  lay  before  the  meeting  a  plan  and  sec- 
tions of  a  tumulus,  the  principal  features  in 
which  were :  the  general  construction  of 
the  mound ;  a  radial  arrangement  of  the 
tombs ;  a  mixed  species  of  sepulture  by  the 
same  operators,  and  at  a  common  date, — in 
short,  as  the  result  of  a  single  ceremony ; 
and  a  rude  knowledge  of  mechanical  forces, 
judiciously  applied.  The  tumulus  is  in  the 
Great  Cumbrse,  the  larger  of  two  islands 
east  of  the  southern  end  of  the  Isle  of  Bute, 
in  the  Firth  of  Clyde.  The  tumulus  is  at 
the  extreme  north  of  the  island  on  which  it 
is  placed, — a  position  probably  chosen  as 
having  in  an  easterly  direction  from  it  a 
prominent  conical  hill,  the  neighborhood  of 
such  hills  having  been  customary  places  for 
interment,  and  for  the  exercise  of  sepul- 
chral and  other  rites.  The  construction  is 
unusual,  and  displays  labor  and  intent.  The 
original  surface  soil  was  of  a  very  dark 
color,  and  each  sepulchre  stood  on  a  sepa- 
rate mound  of  bright  sea-sand;  each  tomb 
was  also  carpeted  with  a  complete  layer  of 
fine  white  quartz  pebbles,  which  time  had 
detached  from  the  red  sandstone  conglome- 
rate of  the  coast,  and  which  still  abounds 
on  the  shore  of  Ayrshire.  The  mounds  of 
sea-sand  were  almost  uniform  in  extent, 
and  of  a  common  level,  and  appeared  to 
have  been  heaped  over  their  sides  all  round 
as  soon  as  deposited,  having  between  them 


*  A  paper  read  before  the  Royal  Institute  of  British  Archi 
tecte  by  Mr.  John  S.  Phene. 


and  over  their  slopes  a  thick  layer  of  the 
dark-colored  original  surface  soil,  which 
served  to  retain  all  in  their  positions.  The 
slope  of  the  mounds  was  almost  that  taken 
by  sand  when  heaped  up  and  unmolested 
by  other  forces — about  32  deg.  ;  and  on 
the  summit  of  each  heap  was  placed  a  red 
sandstone  cist,  consisting  of  four  stone 
slabs,  which  in  every  case  retained  a  true 
vertical  position-  The  dimensions  of  these 
cists  were  approximate  to  each  other,  ex- 
cept in  one  case  ;  they  are  of  a  size  com- 
mon to  sepulchral  chambers  of  this  class, 
which  have  the  characteristic  of  being 
hardly  able  to  contain  a  full-sized  human 
body,  even  when  doubled  up  and  com- 
pressed. Each  cist  was  covered  with  a 
slab  of  the  same  material,  reaching  consid- 
erably over  the  external  dimensions  of  the 
wall  slabs,  and  apparently  irregularly 
rubbed  or  worked  so  as  to  discharge  rain  or 
moisture  from  the  centre  towards  the  edges, 
or  else  selected  from  an  accidental  tendency 
to  this  form.  In  one  case  such  economy  of 
labor  was  clearly  shown,  by  the  use  of  a 
water-worn  slab  for  the  cover,  which  pos- 
sessed these  general  features.  These  slabs 
were  all  in  a  true  horizontal  position,  but 
were  so  adjusted  as  not  to  rest  on  the  ver- 
tical or  wall  slabs,  from  which  their  weight 
was  discharged  by  an  arrangement  of  unce- 
mented  masonry  which  carried  them.  The 
whole  had  then  been  heaped  over  with  a 
third  soil,  quite  distinct  from  the  other  two, 
the  source  of  which  was  displayed  by  an 
adjoining  hollow  in  similar  soil,  which  on 
measurement  was  found  to  correspond  very 
nearly  with  the  cubical  contents  of  the 
tumulus,  and  somewhat  resembled  it — an 
inverted  outline  of  the  one  tolerably  repre- 
senting the  other.     The  largest  and  most 
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important  cist  was  in  the  centre  of  the  tumu- 
lus, and  placed  nearly  due  north  and 
south.  It  contained  the  unburnt,  and  ap- 
parently uninjured,  bones  of  a  man  of  full 
stature.  Due  north  of  this  cist  was  a  small 
one,  which  contained  the  also  unburnt 
and  perfect  bones  of  a  youth,  and  a  few 
fragments  of  divers  pottery.  The  pecu- 
liarity of  the  masonry  is  its  involving  prob- 
ably the  earlist  style'  of  arrangement  which 
led  to  the  use  of  the  discharging  arch.  And 
if  we  take  this  as  the  rudest,  and  an  ex- 
ample of  the  more  finished  of  the  Pictish 
arches  in  the  Orkneys,  we  shall  find  their 
almost  exact  counterparts  in  Mexico.  The 
author  said  that  he  had  met  with  similar 
methods  of  discharging  the  superincumbent 
weight  of  the  cover  from  the  lateral  slabs  in 
Argyllshire  and  in  Roxburghshire.  As  il- 
lustrating private  and  domestic  modes  of 
sepulture,  in  contradistinction  to  evidently 
public  and  official  ones,  Mr.  Phene  next 
described  a  small  tumulus  on  Timpendean 
Moor.  Observing  that  some  tufts  of  heather 
rose  above  the  rest  in  something  of  a  circular 
outline,  he  had  had  the  vegetation  removed, 
when  a  number  of  slight  mounds,  like  mole- 
hills, were  seen.  At  about  a  foot  in  depth 
these  were  found  resting  on  blocks  of  gran- 
ite between  two  and  three  feet  in  length, 
and  nearly  a  foot  in  breadth  and  thickness, 
which  were  found  lying  as  radii ;  they  were 
pointing  to  a  common  centre,  but  at  some 
distance  from  it.  Within  them  was  a  flat 
area,  of  an  oval  form,  the  external  part  of 
which  was  also  irregular ;  an  appearance 
which,  on  removing  the  soil,  was  found  to 
arise  from  a  number  of  loose  stones  in  a 
tolerably  uniform  position,  but  looking  as 
though  they  had  been  levelled  or  fallen  down 
from  time.  The  external  measurement  of 
these  in  the  longest  direction  was  abont 
80  ft.  across,  the  perfectly  smooth  area  with- 
in them  being  about  5  ft.,  less.  Mr.  Phene 
had  all  the  soil  removed  from  the  latter, 
and  found,  at  about  the  same  depth,  a  very 
perfect  paving  of  stones,  neatly  placed,  and 
having  a  smooth  upper  surface ;  these  were 
laid  upon  a  light-colored,  unwrought  soil, 
and  from  a  few  inches  to  nearly  2  ft.  below 
that  was  the  rock.  On  the  pavement  being 
removed  in  portions,  a  dark  patch  was  ob- 
served in  the  soil,  under  which  was  char- 
coal, and  beneath  that  black  and  decayed 
wood,  evidently  part  of  a  stake  about  4  in. 
in  diameter,  and  penetrating  into  the  earth 
nearly  2  ft.  below  the  underside  of  the  pav- 


A  careful  examination  of  the  still  un- 
disturbed pavement  showed  in  several  simi- 
lar positions,  deficiencies  in  the  stones, 
beneath  which  were  corresponding  patches 
of  charcoal  surmounting  the  remains  of 
decayed  oaken  stakes,  the  holes  for  which, 
in  more  than  one  case,  had  perforated  the 
soft  rock  beneath.  These  holes  were  equi- 
distant from  each  other,  and  showed  an 
uniform  measurement  from  each  to  the  cir- 
cumference of  the  oval.  The  Eildon  Hills 
lie  to  the  north  of  this  monument,  and  by 
the  side  of  the  post  nearest  in  their 
direction,  and  a  foot  under  the  pavement, 
was  found  an  inverted  British  urn,  about 
10  in.  high,  filled  with  burnt  human  bones 
and  charcoal,  and  the  mouth  resting  on  the 
natural  rock.  At  the  exactly  opposite  one 
was  found  a  small  whorl,  or  it  might  be  an 
amulet,  as  the  perforation  in  the  centre  was 
small.  Nothing  else  was  found  here  ;  but 
it  would  seem  that  this  was  a  burial  beneath 
the  domestic  hearth,  or  at  least  within  the 
extent  of  the  house  covering.  There  was 
an  assimilation  in  the  arrangement  of  the 
outer  stones  to  dwellings  still  seen  in  the 
most  northern  of  the  Hebrides  ;  and  it  ap- 
peared to  the  author  that  the  oaken  posts 
would  have  formed  the  ribs,  or  rafters,  on 
which  a  thatch  would  have  been  fixed, 
the  distance  across,  between  the  posts, 
being  about  20  ft.  Similar  buildings  are 
referred  to  by  Professor  Wilson,  in  his 
"  Prehistoric  Annals  of  Scotland,"  as  being 
found  near  Loch  Etive,  in  Argyllshire  ; 
but  it  does  not  appear  that  these  were 
searched  below  the  circular  paved  floor 
for  sepulchral  or  other  relics,  though  the 
remains  of  the  oaken  stakes  were  discov- 
ered. Of  the  class  of  monuments  which 
seemed  to  be  ceremonial,  Mr.  Phene  de- 
scribed a  monument  of  remarkable  dimen- 
sions and  design,  on  the  Duke  of  Argyll's 
estate  near  Inverary.  The  major  portion  of 
this  great  monument  had  been  covered 
with  a  tumulus,  the  earth  forming  which 
still  remained  in  large  quantities  where  the 
heavy  but  disturbed  stonework  once  form- 
ing the  covering  of  the  chambers  lay  strewn 
about,  though  that  more  readily  reached 
had  been  spread  on  the  rather  thin  soil  of 
an  arable  field  in  which  the  monument 
stands.  The  great  entrance  was  obviously 
external,  from  the  pent-house  form  of  the 
large  granite  slab  over  the  northern  cham- 
ber, the  section  of  which  is  almost  in  exact 
agreement  with  that  of  the  large  terminal 
stone  at  the  south  end  of  the  tumulus.     The 
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author  said  he  called  this  the  great  en- 
trance, as  it  had  in  front  of  it  a  much  nar- 
rower chamber  or  doorway,  against  which 
was  rolled  a  huge  rounded  stone.  The 
width  of  this  entrance  approximated  to 
several  openings  found  in  the  obstructing 
stone  work,  which  had  divided  the  great 
way  into  a  series  of  chambers,  one  of  which 
obstructions  separated  the  first  and  second 
chambers,  situated  at  the  northern  end  of 
the  tumulus.  At  the  south  end  of  this  se- 
cond chamber  there  certainly  appears  to 
have  been  a  permanent  barrier,  but,  on 
excavating  down  to  the  foundations,  the 
author  saw  reason  to  believe  that  this  had  | 
either  merely  covered  a  secret  mode  of 
transit,  or  that  some  alteration  had  taken 
place  at  the  time  of  the  central  and  adjoin- 
ing chamber  having  been  broken  up,  as  it 
evidently  had  been,  probably  by  treasure- 
searchers.  This  central  chamber  was  simi- 
larly secured  by  a  solid  barrier  at  the  south 


end,  though  no  doubt  there  was  here  also  a 
concealed  channel  of  communication,  which, 
not  having  been  discovered  by  the  treasure- 
seekers,  was  probably  the  cause  of  the  de- 
struction of  the  side  walls  of  this  chamber, 
the  east  and  west  walls  of  it  being  only 
traceable  by  the  slabs  which  had  formed 
them  lying  near  at  hand  ;  and  as  amongst 
these  stones  were  others  which  were  some- 
what thin,  as  compared  with  those  agreeing 
with  the  lateral  stones  still  in  position,  these 
thinner  slabs  may  have  formed  a  domed 
roof  to  this  chamber,  as  the  position  is  that 
in  which  we  find  the  central  and  domed 
chamber  in  the  three-chambered  tumulus, 
opened  the  same  year  by  Dr.  R.  Angus 
Smith,  in  the  same  county,  and  which  is 
also  the  position  of  the  domed  chambers  at 
Lough  Crew,  and  in  the  Boyne  tumuli.  In 
conclusion,  Mr.  Phene  glanced  at  the  his- 
torical evidence  in  favor  of  sacrificial  worr 
ship  in  Britain. 


MULLER'S  ROPE  RAILWAY.* 

From  the  "  Mining  Journal." 


The  late  enormous  demand  for  minerals 
for  iron-making  has  caused  active  search  to 
be  made  in  districts  hitherto  unexplored, 
and  in  many  cases  valuable  discoveries  have 
been  rendered  nugatory  by  the  heavy  cost 
incurred  in  carting  the  material  to  the  near- 
est railway  or  shipping  port.  Ireland,  Wales, 
Cornwall,  and  many  parts  of  Scotland  have 
many  valuable  districts  lying  unworked  for 
want  of  a  system  of  this  kind,  and  I  trust  the 
adoption  of  this  patent  will  be  the  means  of 
developing  these  and  many  other  districts. 
The  use  of  a  rope  for  transporting  loads  ex- 
tends back  over  a  large  period  of  time,  and 
has  been  used  to  some  considerable  extent, 
but  in  a  very  primitive  manner,  in  Holland, 
India,  and  Italy.  At  the  present  time  there 
are  three  systems  in  use,  all  of  which  have 
been  practically  applied,  and  each  differing 
from  the  other  in  the  form  of  construction. 
The  first  and  most  primitive  of  these  systems 
consists  of  two  parallel  and  tightly-stretched 
ropes,  securely  anchored  at  each  end,  and 
each  rope  serving  as  a  single  line  of  rail- 
way ;  on  these  ropes  run  roller  frames,  or 
monkey  carriages,  the  tubs  being  fastened 
to   and  suspended   from    them.     To   these 


*  A  paper  read  before  the  Iron  and  Steel  Instute  by  Mr.H. 
M.  Morrison. 


carriages  are  fastened  a  light  rope,  running 
around  a  pulley  at  the  highest  end  of  the 
line,  the  loaded  car  descending  by  its  jown 
gravity  on  one  rope,  and  pulling  up  the 
empty  car  on  the  other ;  this  system  is  used 
to  some  extent  in  France,  and  in  some  cases 
the  ropes  are  stretched  across  a  clear  space, 
without  supports,  of  400  and  500  ft.  In 
the  year  1870  Mr.  Hackney  employed  this 
system  very  effectually  in  removing  the  soil 
from  the  excavation  at  the  extension  of  the 
Landore  Siemens'  Steel  Works.  In  th:'a 
case  the  span  was  165  ft.  ;  the  speed  run 
is  about  eight  miles  per  hour,  and  the  num- 
ber of  wagons  sent  across  daily  being  about 
300,  each  carrying  from  10  to  12  cwt.  of 
soil.  The  second  system  is  known  as 
Hodgson's,  and  consists  of  an  endless  rope, 
running  on  rollers,  and  supported  at  inter- 
walls  by  iron  or  wood  posts.  The  rope  is 
driven  by  a  motor  fixed  at  one  end  of  the 
line,  the  requisite  friction  for  moving  the 
rope  being  obtained  by  the  use  of  Fowler's 
clip  pulley.  At  intervals,  suspended  from 
the  rope,  are  specially  constructed  boxes,  so 
arranged  as  to  maintain  the  centre  of  gravity 
immediately  under  the  running  rope  ;  the 
full  boxes  pass  along  on  one  side  of  the  line, 
the  empty  ones  returning  on  the  other.  The 
third  system  is  Muller's  rope  traject,  which 
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is  the  subject  of  this  paper.    It  has  been  in- 
vented by  Mr.  Muller,  the  director  of  Sigl's 
extensive    engineering    works    at   Vienna. 
Rope  railways,  constructed  on  the  principle 
of  the  two  first  systems  mentioned,  require 
as  a  special  condition  that  the  material  to  be 
transported  shall  be  carried  in  boxes  or  tubs 
made  suitable  either   for  travelling  on  or 
being  fixed  to  the  ropes ;  this  forms  an  ex- 
pensive feature  in  the  arrangement,  looking 
at  the  time  occupied  in  loading  and  unload- 
ing, the  risk  of  breakage  (especially  in  coal), 
the  extra  cost  thus  incurred,  as  well  as  the 
cost  of  the  additional  carrying  plant  so  re- 
quired. In  Muller's  system  this  is  obviated, 
as  the  tubs  or  trams  in  use   at  the  coal  or 
ironstone  mine  can  be   so   arranged  as  to 
pass  direct  from  the  mine  on  to  the  ropes, 
and  so  pass  to  their  destination  without  any 
delay  or  extra  cost  in  unloading.     The  sys- 
tem is  also  admirably  adapted  to  act  as  a 
feeder,  or  as  a  means  of  communication  be- 
tween narrow-gauge    railways,  whose  ter- 
mini are  intercepted  by  precipices,  valleys, 
water,  etc.     The  simplicity,    cheapness,   as 
well  as  the  capability  of  rapid  construction 
of  this  tramway  render  it  especially  suitable 
for  mountain  purposes,   because  expensive 
bridges,  tunnels,  and  heavy  earthworks  are 
rendered  superfluous,   as  the  traject,  being 
able  to  overcome   an  ascent  of  one  in  six, 
can  pass  over  the  mountains  in  a  direct  line. 
Inundated  land  and  broad  lakes  can  also  be 
passed  over,   and  when  the  depth  of  the 
latter  prevents  the  fixing  of  supports  in  the 
bottom,  they  could  be  fastened  to  anchored 
flats,    with    spans  between  each  flat  of  at 
least  400  ft.     This  rope  tramway  can   be 
used  advantageously  for  factories  situate  at 
outlying  distances  from  the  railway  com- 
munication, to  transport  the  raw  and  finish- 
ed  materials  to  and   from   the   works,  as 
suitable   cars   of  any  description  could  be 
arranged  to  travel  on  the  rope.     No  system 
is   better   adapted   than   this   for  carrying 
beet-root,  sugar,  coffee,   rice,  or  any  other 
kind   of  plantation    produce.      Upon    the 
upper  ropes  of  this  tramway  trees  of  any 
length  can  be  carried  by  placing  them  upon 
notched   cross-beams,     which    drop    down 
upon  the  ramparts  after  having  passed  over 
the  end  pulleys,  and  the  timber  remains  in  a 
secure  position,  or  suitable  carriages  can  be 
arranged    to    receive    them;    the    carrying 
cross-beams  may  be  returned  on  the  bottom 
line  of  ropes.     Light  cord  lines  constructed 
on  this  system  may  be  applied  to  carrying 
letters  and  parcels  at  a  speed  averaging  10 


miles  per  hour.     The  traject  may  also  be 
used  as  a  passenger  line,  and  its  safety  has 
already  been  proved  in  actual  practice.     In 
1870,  shortly  after  the   completion   of  the 
patent,    Mr.    Sigl  erected  a    short   line  at 
Vienna,    running   from   his    works   to  the 
village   of  Wohring ;    this    tramway   was 
carried  over  the  fortifications,  houses,  etc.,  and 
was  used  for  the  transporting  of  heavy  cast- 
ings, bulks  of  timber,  and  general  plant  re- 
quired in  the  erection  of  a  large  mill.     It 
was  used  daily  by  the  workmen  as  a  pas- 
senger line,   and  without  the  slightest  acci- 
dent.    The  number  of  cars  passed  over  it 
was  about  60  per  hour,   each  carrying  8  to 
14  cwt.     It  was  critically  examined  by  the 
leading  engineers  of  Vienna,  and  pronounc- 
ed a  great  success.     A  short  line,  similarly 
constructed,  is  now  in  use  at  Schaffhausen, 
in  Switzerland ;  it  crosses  the  Rhine  at  the 
Falls  and  has  a  span  of  about  400  ft.     It  is 
used  for  carrying  the  workmen  connected 
with  the  rope  transmission  of  the  Wasser- 
werk  Gesselschaft.     Mr.   Scott  and  myself 
crossed  the  river  in  the  car  a  few  weeks  ago, 
and  can  bear  testimony  to  its  general  effi- 
ciency.   "We  are  at  the  present  time  making 
arrangements  to  bring  this  tramway  into 
use  as  part  of  the  material  of  an  invading 
army  for  the  purpose  of  carrying  provisions 
and  army  material  to  and  from  the  camp  to 
the  nearest  railway  or  water  communication. 
The  various  uses  to  -which  this  traject  can 
be  applied  are  so  numerous  that  I  should 
be  trespassing  too  much  on  your  time  to 
name  them  all  in  this  paper.     I  will,  there- 
fore,   now  proceed    to  explain   the  model 
and  plans,   which  will  be  printed  and  ac- 
company this  description.     In  all  cases  the 
cars   are   carried   on   two   parallel  endless 
ropes,  passing  at  the  terminal  points  over 
large  driving  pulleys,  and  being  supported 
and  guided  at  certain  distances  by  smaller 
pulleys.      The  distance  and  application  of 
these  pulleys  depend  upon  the  nature  of  the 
ground,  as  well  as  the  weight  to  be  carried, 
and  in  many  instances  the  expense  of  the 
wood  or  iron  carrying  posts  can  be  avoided 
by  taking  advantage  of  trees  or  rocks  which 
may  lie  in  the  line  of  route.     The  motor, 
which   may   be  a  steam-engine   or   water- 
wheel,   only  acts   at  one  end.     The  large 
pulleys  at  the  driving  end  are  both  keyed 
on  to  one  shaft,   and  are  set  in  motion  by 
the  motor,  and  at  the  return  end  the  large 
pulleys    are    separately   bedded,    and    run 
independent  of  each  other,  each  having  a 
tightening  apparatus,  so  as  to  prevent  ai  y 
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unequal  stretching  of  the  ropes.  The  ropes 
themselves  transfer  the  motion  to  the  smal- 
ler pulleys.  Any  load  to  be  transported, 
consisting  either  of  vehicles,  basket  cars, 
and  timber,  is  made  to  rest  upon  the  ropes, 
with  four  claws,  or  notches,  in  order  to  pre- 
vent oscillation  of  the  object  conveyed,  and 
allowing  it  only  to  follow  the  movement  of 
the  ropes  when  passing  over  the  rollers ; 
and  while  two  of  the  claws  simultaneously 
set  free  the  ropes,  the  two  other  claws  keep 
the  load  upon  the  ropes  by  friction.  The 
large  driving  and  returning  pulleys  are  lined 
with  wood  so  as  to  increase  the  grip  of  the 
ropes  and  avoid  the  wear  consequent  upon 
the  ropes  being  drawn  on  iron  beds.  The 
system  of  disengaging  claws  attached  to  the 
tubs,  and  first  used,  was  complicated  and 
expensive,  and,  although  retained  as  part  of 
the  patent,  have  now  been  superseded.  The 
vehicles  are  now  fitted  with  claw  bars,  or 
the  claws  are  so  arranged  as  to  fall  level 
with  the  sides  of  the  tubs  when  not  resting 
on  the  ropes.  There  is  an  elevation  and 
plan  of  wire  tramway  representing  any 
length  from  1  to  10  miles.  Two  large  pul- 
leys near  to  and  driven  by  the  motor  are 
fixed  on  a  neutral  shaft,  the  two  opposite 
being  bedded  on  separate  shafts,  and  having 
a  tightening  apparatus,  and  one  of  new  and 
improved  form  has  newly  been  added  to  the 
patent..  Wooden  ramparts  are  provided, 
which  serve  to  bring  the  cars  from  the  lower 
to  the  upper  ropes,  and  vice  versa.  The 
upper  is  called  the  track  line,  and  consists 
of  an  inclined  plane  on  which  the  rails  are 
laid.  The  lower  line  is  deviated  at  that  end 
of  the  traject  when  the  vehicles  arrive  at 
the  lower  ropes.  This  line  of  rails  is  hori- 
zontal, beginning  under  and  between  the 
nearest  grinding  rollers,  so  that  it  may  re- 
ceive the  vehicles  running  off  from  the  ropes 
and  carry  them  over  the  rope  and  sideways 
clear  of  the  large  pulleys  to  the  travelling 
platform.  Natural  local  circumstances  will 
always  decide  whether  a  sliding  platform, 
turn-table,  or  switch  is  most  suitable  for 
connecting  the  line  of  rails.  At  the  other 
end  the  traject  is  similarly  arranged,  and 
has  a  slight  fall  toward  the  first  carrying 
rollers,  so  that  the  cars  pushed  off  the  slid- 
ing platform  run  on  to  the  ropes  of  their 
own  account.  The  coupled  trajects  are  both 
worked  by  one  motor,  and  can  be  under- 
stood without  further  explanation.  An  ar- 
rangement of  this  kind  is  most  suitable  for 
long  lines,  because  by  dividing  it  into  sec- 
tions the  weight  of  and  strain  on  the  ropes 


are  very  considerably  diminished.  It  also 
enables  the  line  to  be  carried  around  a  very 
sharp  curve,  as  the  shafts  of  the  driving 
puleys  may  be  so  bedded  that  the  rope 
way  at  this  point  forms  an  obtuse  angle.  It 
is  scarcely  necessary  to  mention  that  all 
carriages,  tubs,  or  vehicles  of  any  kind  can 
pass  the  junction  without  stopping,  or  with- 
out manual  help  of  any  kind,  this  being 
effected  on  the  upper  line  of  ropes  by  the 
momentum  of  the  running  vehicle,  and  on  the 
lower  line  by  giving  the  junction  rails  the 
necessary  inclination.  As  large  cars,  weigh- 
ing over  5  cwt.  when  unloaded,  are  difficult 
to  push  up  the  ramparts,  the  inventor  has 
designed  an  arrangement  which  obviates 
the  necessity  of  the  inclined  planes  :  he  lets 
the  loaded  and  unloaded  cars  run  along  a 
horizontal  track  of  rails  at  the  ends  of  the 
traject.  In  this  case  the  driving  pulleys 
are  placed  nearly  horizontal  under  the  scaf- 
folding, which  supports  the  rails  and  the 
first  guiding  pulleys.  It  is  so  arranged  that 
both  the  ropes  run  parallel,  and  next  to 
each  other  in  one  direction,  and  those  com- 
ing from  the  return  end  of  the  traject  are 
placed  on  the  same  level  at  the  side  of  each 
other,  and  not  above  each  other,  as  in  the 
constructions  previously  described.  It  is 
not  necessary  that  these  terminal  stations 
shall  be  on  the  same  plane ;  but,  according 
to  the  requirements  of  the  position,  any  in- 
clination may  be  given  to  the  ropes  up  to 
one  in  six,  which  may  be  worked  with  per- 
fect ease.  As  most  engineers  and  manu- 
facturers taking  an  interest  in  this  invention 
will  be  desirous  of  ascertaining  the  cost  per 
mile,  it  is  necessary  in  giving  an  estimate 
to  have  a  proper  section  of  the  ground  to  be 
traversed,  weight,  and  quantity  to  be  carried, 
height  of  the  various  scaffoldings  required, 
and  number  of  the  same,  as  the  ironwork 
and  erection  of  these  latter,  if  used  fre- 
quently, play  an  important  feature  in  the 
cost  of  erection.  The  difference  between 
the  use  of  steel  wire-ropes  and  iron  wire- 
ropes  tends  also  to  a  material  difference  in 
first  cost,  but  taking  fair  average  conditiors 
of  erecting  one  English  mile,  inclusive  of  a 
first-class  12-horse  power  portable  engine, 
but  exclusive  of  the  erection  of  the  ramparts, 
about  £1,000  may  be  taken  as  fair  average, 
according  to  present  prices  of  material 
and  labor.  The  wire  ropes  are  four  times 
as  long  as  the  whole  traject,  and  must  be  of 
the  best  material  and  workmanship,  and 
most  carefully  laid.  Steel  wire-rope  is 
strongly    recommended     as     being    better 


ADMIRAL  PORTER'S  TORPEDO  BOAT. 


121 


adapted  to  withstand  wear  and  tear,  conse- 
quent upon  the  necessary  friction.  As  a 
general  rule,  the  supporting  posts  may  be 
placed  300  ft.  apart,  and  with  steel  ropes 
|  in.  in  diameter  a  load  of  10  cwt.  may  be 
carried  between  each  support,  exclusive  of 
the  empty  vehicle  on  the  top  ropes,  and 
allowing  30  seconds  for  clearing  each  space, 
the  traject  would  forward  50  tons  per  hour, 
or  by  increasing  the  size  of  the  ropes,  and 
power  of  the  engine,  a  total  quantity  of  100 
tons  per  hour  can  be  obtained.  The  driving 
pulleys  average  from  8  to  10  ft.  diameter, 


and  are  lined  with  willow  wood.  The  inside 
guiding-rollers  average  from  18  to  30  in. 
diameter.  The  upright  posts  for  supports 
average  from  8  to  10  in.  square  ;  ordinary 
Swedish  or  Memel  timber  may  be  used. 

The  President  observed  that  every  iron- 
master knew  the  cost  of  transport,  and  the 
large  proportion  which  it  bore  to  the  cost  of 
iron,  and  as  the  object  of  the  arrangement 
which  had  been  described  was  to  lessen  that 
cost,  he  was  sure  the  meeting  would  ac- 
cord the  author  of  the  paper  their  hearty 
thanks. 


ADMIEAL  POETEE'S  TOEPEDO  BOAT. 


From  "  The  Nautical  Gazette. 


We  promised  last  week  a  description  of 
this  new  and  formidable  machine,  the  in- 
vention of  Admiral  Porter.  This  engine  of 
destruction  is  composed  of  a  series  of  water- 
tight compartments,  which  can  be  flooded 
or  emptied  at  pleasure,  so  that  the  vessel 
can  be  made  to  sink  under  water  until,  if 
necessary,  only  a  foot  remains  above  the 
surface.  In  action  nothing  can  be  seen 
above  the  deck's  but  an  iron-plated  pilot- 
house, a  smoke-stack,  and  grated  hatch- 
ways. The  pilot-house,  however,  need  not 
be  occupied  on  such  occasions,  as  the  vessel 
could  be  steered  from  the  engine-room  be- 
low. She  will  be  fitted  up  with  three  masts, 
constructed  so  as  to  disappear  during  an  en- 
gagement; but,  if  found  necessary,  they 
can  be  run  up  and  sail  put  on  at  a  moment's 
notice.  The  sailing  facilities  can  be  avail- 
able when  the  vessel  is  not  in  action. 

"When  out  of  water  the  boat  is  shaped 
somewhat  like  a  shark,  the  nose  or  ram 
tapering  off  from  the  bow,  and  projecting  a 
distance  of  40  ft.  At  the  extreme  point  of 
this  ram  is  situated  the  torpedo  bar  and 
valve,  from  which  the  deadly  missiles  can 
be  discharged  by  electricity  with  terrible 
effect.  The  projection  of  torpedoes,  how- 
ever, is  not  confined  to  the  forward  part  of 
the  boat ;  she  is  so  constructed  that  torpedo 
bars  run  along  at  both  sides,  so  that  if  lying 
with  either  side  toward  the  enemy  it  will  be 
only  necessary  to  apply  the  electric  current 
and  torpedoes  can  be  projected  with  ease. 
When  afloat  only  about  4  ft.  of  the  vessel 
appears  over  water,  and  in  shape,  she  looks 
perfectly  oval. 

The  extreme  length  of  the  boat  is  173 
ft. ;  breadth  of  beam,  28  ft.,  and  depth,  13 


ft.  The  best  tested  charcoal  iron  is  being 
used  in  her  construction.  The  thickness  of 
the  plating  for  the  sides  has  not  yet  been 
decided  ;  that  on  the  hull  ranges  from  three- 
eighths  to  half  an  inch,  according  to  the 
general  rules  for  constructing  iron  vessels. 
The  decks  are  of  plated  steel,  from  five- 
sixteenths  to  half  an  inch  in  thickness, 
which,  it  is  thought,  will  add  to  the  strength 
of  the  boat.  The  decks  are  arched  much 
higher  than  usual,  thus  giving  to  the  middle 
of  the  vessel  a  height  greater  than  would 
appear. 

The  new  boat  is  built  on  what  is  known 
as  the  English  bracket  principle,  intro- 
duced for  the  first  time  into  American  ship- 
building. The  peculiarity  about  ships  con- 
structed on  this  priciple  is  that  they  are 
virtually  two  distinct  vessels,  built  one 
within  the  other,  and  of  equal  strength. 
Within  the  outside  shell,  three  longitudi- 
nals of  immense  strength  run  the  entire 
length  of  the  vessels,  and  are  connected 
with  bars  running  in  a  horizontal  direction 
by  brackets  of  equal  length.  The  whole  is 
then  covered  with  an  iron  plating  of  an 
equal  thickness  with  the  outer  one,  forming 
a  distinct  and  perfectly  water-tight  bottom 
and  sides,  the  different  sections  of  which 
can  be  entered  by  man-hole.  A  passage 
sufficiently  large  to  allow  a  man  to  walk  in 
is  left  open  between  the  outer  and  inner 
vessels,  as  they  may  be  called,  from  stem 
to  stern,  so  that  should  any  accident  occur 
to  the  outer  plating  it  could  be  remedied 
from  the  inside.  The  advocates  of  the 
bracket  principle  claim  that  even  should 
the  exterior  plating  of  a  boat  get  damaged, 
and   the  water  rush  in,  the  vessel  would 
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still  be  safe,  owing  to  the  water-tight 
plating  constructed  within. 

The  boat  being  designed  solely  as  an 
engine  of  destruction,  will  not  carry  a 
larger  crew  than  will  be  sufficient  to  work 
her,  and  during  action  they  will  remain 
below. 

The  Fowler  wheel,  a  new  propeller,  will 
be  introduced  into  the  vessel.  It  has 
never  yet  been  brought  into  use  in  the 
United  Sates  Navy.  This  propeller  enables 
the  vessel  to  be  steered  and  propelled  by 
the  same  wheel.  It  works  on  the  eccentric 
principle,  and  allows  the  pitch  of  the  blade 
to  be  altered  at  pleasure,  so  that,  if  neces- 
sary, a  rudder  could  be  dispensed  with 
altogether.  To  provide  against  accident, 
however,  a  rudder  will  always  be  kept  on 
hand. 

The  vessel  will  be  supplied  throughout 
with  an  improved  electric  apparatus,  by 
which  connection  will  be  maintained  be- 
tween the  engine  and  torpedo-rooms,  pilot- 
house, and  other  portions  of  the  ship. 

Machinery  of  extraordinary  power,  and 
on  the  most  approved  principles,  will  be  fur- 
nished the  boat,  and  she  will  be  capable  of 
attaining  as  great  a  rate  of  speed  when 
going  in  a  backward  as  in  a.  forward  direc- 
tion. The  shock  which  a  ram  of  this 
description,    driven    by   powerful   engines, 


could  give  to  a  hostile  vessel  would  be  some- 
thing terrific.  The  great  length  of  ram 
concealed  under  water  would  also  enable 
her  to  strike  when  she,  to  all  appearances, 
seemed  to  be  40  ft.  distant  from  the  object 
of  attack. 

The  exact  principle  on  which  the  tor- 
pedoes are  to  be  discharged  is  kept  a  secret 
by  the  constructors,  at  the  request  of  Admi- 
ral Porter,  who  does  not  wish  his  invention 
to  become  known  to  natives  of  other  coun- 
tries. Numbers  of  gentlemen  connected 
with  naval  construction  in  European  coun- 
tries have  visited  the  Navy  Yard  and  en- 
deavored to  get  some  idea  of  the  con- 
struction of  the  new  torpedo  boat,  but 
have  been  met  by  the  officials  with  a  polite 
refusal. 

To  guard  against  any  possible  leaking 
out  of  the  secrets  involved  in  the  construc- 
tion of  this  boat,  the  men  engaged  on  it  can 
form  no  idea  of  the  whole,  as  they  are  given 
work  piecemeal. 

From  all  that  can  be  learned,  however, 
concerning  this  new  engine  of  destruction, 
it  is  fair  to  infer  that  Admiral  Porter  will 
have  given  to  the  American  Navy  the  most 
powerful  and  destructive  weapon  ever  in- 
vented. It  is  being  pushed  rapidly  forward 
to  completion,  and  will  probably  be  ready 
for  launching  in  the  latter  part  of  July. 
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From  "Iron." 


The  glamor  of  romance  still  clings  to  the 
East.  Even  the  keen,  money-loving,  prac- 
tical Frank  is  unable  to  resist  Oriental  influ- 
ences, and  when  brought  face  to  face  with 
the  principalities  and  powers  of  the  East. 
conceives  enterprises  of  pyramidal  gran- 
deur. Englishmen  were  startled  to  hear,  the 
other  day,  that  the  Shah  of  Persia  had 
made  what  is  euphemistically  termed  a  con- 
cession to  Baron  Beuter — the  said  conces- 
sion giving  power  to  the  fortunate  holder  to 
"run"  the  entire  Persian  Empire  for  his 
own  especial  benefit,  subject,  of  course,  to  a 
certain  percentage  payable  to  the  Shah. 
In  this  nineteenth  century  of  ours,  people 
are  accustomed  to  "  big  things."  Stupen- 
dous contracts  are  quickly  made,  and  punc- 
tually performed,  but  the  idea  of  managing 
an  Oriental  empire — finance,  roads,  crops, 
mines,  earth,  air,  and  water,  "  stock,  lock, 
and  barrel " — by  contract,  is  certainly  new, 


and  reflects  the  greatest  credit  both  on  the 
cpurage  and  the  originality  of  the  high  con- 
tracting parties. 

Hardly  have  we  recovered  from  the 
shock  occasioned  by  the  Persian  concession, 
when  another  great  enterprise  springs  into 
life  at  the  bidding  of  M.  Ferdinand  de  Les- 
seps,  a  gentleman  whose  career  has  proved 
that  he  has  not  only  the  daring  imagina- 
tion necossary  to  the  conception  of  a  great 
scheme,  but  the  steady  persistence  so  indis- 
pensable in  bringing  happy  ideas  to  frui- 
tion. It  must  never  be  forgotten  that,  in 
the  case  of  the  Suez  Canal,  M.  de  Lesseps 
was  right,  and  the  English  opponents  of  the 
scheme  steadily  and  obstinately  wrong. 

Through  good  and  evil  report  M.  de  Les- 
seps adhered  to  his  grand  design,  and  has 
had  the  satisfaction  of  beholding  its  suc- 
cess. We  would  therefore  wish  to  speak 
respectfully  of  any  plan  due  to  the  fertile 
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brain  of  him  who  made  Africa  into  an  island, 
but  at  the  same  we  cannot  refrain  from  ex- 
pressing some  astonishment — not  at  the 
vastness  of  the  scheme — but  at  the  cosmo- 
politan objects  proposed  to  be  attained  by 
the  Central  Asiatic  Railway  from  Orenburg 
to  Samarcand,  Bokhara,  and  Peshawur, 
completing  the  line  of  railway  from  Calais 
to  Calcutta. 

With  touching  confidence  in  mankind, 
the  distinguished  Frenchman  assumes  that 
an  unbroken  iron  road,  7,500  miles  long, 
passing  through  the  territories  of  the  Czar, 
to  British  India,  will  at  once  do  away  with 
all  heartburning  on  the  Central  Asia  ques- 
tion, and  that — if  not  the  lion  and  the  lamb 
— at  any  rate  the  lion  and  the  bear  may  in- 
dulge in  friendly  hug  on  the  snowy  summit 
of  the  Hindoo  Koosh. 

So  far  as  the  1,500  miles  of  railway  from 
Orenburg  to  Samarcand  are  concerned,  the 
project  touches  Eussia  alone ;    and   as,  in 
the   pursuance   of    her   ambitious   designs 
upon  Central  A  sia,  such  a  railway  would  be 
of  great  utility — to  Russia,  be  it  well  under- 
stood—there is  little  doubt  that,  for  Impe- 
rial  and   strategical   reasons,  the  line  will 
sooner  or  later  be  constructed   by  Russia 
herself.     There  can  be  no  possible  objection 
to  such  an  arrangement ;    and  if  Eussia  in 
her  benevolence  should  feel  inclined  to  ex- 
tend, at   her   own  expense,  the  benefits  of 
railway  communication    to   semi-barbarous 
and  not-yet-annexed   States,  such  as  Bok- 
hara, no  nation  possesses  the   shadow  of  a 
right  to  say  her  nay ;   but  it  is  futile  to  at- 
tempt to  represent  the  scheme  as  one  likely 
to   enlist   the    sympathies  of  Englishmen. 
That  the  States  existing  between  Bokhara 
and  Peshawur  are  independent,  would  prob- 
ably appear  but  a  slight  objection  to  the 
Russians,  who  are  certain — if  allowed  to 
pursue  their  career  of  conquest  unchecked 
— to  push  their  successes  to  the  foot  of  the 
great  mountain  barrier  which  divides  India 
from  Turkestan.     Putting  aside  the  tremen- 
dous engineering  difficulties  which  would 
be  encountered  in  driving  a  line  from  Bok- 
hara through  the  massive  buttresses  of  the 
Hindoo   Koosh  to  Peshawur,  we  conceive 
that  a  trans-Russian  route  to  India  is  that 
of  all  others  least  likely  to  commend  itself 
to  the  English  mind.     The  only  enemy — 
worthy  of  the   name — with  whom  we   are 
likely  to  come  into  collision  in  Asia  is  Rus- 
sia ;    and  it  is,  therefore,  of  the  last  impor- 
tance that  the  high  road  to  our  Indian  pos- 
sessions should  be  carried  through  the  do- 


mains of  any  other  potentate   rather   than 
through  those  of  the  Czar. 

It  would  be  vain  to  deny  that  grave  ob- 
jections may  be  urged  against  all  the  rail- 
way routes  to  India  hitherto  proposed.  In 
"  piping  times  of  peace "  the  Euphrates 
Valley  line,  continued  along  the  shore  of  the 
Persian  Gulf  and  the  coast  of  Beloocbistan 
to  Kurrachee,  clearly  offers  more  attrac- 
tions than  the  roundabout  route  through 
Cracow,  Orenburg,  and  Peshawur,  espe- 
cially when  it  is  considered  that  more  fa- 
vorable arrangements  as  to  customs  could 
be  made  with  the  Persian  than  with  the 
Russian  Government.  But  again  a  dilem- 
ma presents  itself. 

Railways  can  only  be  built  with  two  ob- 
jects. One  of  these  is  to  pay  a  dividend  in 
time  of  peace,  the  other  is  to  serve  as  mili- 
tary roads  in  time  of  war.  We  submit 
that  neither  the  Orenburg  nor  the  Euphra- 
tes Yalley  lines  will  fulfil  either  of  these 
requirements.  The  countries  to  be  tra- 
versed by  them  are  poor  and  sparsely  pop- 
ulated ;  therefore  the  lines,  commercially 
considered,  would  be  failures.  During  war 
the  high  road  to  India  would  be  in  the 
hands  of  independent  and  possibly  hostile 
States.  It  is  difficult  to  see  how  the  con- 
struction of  either  or  both  of  the  projected 
lines  could  serve  England  either  commer- 
cially or  strategically. 

Travelling  farther  eastward,  we  encoun- 
ter an  important  but  purely  commercial 
problem.  This  is  the  opening  of  a  new 
route  to  Western  China,  with  the  object  of 
bringing  the  inhabitants  of  Yunnan  and 
Szechuen  into  communication  with  the  West- 
ern world.  .  The  mineral  wealth  of  West- 
ern China  is  almost  incalculable,  but  inex- 
haustible supplies  of  coal  and  iron  are  ren- 
dered useless  by  the  absence  of  practicable 
roads. 

So  long  ago  as  1856,  it  occurred  to  the 
Governor  of  Saigon  that  the  trade  of  Yun- 
nan might  be  advantageously  diverted 
through  the  French  possessions  in  Cochin- 
China,  and  an  expedition  was  organized  to 
explore  the  upper  course  of  the  great  river 
Me  Kong.  Conducted  with  great  courage 
and  skill,  this  enterprise  laid  bare  the  dis- 
heartening truth  that  the  rapids  and  catar- 
acts of  Khong  interpose  an  insurmountable 
obstacle  to  the  navigation  of  what  would 
otherwise  prove  one  of  Nature's  most  mag- 
nificent highways. 

While  the  French  were  busily  exploring 
the   Me  Kong,  our   own  countrymen  were 
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directing  their  attention  to  the  Irrawaddy, 
with  the  object  of  bringing  Chinese  traffic 
through  British  Burmah  to  Rangoon.  Va- 
rious lines  of  railway  have  been  proposed, 
and  it  is  by  no  means  improbable  that  one 
of  these  may  present  sufficient  attractions  to 
the  English  and  Burmese  Governments  to 
secure  its  adoption.  When  a  line  of  rail- 
way is  once  brought  up  to  his  very  doors, 
there  is  little  doubt  that  the  patient,  indus- 
trious, and  imitative  Chinaman  will  not 
be  slow  to  recognize  the  merit  of  the  new 
road. 

A  single  glance  at  the  map  will  show 
the  great  advantage  of  the  Burmese  route 
to  Rangoon  over  the  ancient  course  of  trade 
through  Canton  or  Foochow  and  the  Straits. 
Another  opening  will  be  made  for  the  intro- 
duction of  English  goods  into  the  interior 


of  Asia  and  the  initiation  of  a  traffic  of  im- 
mense magnitude.  It  is  late  in  the  day  to 
compete  against  Russia  for  the  trade  of 
Central  Asia.  Not  only  has  she,  by  the 
imposition  of  prohibitive  duties,  closed  her 
conquered  provinces  against  all  goods  but 
those  supplied  by  herself,  but  has,  in  addi- 
tion, imposed  a  system  of  differential  du- 
ties upon  those  States  which  have  not  yet 
exchanged  the  name  of  ally  for  that  of  vas- 
sal. By  constantly  pushing  her  protective 
tariff  in  advance  of  her  own  movements, 
Russia  has  succeeded  in  gradually  elbowing 
the  British  trader  out  of  Turkestan,  Kash- 
gar,  and  Bokhara.  It  only  remains  for  him 
to  vindicate  his  vitality  by  pushing  farther 
eastward  and  developing  a  new  trade  with 
the  teeming  population  of  the  Celestial  Em- 
pire. 


STEEET  LIGHTING.— THE  USE  OF  LENSES  AND  EEFLECTORS. 

By  T.  A.  SKELT0X. 
From  "Journal  of  the  Society  of  Arts." 


The  subject  of  artificial  illumination  has 
for  many  years  engaged  a  large  share  of 
scientific  attention,  but  perhaps  public 
notice  has  never  been  more  forcibly  drawn 
to  its  consideration  than  at  the  present 
time. 

The  increase  in  the  price  of  coal,  and  in 
cost  of  labor,  has  resulted  in  a  general  ad- 
vance in  the  price  of  gas.  This  circum- 
stance has  favored  or  necessitated  the  in- 
troduction of  improvements  in  the  manufac- 
ture of  ordinary  gas,  and  has  encouraged 
the  promotion  of  inventions  for  the  produc- 
tion of  illuminating  gas  from  other  materi- 
als than  coal,  and  it  has  also  brought  into 
prominent  notice  other  means  of  obtaining 
artificial  light. 

These   questions   will    probably    attract 
even  yet  more  attention  during  the  present ! 
year;  and    as   "Artificial   Illumination  by  j 
all  Methods,  Gas  and  its  Manufacture,"  is  | 
to  form  one  of  the  chief  subjects  of  the  Lon- 
don International   Exhibition   in    1874,  it 
may  be  anticipated  that  the  public,  as  well 
as  those  more  immediately  concerned  in  the 
details  of  these  questions,  will  look  to  that 
Exhibition,  not  only  for  a  full  and  com- 
plete representation  of  the  subject,  and  for 
a  comparison  of  the  rival  methods  for  the 
production  of  artificial  light,  but  also  for  an 
illustration  of  the  means  of  using  it  with 
the  greatest  economy  and  effect. 


It  is  with  the  utilization  of  artificial  light 
that  I  have  the  honor  to  engage  your  at- 
tention this  evening,  and  I  shall  first  beg 
leave  to  impress  upon  your  minds  the  fact, 
that  however  successful  the  attempts  to  im- 
prove the  methods  of  the  production  of 
such  light  may  be,  either  in  increasing  its 
intensity  or  in  diminishing  its  cost,  the 
scientific  application  of  lenses  and  reflec- 
tors will  still  be  for  some  purposes  abso- 
lutely necessary,  and  for  many  others  will 
give  valuable  aid  to  artificial  light  by  yet 
further  increasing  its  fighting  power,  by 
controlling  its  direction,  or  by  reducing  the 
quantity  of  light  necessary  to  produce  a 
required  effect  of  illumination. 

The  optical  principles  upon  which  the 
action  of  lenses  and  reflectors  depend  are  so 
generally*  well  known,  and  were,  in  the  first 
series  of  "  Cantor  "  lectures  in  the  present 
session  of  this  Society's  proceedings,  so 
minutely  explained,  that  I  need  only  very 
briefly  refer  to  them  on  this  occasion. 

Firstly,  you  are  aware  that  light,  meet- 
ing with  a  reflecting  surface,  is  deflected 
from  it  at  an  angle  equal  to  the  angle  of  in- 
cidence. 

Secondly,  that  a  prism  of  glass  may  be 
employed  as  a  reflector  by  using  the  internal 
and  total  reflection  from  what  we  may  term 
the  interior  of  one  of  its  sides. 

And,  thirdly,  that  light  passing  through 
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a  transparent  body,  such  as  a  lens,  will  be 
refracted  from  its  original  course  into  a 
new  direction,  dependent  upon  the  refrac- 
tive power  of  the  material,  and  the  angles 
of  its  surfaces  in  relation  to  the  course  of 
the  light. 

We  have  thus  two  practical  means  by 
which  to  control  the  direction  of  course  of 
light:  reflection,  by  the  use  of  catoptric 
reflectors  or  prisms  ;  and  refraction,  by  the 
use  of  a  dioptric  lens  ;  the  use  of  either  or 
both  in  combination  will  depend  upon  the 
use  to  which  the  light  is  intended  to  be  ap- 
plied— or  rather,  in  fact,  upon  the  amount 
of  deflection  of  the  light  necessary  to  be 
produced. 

Artificial  illumination  for  useful  pur- 
poses may  be  broadly  classed  under  two 
heads.  First,  Signal  lights  ;  second,  Arti- 
ficial light  as  a  substitute  for  sunlight. 
Now,  although  it  is  my  intention  to  treat 
more  particularly  of  the  second  of  these  two 
divisions,  yet  as  the  application  of  lenses 
and  reflectors  has  hitherto  been  more  sci- 
entifically and  successfully  studied  in  rela- 
tion to  signal  lights,  and  such  application, 
after  parsing  through  years  of  practical  ex- 
periment and  use,  has  at  last,  in  the  mod- 
ern "  Catadioptric "  lighthouse  light, 
reached  a  completeness  that  may  be 
deemed  almost  if  not  absolute  [perfection, 
it  may  be  advantageous  to  sketch  out  brief- 
ly the  progress  of  science  and.  invention  in 
that  form  of  artificial  illumination,  as  a 
help  to  our  consideration  afterwards  of  the 
question  as  to  how  far  the  principles  and 
means  so  successful  in  regard  to  signals 
may  be  practically  applied  with  advan- 
tageous results  in  other  uses  of  artificial  il- 
lumination. 

In  its  simplest  form  a  signal  light  would 
be  represented  by  a  flame  radiating  its 
light  into  space  in  every  direction,  and  con- 
sequently diminishing  in  intensity  as  the 
square  ot  the  distance  increases ;"  such  in- 
deed was  the  feeble  characteristic  of  our 
lighthouses  or  beacons  up  to  the  beginning 
of  the  present  century. 

The  first  improvement  made  wa£  the  use 
of  a  parabolic  reflector  ;  this  form  of  reflec- 
tor, as  you  are  aware,  throws  forward  in 
parallel  lines  the  reflection  of  a  light  placed 
in  its  focus,  thus  concentrating  about  one- 
half  of  the  light  into  a  single  direction,  but 
entirely  obscuring  the  light  in  the  opposite 
direction,  so  that  if  a  fixed  light  was  re- 
quired to  be  visible  over  the  entire  radius 
of  the  horizon,  or  any  large  portion  of  it,  a 


number  of  lights  and  reflectors  would  be 
required. 

At  the  North  Foreland  Lighthouse,  a 
lens  was  placed  in  front  of  each  flame,  in 
addition  to  the  parabolic  reflector ;  but 
these  lenses,  which  had  cost  £50  each,  were 
found  to  be  useless  in  such  a  combination, 
and  were  removed  in  1835  ;  in  fact  it  is  im- 
possible to  obtain  any  advantage  by  the 
use  of  a  dioptric  lens  in  conjunction  with  a 
parabolic  reflector,  as  the  direct  rays  of 
light  impinge  upon  the  lens  at  a  different 
angle  to  that  of  the  reflected  rays,  and 
hence  one  or  the  other  must  be  dispersed 
beyond  the  required  direction. 

To  return  to  our  lighthouse  illustration, 
we  find  that  about  the  year  1822,  Fresnel 
introduced  in  France  the  method  of  con- 
centrating light  for  lighthouses  by  the 
method  of  refraction,  using' a  dioptric  lens 
of  a  novel  but  scientific  form.  The  great 
advantage  of  this  system  was  that,  by  dis- 
pensing with  reflectors  behind  the  flame  or 
light,  the  light  was  visible  round  the  whole 
horizon,  so  that  one  light  only  was  now 
necessary,  and  far  more  of  the  light  was 
,  utilized  than  by  any  previous  method.  Fres- 
nel's  admirable  system  has,  however,  been 
improved  upon  by  the  addition  of  prisms, 
acting  by  reflection,  placed  above  and  below 
Fresnel's  dioptric  lens,  intercepting  and 
utilizing  rays  of  light  far  beyond  the  power 
of  a  dioptric  lens.  Thus  nearly  the  whole 
of  the  light  produced  is  usefully  employed 
by  being  compelled  to  travel  in  a  plane 
parallel  to  the  horizon.  This  is  the  form 
of  lighthouse  light  known  as  the  "  catadiop- 
tric," from  its  combination  of  the  powers  of 
both  reflection  and  refraction.  It  is  now 
used  in  our  best  modern  lighthouses.  The 
diagram  I  have  here  represents  the  North 
Foreland  Lighthouse,  erected  in  1858,  and 
it  is  a  system  that  may  fairly  be  considered 
as  the  perfection  of  the  application  of  re- 
flectors and  of  refracting  lenses  to  signal 
illumination. 

Having  thus  merely  brought  the  leading 
principles  and  illustrations  of  this  part  of 
my  subject  before  you,  I  have  now  to  ask 
your  attention  to  its  second  division — the 
use  of  artificial  light  as  a  substitute  for  sun- 
light ;  and  in  tracing  the  course  of  inven- 
tion in  relation  to  the  use  of  lenses  and 
reflectors  as  aids  to  this  form  of  artificial 
illumination,  I  shall  have  to  refer  to  many 
unsuccessful  schemes,  giving  them,  how- 
ever, only  sufficient  attention  to  explain  the 
cause  of  their  inutility,  and  we  shall  meet 
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with  but  few  inventions  or  proposals  which 
have  achieved  or  even  deserved  success. 

Allow  me  first  to  divide  this  branch  of 
our  subject  into  two  distinct  subdivisions — 
light  used  within  an  enclosed  space,  having 
reflecting  surfaces,  such  as  an  ordinary 
room,  and  light  used  in  an  unenclosed 
space,  in  fact,  open-air  illumination. 

The  essential  difference  of  these  condi- 
tions must  be  familiar  to  you  ;  you  cannot 
fail  to  have  noticed  how  a  lamp  or  candle, 
which  in  a  room  or  hall  with  light  walls 
and  white  ceiling  had  appeared  cheerful 
and  brilliant,  suddenly  seemed  to  be  de- 
prived of  its  energy,  and  looked  dismal  and 
feeble  when  removed  into  the  open  air  at 
night.  The  intensity  of  the  light  was  the 
same — the  circumstances  under  which  it 
was  burning  alone  had  changed. 

For  ordinary  indoor  lighting  the  reflec- 
tion of  light  by  the  walls  and  ceilings  is 
usually  sufficient,  and  insures  a  fair  and 
even  diffusion  of  light  throughout  the  space 
illuminated  ;  shades  are  usually  placed  on 
lamps  more  to  protect  the  eye  from  the 
direct  rays  emanating  from  the  light  than 
from  any  reflective  power  they  possess ; 
and  where  in  the  passages  of  public 
buildings  or  in  other  places,  silvered  re- 
flectors are  placed  behind  the  flames  of 
wall-lamps  the  effect  is  nearly  always  more 
dazzling  than  advantageous.  It  is,  there- 
fore, in  the  use  of  artificial  light  in  the 
open  air  that  the  aid  of  lenses  and  reflectors 
is  in  fact  required ;  and  we  may  take  for  an 
illustration  an  ordinary  street-lamp;  any 
improvements  in  such  lamps  will  probably 
be  useful  in  many  other  situations. 

As  in  the  case  of  the  early  form  of  signal 
light  or  beacon  in  the  last  century,  so  an 
ordinary  street-lamp  of  this  day  radiates  its 
light  into  space  in  every  direction  ;  some 
few  of  the  rays  may  faintly  illuminate  the 
walls  of  adjacent  houses,  but  in  any  case  a 
very  large  proportion  of  the  light  produced 
is  absolutely  wasted.  Long  ago  this  fact 
appears  to  have  attracted  attention,  and 
early  in  the  history  of  street-lighting,  at- 
tempts were  made  to  utilize  the  wasted  rays 
of  light.  We  find  records  of  these  efforts 
among  the  specifications  at  the  Patent 
Office  dating  as  early  as  1791,  when  the 
first  use  of  lenses  in  connection  with  street- 
lamps  appears  to  have  been  proposed.  In 
1796  two  other  inventions  for  the  purpose 
are  recorded,  and  all  these  seem  to  have  been 
various  and  ineffective  forms  of  the  dioptric 
lens  applied  to  the  globular  oil  lantern. 


Passing  over  the  various  improvements 
in  the  lanterns  used  for  oil  lighting,  we 
come  to  the  earliest  form  of  street-lamp 
used  in  gas  lighting  in  this  metropolis.  I 
have  here  a  sketch  of  one  of  these  from 
Lincoln's-inn- fields  ;  these  had  solid  metal 
roofs,  probably  once  polished  or  whitened 
in  the  interior,  but  now  rusted  and  black- 
ened. Even  at  their  best  they  could  have 
reflected  to  the  ground  only  a  very  small 
amount  of  light,  while  they  effectually  pre- 
vented the  adjacent  buildings  from  being 
illuminated  above  the  level  of  the  lamp 
when  the  flame  was  placed  at  the  usual 
height  in  the  lantern.  The  first  improve- 
ment in  these  gas  lanterns  was  simply  to 
roof  them  with  glass,  as  is  the  common 
practice  at  this  day.  These  lamps  certainly 
had  a  lighter  appearance,  and  were  at  least 
not  worse  than  their  predecessors  except  in 
their  greater  liability  to  breakage.  Still 
anything  like  a  scientific  application  of 
lenses  or  reflectors  to  control  the  direction 
of  the  light  was  not — at  least  so  far  as  I 
can  ascertain — attempted,  until  Sir  Golds- 
worthy  Gurney  obtained  patents,  in  the 
years  1841  and  1842,  for  his  improvements 
in  regulating  and  dispersing  light  and  heat. 
These,  however,  required  the  use  of  an  ar- 
gand  burner  and  glass  chimney,  and  were 
not  of  a  character  suitable  for  the  rough 
usage  or  careless  cleaning  usually  given  to 
a  street-lamp,  nor  were  they,  indeed, 
specifically  proposed  for  this  purpose. 

In  1854  we  find  a  proposal,  by  Messrs. 
Boggett  and  Pettit,  for  the  use  of  what  they 
terrned  "  dioptric  refractors."  These  were 
annular  reflecting  prisms,  and  their  appli- 
cation, among  many  other  purposes,  was 
proposed  as  an  improvement  in  street  light- 
ing. This  was  to  be  effected  by  dividing 
the  ring  into  semicircles  and  placing  them 
on  either  side  of  the  gas  flame,  at  an  angle 
of  about  45  deg.  Either  the  cost  of  making 
these  prismatic  lenses,  the  danger  of 
breakage  from  the  heat  of  the  flame,  the 
practical  difficulty  of  cleaning,  or  the  very 
slight  ^nefit  to  be  obtained  by  their  use  in 
this  form,  must  have  proved  a  sufficient 
reason  for  their  not  being  adopted  for  use 
in  street-lamps. 

Reflectors,  of  parabolic  and  other  shapes, 
have  often  been  placed  behind  the  flame  in 
street-lamps ;  commonly  two  flames  were 
used  with  two  reflectors  back  to  back  be- 
tween them,  while,  even  recently,  another 
form  of  this  attempt  at  improvement  has 
been  the  subject  of  experiment  in  Paris, 
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when  silvered  glass  globes,  about  3  in.  in 
diameter,  some  flattened  on  opposite  sides, 
with  two  gas  flames,  and  others  flattened 
on  three  faces,  with  three  gas  flames,  were 
fixed  in  the  lanterns  in  the  Place  Yendome. 
These  experiments  resulted  in  absolute 
failure :  no  increase  of  light  was  obtained, 
and  the  glass  globes  were  fractured  by  the 
heat  of  the  adjacent  flames.  Indeed,  a 
successful  result  was  impossible ;  and  any 
form  of  solid  reflectors  intercepting  the 
rays  of  light  visible  in  the  street  in  any 
dira  :tion,  is  simply  absurd  and  wasteful  in 
application  to  street  lamps. 

We  may  now  dismiss,  with  these  few 
examples,  any  further  consideration  of  ar- 
rangements of  lenses  or  reflectors  requiring 
to  be  placed  inside  the  lantern  ;  they  would 
necessarily  be  in  danger  of  damage  or  de- 
struction by  the  flame  used,  and  interfere 
seriously  with  the  cleaning  of  the  interior 
of  the  glass  lantern,  besides  themselves  re- 
quiring great  care  in  cleaning  and  polish- 
ing, without  which  they  would  be  useless. 

Here,  then,  is  the  broad  distinction  be- 
tween the  application  of  lenses  and  reflec- 
tors upon  the  large  scale  of  a  lighthouse, 
where  each  single  part  can  be  separately 
cleaned,  and  a  similar  application  of  lenses 
and  reflectors  to  so  small  an  object  as  a 
street  lamp. 

I  must  now  invite  your  notice  to  some 
arrangements  of  reflectors  which,  forming 
part  of  the  lantern  or  its  glazing,  appear  to 
be  free  from  some  of  the  difficulties  I  have 
noticed,  and  which  have  for  different  pur- 
poses been  successful  in  various  degrees. 

The  simplest  of  these  arrangements  is 
the  use  of  solid  reflecting  plates  in  the  roof 
of  the  lantern.  This,  under  various  forms, 
has  been  the  subject  of  many  patents;  it 
is,  however,  of  use  only  when  an  increase 
of  light  is  desired  close  under  the  lamp, 
and  where,  cutting  off  from  adjacent  build- 
ing all  the  light  above  the  level  of  the  lamp 
is  of  no  importance  ;  but  as  a  consequence 
of  this  concentration  of  light  close  under 
the  lamp,  this  arrangement  is  entirely  un- 
suited  for  ordinary  street-lighting,  as,  un- 
less the  lamps  were  placed  much  closer  to- 
gether than  at  present,  the  intervals  of 
darkness  between  the  lamps  would,  by 
comparison,  be  rendered  darker.  Exam- 
ples of  this  principle  may  be  seen  at  Prim- 
rose-hill, in  the  globular  lamps  there,  but 
the  result  is  anything  but  satisfactory. 

Another  form  of  solid  reflecting  roof  may 
be  illustrated  by  a  diagram  representing 


the  large  lanterns  now  in  use  in  the  Lon- 
don and  South-Western  Railway  yards  at 
Nine  Elms ;  it  is  evident  at  a  glance  how 
small  a  part  of  the  waste  light  is  intercept- 
ed, and  how  little  concentration  even  of  that 
is  effected ;  the  inverted  cones  were,  I  be- 
lieve, originally  polished,  but  now  are 
simple  white  surfaces,  from  which  the  light 
radiates  freely  ■  in  all  visible  directions  ;  in 
this  apparatus  a  glass  tube  or  chimney  is 
required  to  protect  the  reflecting  cone. 
Some  street  lamps  of  this  character  may 
also  be  seen  in  the  Strand,  opposite  Exeter 
Hall,  and  it  will  readily  be  seen  there  how 
little  aid  is  obtained  from  reflectors  in  this 
form  and  position. 

Leaving  the  use  of  solid  reflectors  as 
valueless  for  general  application,  we  turn 
to  the  next  series  of  proposals — that  in 
which  the  sheets  of  glass  used  in  glazing 
the  lantern  are  used  also  to  divert  the  rays 
of  light. 

The  first  of  these  is  the  use  of  opal  glass 
in  the  roof  of  the  lantern  ;  this,  while  act- 
ing chiefly  as  a  solid  reflector,  and  subject  to 
its  disadvantages,  yet  permits  a  small  por- 
tion of  the  light  to  pass  through  its  sub- 
stance ;  but  even  this  small  quantity  is 
radiated  in  all  directions  visible  from  the 
surface  of  the  opal  glass,  so  that  little  or 
no  control  is  obtained  of  the  intercepted 
rays.  A  few  specimens  of  this  system  may 
be  seen  in  Oxford  street,  but  it  will  require 
careful  searching  to  discover  them,  or  to 
see  the  difference  between  them  and  the 
other  street-lamps  at  a  slight  distance, 
especially  if  the  other  lamps,  not  having 
been  recently  cleaned,  present  a  very  dull 
appearance. 

We  next  have  a  suggestion  for  cutting 
the  upper  part  of  the  side  panes  into  lines 
and  facets,  something  after  the  manner  of 
a  cut-glass  decanter ;  the  small  advantage 
gained  by  this  method  was  certainly  not 
worth  the  cost. 

A  more  scientific  application  of  dioptrics 
was  proposed  in  1857  by  Degrand,  who 
obtained  a  patent  for  what  he  described  as 
"Lenticular  Glasses."  These  appear  to 
be  a  modification  or  variety  of  the  dioptric 
lenses  introduced  by  Presnel,  and  for  calcu- 
lating the  forms  to  be  given  to  the  striae  or 
waves  of  the  improved  glasses.  The  for- 
mulas of  Presnel  are  especially  referred  to 
because  of  their  accuracy.  These  glasses, 
among  various  other  uses,  were  designed 
for  street-lamps.  I  am  not  aware  that  the 
invention  ever  took  a  practical  shape  in  this 
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direction  in  England,  and  the  great  cost  of 
manufacturing  such  delicate  optical  glasses 
in  thin  sheets  with  sufficient  accuracy  and 
polish — and  without  either  they  must  have 
been  worthless — probably  prevented  their 
application  to  street-lamps. 

Recently,  another  form  of  this  application 
of  the  dioptric  lens  was  experimented  upon 
in  Paris  ;  in  this  case  the  lantern  was  a 
a  cylinder  formed  of  thick  glass  panes,  cast 
in  the  form  of  a  dioptric  lens,  such  as  may 
be  seen  in  some  ship-lamps  ;  the  light  was 
entirely  obscured  from  direct  view,  and 
the  plan  was  found  upon  trial  quite  un- 
suited  for  street  purposes. 

We  have  now  traced  the  course  of  in- 
vention in  street-lamps,  beginning  with  the 
simple  flame,  as  we  did  with  the  simple 
beacon  light  in  the  case  of  signal  lights  ; 
and,  passsing  through  the  stage  of  para- 
bolic and  other  reflectors  behind  the  flame, 
into  the  use  of  various  forms  of  the  dioptric 
lens,  we  arrive  at  the  year  1871,  without 
further  progress  in  the  application  of  lenses 
and  reflectors  to  street  lighting  than  the 
state  of  advance  in  signal  illumination  in 
1822,  when  Fresnel  introduced  his  dioptric 
improvements,  and  practically  without  any 
really  useful  application  of  the  principles  of 
reflection  or  refraction  to  this  important 
public  use  of  artificial  light. 

We  have  seen  in  the  case  of  lighthouse 
lights  how  perfection  in  principle  has  been 
reached  by  the  addition  of  the  catadioptric 
or  reflecting  prisms  to  Fresnel's  dioptric  or 
refracting  lenses ;  we  have  also  seen  how 
powerless  the  dioptric  lens  is  to  assist  us  in 
street-lighting.  Let  us  then  consider  these 
catadioptric  prisms— 4hese  additions  which 
have  secured  such  good  resul,ts  in  signal 
lights,  and  see  how  far  their  use  may  serve 
our  purpose  in  street  illumination. 

We  readily  perceive  their  power  to  con- 
trol the  direction  of  light  reflected  by  them, 
and  how  far  beyond  the  range  of  a  dioptric 
lens  that  power  extends.  We  see  also  that 
they  can  be  applied  above  the  level  of  the 
flame,  so  as  to  not  intercept  in  any  direc- 
tion the  direct  action  of  the  light  usefully 
employed,  but  the  difficulties  we  find  in 
their  use  are  the  cost  of  accurately-shaped, 
polished  glass  prisms,  their  weight,  and  the 
great  trouble  of  cleaning  them.  How,  then, 
shall  we  obtain  the  evident  advantages 
their  use  might  confer,  and  avoid  these 
difficulties  ?  The  course  is  easy  enough, 
as  the  action  of  a  reflecting  surface  and  a 
reflecting  prism  is  identical ;  use  thin  re- 


flecting plates  instead  of  prisms,  and  so 
obtain  at  once  economy  and  lightness,  and 
avoid  the  necessity  of  cleaning  each  sepa- 
rate reflecting  plate,  by  enclosing  each 
group  of  reflectors  between  plates  of  glass 
set  in  a  metal  frame. 

I  have  here  a  specimen  of  the  street- 
lamp  now  known  as  the  catoptric  lamp ; 
this  will  serve  to  illustrate  the  manner  in 
which  these  reflecting  plates  can  be  ap- 
plied. The  angles  at  which  the  reflecting 
plates  are  placed  in  this  specimen  are  such 
that,  while  they  intercept  light  radiating 
upwards  through  53  deg.  of  arc,  they  con- 
centrate it  within  an  arc  of  15  deg.;  this 
gives  sufficient  dispersion  of  the  reflected 
light  over  the  dark  intervals  between  the 
lamps  in  a  street;  by  varying  the  angles 
of  these  reflectors  we  can  perfectly  control 
the  direction  of  the  reflected  light.  In  ap- 
pearance you  perceive  three  points  of  light, 
— first  the  flame  itself;  then,  through  the 
group  of  reflectors  at  the  side  of  the  lamps, 
an  inverted  image  of  the  flame ;  and  in  the 
group  of  reflectors  in  the  roof,  a  second 
inverted  image  of  the  flame  ;  this,  from  re- 
flecting the  edge  of  the  flame,  or  rather  the 
flame  in  a  more  concentrated  shape,  as 
viewed  from  the  position  of  this  group  of 
reflectors,  gives  an  image  of  the  flame  even 
more  brilliant  than  the  appearance  of  the 
flame  itself. 

The  concentration  of  the  light  radiating 
through  53  deg.  of  arc  into  a  much  smaller 
area  gives  this  reflected  light  its  brilliancy 
and  penetrative  power,  as  in  the  example 
of  the  modern  lighthouse  light.  There, 
however,  the  rays  of  light  are  concentrated 
into  parallel  planes,  and  here  we  have 
them  extended  over  such  degrees  of  arc  as 
the  amount  of  concentration  or  diffusion  we 
desire  may  necessitate. 

This  system  of  street-lighting  was  intro- 
duced upon  one  side  of  Waterloo  Bridge  in 
November,  1871,  and  so  satisfactory  was 
the  result,  that  soon  after,  both  sides  of  the 
bridge  were  fitted  with  lamps  of  this  de- 
scription, and  the  daily  press  described  its 
effect  in  terms  of  the  highest  praise. 

Lamps  exactly  similar  to  the  pattern 
before  you  are  in  operation  in  Moorgate 
street  and  many  other  parts  of  this  me- 
tropolis ;  and  in  the  town  of  Southampton ' 
the  High  street,  one-and-a-quarter  miles  in 
length,  is  entirely  lit  with  them,  and  the 
brilliant  appearance,  the  increased  lighting 
power,  and  the  even  diffusion  of  light  in 
that  street  has  given  the  greatest  satisfac- 
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tion.  Numerous  other  towns  have  these 
lamps  on  trial  previous  to  a  general  adop- 
tion of  the  system. 

It  is  obvious  at  a  glance  how  different 
this  application  of  reflectors  for  street  light- 
ing is  to  all  which  have  preceded  it,  and 
how  great  is  the  variety  of  form  and  detail 
of  which  it  is  capable.  .  Here  we  have  a 
specimen  with  reflecting  plates  fluted  ver- 
tically ;  no  advantage  in  power  is,  how- 
ever,  obtained  by  it,  and  although  the 
effect  may  be  pleasing,  its  extra  cost  would 
perhaps  prevent  its  use  in  ordinary  street 
lamps. 

This  question  of  cost  brings  me  to  the 
commercial  question,  whether  the  use  of  re- 
flectors and  lenses  in  street  lamps,  admit- 
ting its  practicability^  is  of  sufficient  advan- 
tage to  warrant  the  increased  cost  of  the 
lamps  and  apparatus  and  the  possibly  in- 
creased cost  of  maintenance,  or  whether  we 
can  balance  the  extra  cost,  or  entirely  save 
its  annual  equivalent,  by  a  saving  in  the 
amount  of  lighting  material  consumed,  and 
yet  give  at  the  same  time  double  the  useful 
effect  of  the  present  lighting.  Let  us  see. 
Here  we  have  lamps  of  various  patterns  all 
burning  gas  from  the  same  main,  each  at 
the  rate  of  5  ft.  of  gas  per  hour.  These 
street-lamp  regulators  are  by  Mr.  Sugg,  of 
Westminster,  all  carefully  adjusted,  and 
giving,  as  you  see,  even  results.  Now  in 
this  specimen  of  a  catoptric  lamp,  I  have  a 
regulator,  allowing  a  flame  to  burn  at  the 
rate  of  4  ft.  of  gas  per  hour  only.  The 
great  increase  in  lighting  power  is  still  ap- 
parent to  you;  and  at  least  double  the 
lighting  power  is  given  by  this  lamp,  as 
compared  with  the  others  burning  5  ft.  of 
gas  per  hour.  Here,  then,  is  a  saving  of  20 
per  cent,  in  gas,  or  about  133.  per  annum. 
This  would  actually  pay  the  entire  extra 
first  cost  of  the  lamp  and  reflectors  in 
two  years,  and  practically  the  cost  of 
repairs  has  not  been  found  to  be  much 
more  than  the  cost  of  repairing  an  ordinary 
lamp. 

The  question  of  cost  cannot,  however, 
be  considered,  as  if  our  present  street 
lighting  was  so  satisfactory  that  no  im- 
provement was  desirable  or  necessary.  The 
want  of  efficient  street  lighting  in  our  cities 
and  towns  is  an  acknowledged  grievance  of 
long  standing.  London  has  been  declared 
to  be  the  worst  lit  city  in  Europe,  and  every 
one  must  admit  the  dangerous  darkness 
which  prevails  in  streets  without  shops, 
or  after  the  shops  are  closed  in  others,  and 
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we  depend  only  upon  the  public  lamps  for 
illumination. 

How,  then,  is  this  defective  lighting  to 
be  remedied  ?  How  are  we  to  obtain  at 
least  double  the  present  lighting  ? — and 
less  than  double  will  not  be  satisfactory. 
Will  the  authorities  be  induced  to  double 
the  number  of  lamps  we  have  at  present  ? 
It  seems  hardly  probable,  when  such  an 
outcry  is  raised  against  a  few  shillings  per 
lamp  increase  in  the  cost  of  gas,  or  when 
we  remember  that  in  1866,  according  to  a 
Parliamentary  Report,  there  were  about 
40,000  public  lamps  in  the  London  district 
alone,  costing,  at  the  present  average  of 
£4  per  lamp,  £160,000  per  annum,  while 
we  cannot  fairly  estimate  the  total  number 
of  open-air  lamps  in  this  country  at  less 
than  300,000. 

It  is,  therefore,  I  think,  obvious  that  it 
is  to  the  use  of  reflectors,  properly  con- 
structed and  applied,  which  will  in  reality 
utilize  to  our  advantage  the  hitherto  wasted 
light,  and  which  are  of  such  a  practical 
nature  as  to  be  fit  for  the  rough  work  of 
public  use,  that  we  must  look  for  imme- 
diate relief  from  the  prevailing  street  dark- 
ness. 

The  use  of  such  means,  if  not  only  doub- 
ling the  present  lighting  power  of  our 
street-lamps,  but  also  insuring  a  more 
equal  diffusion  of  light  over  the  whole 
course  of  our  streets,  would  be  a  boon 
worth  paying  even  an  extra  amount  for ; 
but  when  these  advantages  can  be 
actually  obtained  without  extra  cost,  as  I 
have  shown  they  may  be,  then,  slow  as  the 
introduction  of  any  improvement  ever 
seems  to  be,  strong  as  may  be  the  power  of 
prejudice  or  of  interest,  or  powerful  for  re- 
sistance as  mere  apathy  or  indifference 
may  prove,  it  seems  difficult  to  believe  that 
the  increased  street  lighting  demanded  by 
the  public  can  long  be  refused  to  them  by 
their  representatives  when  the  power  of 
obtaining  that  increase  on  such  terms — an 
increase  that  means  better  protection  to 
life  and  property — is  absolutely  and  prac- 
tically at  hand. 


Me.  Plotsoll's  appeal  on  behalf  of  our 
seamen  has  caused  the  Government  to 
grant  a  Royal  Commission  for  the  purpose 
of  investigating  into  the  nature  of  the  very 
serious  charges  thaj  have  been  made  against 
the  employment  of  unsafe  and  unseaworthy 
ships  by  some  shipowners. — Naval  Science. 
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CHIMNEYS  FOR  FURNACES,  FIRE-PLACES,  AND  STEAM  BOILERS 


By  R.  ARMSTRONG,  C.  E. 


PRACTICAL   THERMODYNAMICS. 

Furnaces,  or  closed  fire-places,  which  it 
is  the  main  design  of  this  essay  to  treat 
upon,  are  essentially  different  in  principle 
and  construction  to  the  ordinary  open  fire- 
places of  dwelling-houses,  as  they  are  ex- 
ceedingly different  in  their  general  scope 
and  object,  and  in  the  vast  variety  of  their 
applications ;  yet  there  is  one  thing  com- 
mon and  important  to  both,  and  that  is  the 
chimney,  or  vertical  flue,  for  the  purpose  of 
creating  a  proper  draught  of  air  through 
the  fire,  as  well  as  to  carry  off  the  smoke, 
or  other  products  of  combustion ;  and  it  is 
in  the  generally  increased  proportions  of 
this  almost  indispensable  adjunct  to  all 
furnaces  which  principally  distinguishes  the 
modern  from  the  ancient  practice  of  steam 
engineering. 

The  great  developement  of  the  manufac- 
turing system  of  this  country  during  the 
last  twenty  or  thirty  years,  and  the  erection 
of  a  larger  description  of  factories  being  re- 
quired, has  caused  more  attention  to  be 
devoted  to  the  stability  and  general  econo- 
my of  such  structures,  in  which  the  erection 
of  larger  chimneys  than  formerly  have  in 
some  degree  participated,  but  only  to  a 
trifling  extent  from  professional  architects, 
properly  so  called.  The  external  portions 
of  the  chimneys  of  dwelling-houses  have, 
no  doubt,  had  some  share  of  attention  from 
architects,  but  it  may  be  doubted  whether 
the  most  important  function  of  even  a  house 
chimney — the  creation  of  draught — has 
been  adequately  considered,  if  even  only  to 
prevent  that  greatest  of  all'  nuisances,  a 
smoky  house.  In  proof  of  which,  many 
cases  might  be  cited  among  the  mansions 
of  the  nobility  and  gentry  all  over  the 
country,  as  well  as  in  town,  where  it  is  the 
less  excusable.  Indeed,  the  chimney  flues 
of  dwelling-houses  are  too  commonly  treated 
as  mere  conduits  for  smoke,  as,  in  fact, 
they  are  frequently  termed,  and  as  such 
they  are  considered  equally  subordinate 
with  drains  and  other  conduits,  which  may 
or  may  not  be  attended  to  after  the  plan  of 
the  house  is  determined  upon,  and,  in  some 
cases,  even  after  the  house  is  partly  erected, 
instead  of  being — as  I  humbly  think  they 
ought  to  be — considered,  in  an  architectural 
sense  at  least,  of  the  highest  importance,  as 
they   are,    in    fact,    the    highest    external 


features  that  can  in  this  climate  properly 
characterize  the  well- ventilated,  well- warm- 
ed, healthy,  and  comfortable  dwellings  of  a 
rational  and  civilized  community. 

It  is  far  from  my  intention  to  write  a 
homily  on  any  branch  of  architecture  as  an 
art,  but  it  must  be  admitted  that  there  are 
few,  if  any,  subjects  of  such  useful  impor- 
tance connected  with  architecture  that  have 
been  so  much  neglected,  misdirected,  and 
misunderstood,  as  the  proper  construction 
of  chimneys  generally,  or  their  proportions 
most  suitable  to  the  various  purposes  for 
which  they  are  designed.  Such  attention 
as  house  chimneys  have  hitherto  received, 
has  been  too  commonly  in  respect  of  their 
ornamental  and  decorative  character  only, 
even  to  the  extent  of  erecting  fictitious 
chimneys  where  there  are  no  flues  and  none 
wanted.  For  all  purposes  of  real  utility 
the  house-building  architect  too  often,  ap- 
parently, contents  himself  with  a  single 
step,  and  in  some  respects  scarcely  so  much, 
in  advance  of  the  "  hole  in  the  wall"  of  the 
ancient  Eomans,  who,  however,  with  all 
their  barbarous  simplicity,  were,  at  any 
rate,  never  troubled  with  down  draughts — 
the  universal  malady  of  all  English  smoky 
dwelling-houses.  •» 

The  labored  ornamentation  of  housetops, 
with  their  numerous  little  crooked  outlets 
for  smoke,  though  frequently  only  inlets 
for  wind  and  rain,  mis-termed  chimneys, 
have  been  the  chief  degradation  of 
modern  architectural  science.  The  art  of 
erecting  chimneys  for  steam-engines,  and 
for  similar  purposes,  has,  however,  fared 
somewhat  better,  since  all  the  more  sub- 
stantially useful  part  of  architecture,  com- 
prising nearly  the  whole  of  that  appertain- 
ing to  manufacturing  industry,  has  for 
some  time  past,  in  our  northern  counties  at 
least,  merged  into  the  province  of  the  civil 
and  mechanical  engineer,  technically  known 
in  Lancashire  as  the  factory  engineer. 

Factory  engineers,  however,  though  dif- 
fering widely  from  architects  generally  on 
many  points,  are  not  at  all  agreed  among 
themselves  as  to  the  best  form  and  con- 
struction of  a  chimney  for  attaining  the 
principal  end  in  view ;  namely,  the  best 
draught  at  the  least  expense.  In  short, 
the  problem  of  how  to  give  a  sufficient 
velocity  to  the  air  passing  through  the  fire- 
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grate,  with  a  given  temperature  in  the  fur- 
nace or  in  the  escaping  products,  and  at  a 
minimum  rate  of  consumption  of  the  fuel 
to  be  used,  has  scarcely  yet  .received  an  ade- 
quate solution,  even  theoretically.  Practi- 
cally, the  question  has  received  many  solu- 
tions— too  many,  one  may  say,  for  the 
convenience  of  ordinary  business  men — 
which  circumstance  is  one  of  the  main 
causes  that  has  rendered  the  present  work 
necessary,  as  well  as  contributing  to  some 
of  its  chief  difficulties.  The  multitude  and 
diversity  of  opinions  on  this  subject  may, 
in  a  great  measure,  be  ascribed  to  the 
generally  prevailing  reliance  on  the  dicta 
of  some  few  popular  professors,  or  rather 
amateurs,  of  chemistry ;  in  which  category 
we  might  also,  perhaps  without  much  in- 
justice, include  a  few  so-called  scientific 
guide-books.  I  am  not  for  decrying  the 
present  inundation  of  cheap  scientific  trea- 
tises, which  is  so  marked  a  feature  of  the 
times ;  but,  on  the  contrary,  think  such 
books  cannot  be  too  many  nor  too  cheap, 
when  original  or  genuine.  Such  of  them, 
however,  as  are  merely  reproductions  of 
the  last  century,  or  even  the  early  part  of 
the  present,  are  generally  to  be  deprecated. 

To  make  a  chemical  laboratory,  for  in- 
stance, as  has  sometimes  been  done,  an 
object  of  study  to  the  engineer  or  builder, 
however  scientifically  constructed  and  ar- 
ranged, unless,  indeed,  the  object  be  to 
erect  another  laboratory  for  a  similar  pur- 
pose, is,  to  say  the  least,  very  injudicious, 
and  the  fruitful  source  of  much  error  and 
prejudice  in  the  minds  of  young  men  of 
scientific  aspirations.  More  particularly  is 
this  the  case  when  the  object  in  view  is  the 
arrangement  of  factories  or  works  for  other 
special  purposes;  those  purposes  being 
mainly  for  commercial  profit,  and  not  for  the 
mere  amusement  of  amateurs,  nor  even  for 
the  professed  advancement  of  science,  which 
is  often  little  better. 

Holding  the  above  views  in  common 
with  the  factory  engineers  before  adverted 
to,  I  have  always  preferred  taking  for  pre- 
cedents the  blacksmith's  forge,  the  potter's 
kiln,  or  the  glasshouse  chimney,  rather 
than  seek  mechanical  prescriptions,  so  to 
speak,  among  the  crucibles  and  alembics  of 
our  "  modern  alchemists." 

With  respect  to  the  fire-place  itself — the 
Furnace — to  which  a  chimney  of  some  kind 
is  but  a  necessary  though  highly  important 
accessory,  it  is  altogether  in  a  different  pre- 
dicament.    The   chief  peculiarity   relating 


to  Furnaces,  is  that  they  have  always 
been,  and  are  necessarily,  in  the  hands,  or 
constantly  under  the  immediate  control,  of 
the  workman  himself.  To  him  they  are, 
in  a  certain  sense,  his  tools — the  tools  of  his 
trade — and  for  each  special  trade  compara- 
tively perfect,  at  least  he  thinks  so. 
Operative  workmen,  at  any  rate,  though 
"  reformers  "  they  may  be  themselves,  sel- 
dom willingly  admit  of  any  reform  in  their 
work  tools.  On  this  point  they  are  essen- 
tially conservative  in  all  trades,  even  to  the 
cobler,  as  he  sings,  "  To  lose  my  awl 
'twould  break  my  heart,"  etc.  The  conse- 
quence of  this  general  feeling  is  that  we 
have  an  abundance  of  experiments  confir- 
matory, or  otherwise,  of  any  particular 
innovations  or  alterations  in  a  chimney  or 
furnace  that  affect  the  draught,  which  is 
the  only  result  a  workman  cares  about. 
If  the  alteration  turns  out  an  improvement, 
it  is  quickly,  and  almost  instinctively,  as  it 
were,  appreciated  ;  if  the  reverse,  or  doubt- 
ful, or  if  even  only  undecided,  it  is  as 
quickly  rejected  and  condemned.  Generally 
rather  too  quickly,  in  fact,  for  the  interest 
of  such  inventors  and  improvers  as  cannot 
afford  to  wait  for  matured  results.  Hence 
has  arisen  a  good  deal  of  that  great  diversity 
of  opinion,  not  to  say  theory,  even  among 
the  most  observant  of  mechanical  engineers 
themselves. 

The  Chimney  and  Furnace  have  not  been 
sufficiently  considered  together,  or  as  one 
apparatus.  The  Forge  furnace,  the  Steam 
Boiler  'furnace,  the  Baker's  Oven  furnace, 
and  the  Brick-kiln  furnace,  may  be  in- 
stanced as  four  examples  of  great  dissimi- 
larity of  purpose  ;  but  from  the  first  to  the 
fourth  consecutively,  requiring  a  gradually 
decreasing  velocity  of  draught.  The  first 
and  the  last  of  the  series,  being  instances  of 
the  two  opposite  extremes,  requiring  the 
quickest  and  the  slowest  draughts,  and 
having  in  consequence  the  highest  and  the 
lowest  temperatures,  These  two  extreme 
Gases,  moreover,  have  one  peculiarity  in 
common,  which  is,  that  it  is  by  many  con- 
sidered a  difficult  matter  to  decide  in  either 
case  where  the  furnace  proper  ends,  and 
where  the  chimney  flue  begins.  Ahhough 
I  shall  have  to  revert  to  this  point  more 
fully  in  the  sequel,  it  may  here  be  ob- 
served that  the  difficulty  alluded  to  may 
be  greatly  lessened  by  considering  that  the 
termination  or  vent  of  the  Forge  or  Air 
furnace  for  working  iron  ought  1o  be  at  no 
great  distance  beyond  the  point  cf  greatest 
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temperature  of  the  flame,  because,  in  the 
Forge,  or  Iron  furnace  especially,  it  is  the 
flame  that  "does  the  work."  Whereas  in 
the  other  extreme  case  mentioned — the 
Brick-kiln — which  requires  little  or  no 
flame,  the  furnace  may  be  considered  to 
terminate  at  the  lowest  possible  temperature 
of  the  issuing  hot  air,  and  might  in  fact  do 
very  well  with  hardly  any  chimney  at  all. 
The  other  two  kinds  of  furnaces  referred 
to — the  Steam-engine  furnace  and  the 
Baker's  Oven  furnace — may  be  considered 
generally  in  an  intermediate  condition  to 
the  above,  or  in  the  order  in  which  they 
are  stated,  more  particularly  as  respects 
strength  of  draught.  These  two  furnaces 
have  also  one  trait  in  common,  in  so  far  as 
they  both  require  regulating  while  at,  work, 
and  are  capable  of  permitting  of  variations 
of  temperature  through  a  very  considerable 
range.  The  steam  boiler  furnace  admits 
of  great  delicacy  as  well — so  much  so,  as 
to  make  it,  when  supplied  with  proper  self- 
acting  dampers,  a  very  efficient  regulator 
or  governor  to  the  steam-engine  itself.  In 
the  Oven  furnace,  the  draught  requires  to 
be  "  sharpened  "  or  slackened,  from  time 
to  time,  by  hand,  to  suit  the  kind  of  goods 
undergoing  the  operation  of  baking. 
The  steam-engine  furnace  is  like  the  forge 
furnace,  so  far  as  it  requires  occasionally  a 
very  quick  action  for  raising  the  pressure 
of  steam  in  a  short  time,  or  otherwise,  to 
prevent  the  steam  from  going  down  by 
some  sudden  increase  of  the  load  on  the 
engine.  The  Oven  furnace  is  not  subject 
to  such  sudden  changes,  but  rather  re- 
quires a  long  continued,  persistent,  steady 
heat.  This  property  of  the  Oven  furnace  is 
mainly  caused  by  the  large  mass  of  brick- 
work with  which  it  is  commonly  constructed, 
absorbing  and  retaining  a  great  deal  of 
heat  to  begin  with. 

The  accumulation  and  retention  of  heat, 
or  of  the  power  of  heating  other  bodies,  by 
non-conducting  or  slow-conducting  sub- 
stances used  in  the  construction  of  some 
furnaces,  and  the  rapid  dissipation  and 
apparent  extinction  of  the  same,  by  metallic, 
or  good  conducting  substances,  in  connec- 
tion with  other  furnaces  so  provided,  is  per- 
haps the  most  interesting  branch  of  this  sub- 
ject. And  as  anything  bearing  on  this 
that  may  serve  to  elucidate  the  principles 
on  which  sound  practice,  to  say  nothing  of 
theory,  must  be  sooner  or  later  established, 
this  introductory  Essay  appears  to  be  the 
proper  place  in  which  to  introduce  what  is 


either    new,     or    differently    treated    and 
usual. 

In  following  the  course  here  indicated,  I 
am  quite  aware  of  the  unmethodical  ap- 
pearance it  must  have  ;  but  I  have  always 
preferred  the  rough  and  useful,  though 
only  prospectively  recompensed  labors  of 
the  pioneer's  track,  to  the  smooth  greens- 
ward and  well-worn  walks  of  science  that, 
often  lead  "  to  nowhere."  Satisfied  if,  in 
going  through  the  still  unexplored  fields  of 
discovery,  I  can  bring  home  but  a  few 
rough  logs  towards  the  building  up  of  the 
edifice  so  recently  founded  for  sheltering  the 
yet  young  though  promising  science  of 
Heat  and  its  relations,  now  termed  Thernio- 
dyn  amies. 

For  the  actual  state  and  condition  of 
much  of  existing  knowledge  on  the  subject 
of  heat,  there  is  now  no  longer  occasion  to 
go  for  comparisons  back  to  the  times  of 
Bacon,  Newton,  and  Hooke,  much  as  is  du© 
to  those  illustrious  philosophers.  Nor  is 
there  any  occasion  to  consult  the  works  of 
Franklin,  Black,  Eumford,  and  others  of 
their  times,  nor  adopt  any  of  the  theories 
and  doctrines  they  promulgated.  The  opin- 
ions of  those  much  more  reliable  authori- 
ties— even  Young,  Dalton,  and  Davy — can- 
not now  be  taken  without  some  little  re- 
serve ;  but  the  experiments  of  their  distin- 
guished successors  Faraday  and  Joule,  with 
the  praisworthy  labors  of  Kankine,  Tindal, 
and  a  few  others  in  the  same  direction,  have 
more  recently  furnished  results  on  the  sub- 
ject of  the  present  inquiry  which  cannot  be 
too  highly  esteemed,  and  which,  with  this 
general  acknowledgment,  I  intend  to  make 
a  free  use  of  in  the  course  of  this  work. 

There  is  no  need  to  extend  the  present 
Essay  by  any  long  dissertation  on  the 
theory  of  Chimney  draught,  neither  shall  I 
introduce  much  of  what  has  been  advanced 
by  others  on  that  subject,  but  rather  confine 
these  remarks  to  such  elementary  facts, 
principles,  and  rules,  as  are  likely  to  be 
useful  to  those  practical  engineers,  builders, 
and  others,  whose  commercial  undertakings 
— contracts  and  other  exigencies — do  not 
generally  admit  of  long  delay,  much  study, 
or  scientific  research,  but  who,  nevertheless, 
may  wish  to  readily  avail  themselves  of  a 
few  leading  principles  and  practical  direc- 
tions, such  as  may  at  least  prevent  them 
from  getting  very  far  wrong.  By  pro- 
pounding and  exemplifying  a  series  of 
practical  examples  of  cases  that  can  be  now 
referred  to  in  actual  use,  it  is  hoped  that 
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the  most  casual  reader  will  be  able  to  ac- 
company me  with  confidence  and  satisfac- 
tion through  the  rest  of  these  Essays. 

THE    STEAM-ENGINE    CHIMNEY. 

The  questions  of  most  interest  in  connec- 
tion with  large  chimneys,  and  those  usually 
the  first  asked,  after  the  important  one  of 
cost,  by  the  capitalist  who  has  determined 
on  some  considerable  outlay,  either  in 
erecting  a  new  shaft  or  rebuilding  an  old 
one,  may  be  classed  under  two  principal 
heads — namely,  the  external  and  the  inter- 
nal proportions. 

Whether  the  external  form  of  a  hollow 
shaft  of  brickwork  or  masonry  of  consider- 
able elevation,  in  this  climate  and  country, 
should  be  a  plain  obelisk,  or  a  finely  pro- 
portioned architectural  column,  is  a  ques- 
tion that  does  not  admit  of  much  difficulty 
in  deciding.  Most  engineers  are  no  doubt 
properly  inclined  to  the  opinion  that  for  so 
entirely  utilitarian  a  purpose  as  a  chimney, 
the  former  is  the  most  preferable.  It  is, 
however,  quite  a  matter  of  architectural 
taste  as  to  how  it  may  harmonize  with 
surrounding  objects,  and  the  last  thing  in 
the  world,  perhaps,  that  engineers  ought  to 
dogmatize  upon.  Whether  the  form  of 
such  a  column  should  affect  great  sim- 
plicity— a  simple  truncated  cone  or  pyra- 
mid, for  instance,  decreasing  uniformly  in 
diameter  upwards;  or  whether  it  should 
affect  great  stability,  like  the  trunk  of  the 
oak,  proverbially  the  shape  for  withstand- 
ing a  severe  gale  of  wind;  or,  ought  a 
chimney  shaft  to  be  erected  with  a  variable 
batter,  like  a  lighthouse  or  a  monument  on 
the  sea-coast — these  are  all  questions  re- 
quiring some  consideration  in  designing  a 
chimney  for  general  purposes  ;  but  for  the 
chimney  of  a  steam-engine  other  especial 
requirements  of  far  greater  importance  are 
to  be  considered. 

It  is  the  internal  proportions  of  a  chim- 
ney shaft  only — its  height  and  sectional 
area — that  principally  concern  the  steam 
engineer.  Until  these  essential  internal 
proportions  are  first  agreed  upon,  we  are 
not  in  a  position  to  discuss  the  external 
proportions  with  advantage. 

In  fixing  on  the  proper  dimensions  of 
the  vertical  smoke  flue,  or  inside  of  a 
steam-engine  chimney,  it  is  a  question 
with  many,  whether  it  should,  as  is  most 
commonly  done,  be  tapered  internally  or 
diminished  in  area  towards  the  top ;  or 
whether  it  ought  to  be  parallel — as  wide  at 


top  as  at  bottom — in  order  to  have  the 
greatest  velocity  of  draught.  Or,  again 
ought  a  chimney  to  be,  as  some  few  eccentric 
engineers  contend,  and  occasionally  carry 
into  execution,  even  wider  at  the  top  than 
the  bottom? 

These  questions  are  all  deserving  of  atten- 
tive consideration,  and  will  receive  ample 
illustration  in  the  sequel.  But  there  is  an- 
other question  quite  as  important  as  any  of 
the  above,  and  requiring  a  prior  considera- 
tion. It  is  thus  enunciated  :  What  are  the 
proper  dimensions — height  and  area— of  a 
chimney  shaft  most  suitable  for  a  steam- 
engine  of  any  given  number  of  horse-power, 
or,  which  is  nearly  the  same  thing,  for  burn- 
ing away  a  given  quantity  of  coals  per 
hour  ?  The  proper  answer  to  this  question 
depends  a  good  deal  on  the  quality  of  the 
coals  used,  and  the  quantity  of  waste 
gaseous  products  arising  from  their  gener- 
ally imperfect  combustion  in  the  furnace. 
The  best  Newcastle  or  Hartley  coals,  and 
the  best  Welsh  steam  coal,  though  re- 
quiring very  different  treatment  in  the  fur- 
nace, are  found  equally  in  practice  not  to 
require  such  large  chimneys  as  the  inferior 
coals  of  the  midland  and  manufacturing  dis- 
tricts of  England.  Under  these  circum- 
stances, it  will  perhaps  be  most  advisable, 
in  the  first  instance,  to  base  our  observa- 
tions and  calculations  on  such  practical  data 
as  those  districts  so  readily  afford,  more 
particularly  those  of  Lancashire,  South 
Yorkshire,  Derbyshire,  and  Staffordshire. 
Another  reason  for  adopting  those  data  is, 
that  the  usual  stoking  and  management  of 
the  fires  in  those  districts  may  be  described 
as  a  fair  medium  between  the  north  and 
the  south,  between  the  Newcastle  and  the 
Cornish  practice.  There  is  one  feature  in 
common  between  the  northern  and  southern 
practice  that  may.  be  mentioned,  which 
is,  that  the  engines  in  both  districts  are 
generally  very  lightly  loaded,  compared 
with  those  in  the  manufacturing  districts ; 
the  latter  being  very  seldom  indeed  work- 
ing at  less  than  50  per  cent,  above  their 
nominal  horse-power,  and  commonly  more 
than  double  their  real  or  indicated  horse- 
power. 

The  last-mentioned  circumstance  furnishes 
us  with  the  reason  for  the  maxim  so  long 
prevalent  in  Lancashire,  that  a  steam- 
engine  chimney,  leaving  all  considerations 
of  cost  out  of  the  question,  can  never  be  too 
large  nor  too  powerful,  provided  it  is  sup- 
plied with  efficient  means  for  checking  the 
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draught,  by  properly  fitted  dampers  or 
otherwise,  whereby  the  supply  of  steam 
can  be  readily  controlled  at  any  moment,  so 
as  to  work  the  engine  at  one-half  its  full 
power,  and  using  considerably  less  than 
one-half  the  power  of  draught  of  the  chim- 
ney ;  for  which  purpose,  the  ordinary 
damper  (say  3  ft.  long)  of  a  thirty-horse 
engine  ought  to  be  open  only  to  the  extent 
of  3  to  6  in.,  thus  having  a  surplus  draught 
always  at  command  for  emergencies. 

Another  feature  of  this  question,  arising 
from  the  practice  of  working  steam-engines 
with  inferior  fuel,  is  the  large  proportion  of 
dirt  and  small  ashes  derived  from  the  burn- 
ing of  the  bad  coal — the  "flue  dust" — 
wrhich  accumulates  to  an  enormous  extent 
within  the  flues  and  on  the  bottom  of  the 
chimney.  Much  of  this  flue  dust — all  the 
finer  particles  especially,  and  to  a  much 
greater  extent  than  has  hitherto  been  sus- 
pected, or  at  least  recognized — passes  up 
and  out  of  the  chimney  top  under  the  ap- 
pearance of  smoke,  but  which  even  veteran 
"  smoke  burners  "  generally  are  surprised 
to  find  is  neither  carbonaceous  soot  nor 
combustible  gas,  but  principally  incombus- 
tible earthy  and  silicious  dust. 

In  appealing  to  the  practice  of  our  best 
engineers  respecting  the  proper  area  of  the 
vertical  chimney  flue  of  a  steam-engine, 
there  is  no  occasion  to  go  back  to  the  times 
of  Brindley  and  Smeaton — when,  steam- 
engines  were  called  fire-engines,  and  the 
firemen  first  called  stokers — excepting  for 
the  purpose  of  making  a  single  reference  to 
the  early  practice  of  the  celebrated  James 
Watt,  which  strikingly  illustrates,  not  only 
the  difficulty  of  determining  a  %>r tori  the 
right  proportions  of  a  chimney,  but  also 
the  admirable  caution  and  prudence  observ- 
ed by  him  in  this  as  in  other  matters,  so 
remarkably  conspicuous  in  the  eminently 
practical  mind  of  that  great  man. 

After  Mr.  Watt  had  once  ascertained 
the  best  size  and  proportions  of  a  chimney 
most  suitable  for  a  given  size  of  boiler  and 
engine,  he  did  not,  at  first,  as  almost  any 
tyro  of  the  present  day  would  not  hesitate 
to  do — venture  to  throw  the  draught  of  two 
such  or  similar  boilers  into  one  chimney  of*  a 
larger  area,  so  that  the  same  outlet  might 
serve  for  the  smoke  from  both  furnaces,  but 
he  actually  erected  two  such  chimneys 
alongside  each  other  !  Or,  occasionally,  he 
did  what  was  equivalent  thereto  :  in  erect- 
ing a  chimney  for  two  boilers,  he  would 
build  up  a  midfeather,  or  division  wall,  from 


bottom  to  top,  in  order  to  separate  the  two 
draught  currents  from  each  other,  in  the 
same  manner  as  in  house  chimneys.  Had 
we  not  the  evidence  of  yet  existing  erections 
to  the  fact,  such  a  statement  at  this  distance 
of  time  might  be  considered  scarcely 
credible.* 

From  all  accounts  of  Mr.  Watt's  early 
practice,  it  may  be  fairly  inferred  that  he 
did  not  theorize  much  respecting  the  height 
of  engine  chimneys  ;  for  having  succeeded 
in  doubling  the  effect  of  the  steam-engine 
itself,  for  the  same  amount  of  fuel  pre- 
viously used,  he  found  no  difficulty  in 
making  a  low  chimney  suffice,  such  in  fact, 
as  were  then  in  use  for  the  old  atmos- 
pheric engines,  and  occasionally  to  be  seen 
in  the  mining  districts  at  the  present  time. 
Those  primitive  erections,  however — mere 
outlets  for  smoke — can  now  hardly  be  con- 
sidered as  chimneys  at  all,  seldom  exceed- 
ing an  elevation  of  two  or  three  yards 
higher  than  the  top  of  the  boiler.  So  soon, 
however,  as  the  double  powered  steam- 
engine  came  into  use,  which  quadrupled  in 
effect  the  "  old  atmospheric,"  and  often  ex- 
ceeded that,  when  applied  to  turning  machin- 
ery in  towns,  it  was  found  that  the  speed  of  the 
engine  was  often  reduced  for  want  of  steam, 
and  that  again  for  want  of  sufficient  draught. 
This  last  was  occasioned,  not  unfrequently, 
strange  as  the  words  may  now  sound  in  the 
ears  of  modern  engine  drivers,  by  an  "  un- 
favorable wind  1 " 

Prior  to  the  times  we  are  speaking  of, 
the  height  of  an  engine  chimney  shaft,  or 
stack  of  chimneys,  as  on  Mr.  Watt's  system 
the  chimney  was,  in  fact,  did  not  then  ap- 
pear to  be  of  much  consequence,  provided 
it  exceeded  that  of  the  neighboring  build- 
ings, and  any  precedents  that  then  existed 
for  the  area  of  the  aperture  or  exit  passage 
of  the  smoke  were  like  those  for  the  height 
— of  a  very  antiquated  and  empirical 
character.  The  size  and  shape  of  the 
superior  orifice  of  a  chimney  was,  in  fact, 
even  within  the  present  century,  regulated 
by  no  fixed  rule,  but  was  variously  modi- 
fied, as  well  also  in  diameter  and  area, 
from    accidental    circumstances — often    by 


*  Two  united  chimneys  of  this  kind  were,  not  many  years 
ago,  in  use,  with  two  of  Boulton  and  Watt's  original  20  horse 
boilers,  in  the  cotton-spinning  works  of  Messrs.  John  Pooley 
&  Sons,  in  Manchester.  The  case  was  remarkable,  from  the 
fact  that  the  engineer  of  the  firm  once  attempted  to  improve 
(as  he  thought)  the  draught  of  the  chimney  by  breaking  an 
opening  through  the  midfeather,  in  order  that  the  smoke 
might  fill  both  the  flues.  The  result  was,  the  draught  was  en- 
tirely lost,  and  the  communication  had  to  be  closed  up  again 
before  the  engine  could  be  got  to  work. 
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considerations  as  to  what  could  be  made 
safely  to  stand,  should  the  chimney  require 
raising  a  little  higher  than  usual,  or  than 
first  intended.  The  numerous  envious 
rivals  of  Boulton  and  Watt  in  the  early 
part  of  the  present  century,  the  Sherratts, 
Murrays,  and  others  of  that  time,  whose 
almost  universal  rule  was  to  give  "  one 
inch  more  in  diameter  of  cylinder  than 
Watt"  for  the  same  nominal  horse-power, 
"  and  for  a  great  deal  less  money,"  had  no 
little  share  in  helping  to  mend  this  state  of 
things.  They  all  knew  pretty  well  how  im- 
portant it  was  to  have  a  little  extra  steam, 
to  meet  the  possible  imperfect  performances 
of  their  engines,  and  this  a  very  few  inches 
or  feet  of  extra  brickwork  in  the  width  and 
height  of  the  chimney  always  gave  them 
the  command  of,  though  this  was  often 
done  at  the 'casual  suggestion  of  the  brick- 
layer. In  this  matter,  as  with  a  cor- 
responding suggestion  of  raising  the  height 
of  the  feed-pipes,  which  was  often  com- 
plied with  professedly  to  suit  the  con- 
venience of  the  stoker  in  preventing  boiling 
over,  it  generally  resulted  in  raising  the 
pressure  of  the  steam — an  infallible  remedy 
for  almost  all  other  deficiencies.  Thus  it 
occasionally  happened  that  the  trifling  or 
crude  suggestion  of  the  bricklayer  or 
stoker,  in  some  instances,  turned  favorably 
the  tide  of  success,  which  first  founded  the 
establishment  of  some  of  the  largest  engi- 
neering firms. 

It  is  owing  to  similar  circumstances  to 
those  just  referred  to  that  we  have  so 
many  examples  of  engine  and  other  chim- 
neys in  most  of  our  old  provincial  towns, 
which,  on  being-  raised  higher  than  at  first 
intended,  have  been  stayed  from  time  to 
time  by  means  of  iron  tie-rods,  and  hoop- 
ed with  iron  bands.  These  iron  rods,  props, 
and  crutches  to  chimneys  are  much  re- 
sorted to  in  breweries,  distilleries,  malt 
kilns,  and  other  large  works,  as  well 
in  London  as  in  different  parts  of  the 
south  of  England,  and  are  very  far  from 
being  any  indication  of  want  of  great  pros- 
perity in  the  commercial  and  manufac- 
turing concerns  to  which  they  are  at- 
tached. In  their  apparent  condition  they 
are  the  very  opposite  to  the  establish- 
ments of  even  second-rate  manufacturers 
in  Lancashire. 

So  far  as  economy  of  fuel  is  concerned, 
the  great  prosperity  and  wealth  of  the  for- 
mer seems  to  be  in  defiance  of  extravagant 
waste  and  temporary  expedients ;    while  in 


the  latter  it  arises  in  a  great  measure  from 
well-considered  permanent  arrangements  in 
all  that  concerns  their  engines,  boilers,  and 
furnaces.  The  necessity  of  artificial  helps 
to  the  stability  of  a  chimney  is  a  sure  mani- 
festation of  great  waste  of  fuel,  by  unneces- 
sary stoking  and  forcing  the  fires,  and 
thereby  overheating  the  chimneys,  through 
inadequate  area  of  flue.  On  the  other  hand, 
we  may  instance  the  air  furnaces  and  kilns 
of  the  iron  works  and  potteries  of  Stafford- 
shire, where  there  is  some  degree  of  neces- 
sity for  resorting  to  the  expedients  referred 
to,  on  account  of  the  much  higher  tempera- 
ture required  by  the  process  going  on  with- 
in the  furnace. 

The  chimney,  or  cone,  of  an  iron  furnace, 
an  earthenware  kiln,  or  a  glasshouse,  is,  in 
fact,  a  part  of  the  furnace  itself,  or  at  leapt 
ought  to  be  so  considered,  and  necessarily 
becomes  heated  by  the  flame  passing  into, 
through,  or  among  the  materials  and  arti- 
cles of  manufacture  it  contains.  This  pecu- 
liarity, which  is  also  common  to  many  vari- 
eties of  chemical  furnaces  as  well  as  to  pot- 
tery kilns,  is  the  main  cause  of  the  very 
strong  draught  therein  obtained. 

In  the  case  of  a  steam  engine  boiler  fur- 
nace, however,  it  is  well  known  that  no 
such  thing  as  the  flame  passing  off  into  the 
chimney,  nor  even  into  a  flue  leading 
thereto,  after  leaving  the  bottom  or  internal 
tube  of  the  boiler,  is  admissible  with  tho 
slightest  attention  to  economy  of  fuel.  It 
requires  but  little  consideration  to  convince 
us  that  the  flame  of  a  steam-engine  furnace 
ought  to  be  wholly  expended  against  the 
boiler  bottom,  or,  where  internal  furnaces 
or  flues  are  used,  entirely  within  the  boiler 
itself,  in  which  case  the  draught  is  created 
solely  by  the  ascensional  force  of  the  column 
of  waste  air  or  smoke  within  the  chimney, 
heated  to  the  comparatively  moderate 
temperature  of  500  or  600  deg. 

Thus  it  will  be  observed,  there  is  a  wide 
distinction  to  be  made  between  these  two 
species  of  furnaces  ;  the  steam-engine  fur- 
nace approaching  more  nearly,  in  its 
moderate  temperature,  economy,  and  other 
circumstances,  to  the  enclosed  house  stove, 
or  at  least  to  the  kitchen  fire-place,  or  cook- 
ing range.  In  these,  the  grate-room  or 
furnace  proper,  and  the  chimney  or  smoke 
flue,  are  essentially  separate  and  distinct 
parts,  though  in  the  best  construction  of 
engine  furnaces  they  are  rendered  more 
perfectly  so  by  interposing  what  has  been 
always  considered  and  properly  termed  the 
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flame  chamber,  or  flame  bed,*  by  practical 
engineers. 

On  the  other  hand,  in  the  action  of  the 
air  furnaces  of  a  potter's  kiln,  in  which  the 
vertical  flame  chamber  and  chimney  are 
both  in  one,  or  in  the  small  furnaces  of  a 
chemist's  laboratory,  arranged  for  produc- 
ing very  perfect  combustion  and  the  most 
intense  heats  only,  of  two  or  three  thousand 
degrees  and  upwards,  we  find  a  very  differ- 
ent state  of  things  to  that  of  a  steam  boiler, 
requiring  a  heat  only  a  little  beyond  that 
of  boiling  water. 

The  importance  of  the  distinctions  we 
have  thus  endeavored — though  perhaps 
imperfectly — to  point  out,  though  well  un- 
derstood by  practical  firemen,  has  been 
much  underrated,  and  the  cause  of  some 
dogmatism  and  misapprehension,  especially 
on  the  smoke  question.  From  this  mixing- 
up  of  different  species  of  furnaces,  intended 
for  totally  different  objects  and  processes  of 
art,  though  each  may  be  practically  perfect 
for  the  purpose  it  is  intended  for,  very  in- 
correct conclusions  only  have  been  deduced 
by  some  scientific  writers.  Waiving,  there- 
fore, for  the  present  any  further  considera- 
tion in  this  place  of  the  variable  opinions 
of  those  chemists  who  have  not  yet  been 
able  to  define  satisfactorily  where  the 
steam-engine  or  other  furnace  (proper)  ends, 
or  where  the  chimney  flue  begins, — and 
dismissing  also  the  calculations  of  those 
really  able  mathematicians  on  the  subject 
of  the  velocity  of  draught,  whose  con- 
clusions on  the  question  have,  unfor- 
tunately, differed  from  each  other  by  nearly 
500  per  cent.,  we  shall  next  proceed  to  de- 
scribe the  design  for  a  steam-engine  chim- 
ney, hastily  inprovised  for  a  particular  occa- 
sion, and  which,  on  being  properly  ex- 
ecuted, happened  to  be  right.  We  use 
this  expression  purposely,  not  wishing  to 
claim  any  particular  merit  for  the  design 
itself,  and  do  not  say  how  many  others  we 
may  have  taken  more  pains  with,  that, 
from  various  causes,  have  turned  out  less 
successful,  although  as  instructive  lessons, 
some  such  may  be  referred  to  in  the 
sequel. 

In  order  to  elucidate  the  object  of  this 
chapter  still  further,  and  to  show  what 
confused  and  erroneous  notions  on  the  sub- 


*  Several  other  more  or  less  affected  terms  are  applied  to 
this  part  of  a  furuace  by  the  ultra-chemical  school  of  smoke- 
prevention  patentees;  such  as  mixing  chamber  and  diffusing 
chamber,  of  which  the  term  combustion  chamber  is  perhaps 
the  least  inappropriate,  although,  in  reality,  combustion  goes 
on  more  vigorously  in  the  grate-room  than  anywhere  else. 


ject  of  draught  in  chimneys  have  been, 
from  time  to  time,  prevalent,  even  in  so 
generally  intelligent  and  eminently  manu- 
facturing a  town  as  Manchester,  the  fol- 
lowing extract  from  a  letter  addressed  to 
one  of  the  newspapers  in  that  city  is  in- 
serted, together  with  my  reply  thereto. 
The  article  was  entitled  "  Smoke  and  Long 
Chimneys,"  and  commenced  as  follows  : — 

"  The  writer  proposes  that,  instead  of 
erecting  a  long  chimney  for  a  steam-engine 
furnace,  a  very  long  and  wide  flue  or 
chamber  should  be  built,  contiguous  to  the 
furnace.  Take  an  area  of  ten  yards  by 
twenty,  more  or  less,  according  to  the  size 
of  the  furnace,  wall  it  round  10  ft.  high, 
and  build  three  or  four  crosswalls,  3  ft. 
short  of  the  length  of  the  chamber,  each 
alternately,  the  alternate  end  of  each  wall 
being  tied  into  the  outer  walls,  arching  the 
whole  over  from  wall  to  wall,  or  covering  it 
with  flags  (any  more  convenient  form  might 
be  adopted,  provided  the  length  and  height 
of  the  flue  was  obtained) — the  smoke  and 
rarefied  air  from  the  furnace  to  be  conveyed 
by  an  ordinary-sized  flue  into  it  at  one  cor- 
ner, passing  through  it  zigzag  to  the  end, 
and  then  up  the  chimney,  which  need  not 
be  higher  than  the  buildings  around.  There 
should  be  a  door  into  it,  at  some  convenient 
place,  to  take  out  the  soot ;  and  at  the  first 
time  it  was  started  it  would  be  necessary  to 
put  in  a  quantity  of  shavings  and  light 
them,  in  order  to  start  the  draught ;  this 
would  only  be  required  when  it  was  first 
commenced  with,  or  after  it  had  been  a  long 
time  out  of  use. 

"  The  writer  conceives  that,  when  the  flue 
is  filled  with  the  smoke  and  rarefied  air 
from  the  furnace,  there  would  be  a  partial 
— and  but  a  partial — vacuum  in  the  flue,  or 
that  the  volume  of  air  in  it  would  not  be  of 
equal  density  with  the  surrounding  atmos- 
phere, and  that  the  difference  in  the  specific 
gravity  of  the  smoke  and  hot  air  in  the 
whole  flue,  and  the  like  quantity  of  atmos- 
phere, would  be  so  great  that  the  air  would 
rush  through  the  furnace  with  great  force 
to  effect  an  equilibrium,  thereby  creating  an 
intense  draught — the  great  desideratum  in 
building  long  chimneys,  which  is  prevented 
taking  place  (the  equilibrium)  by  its  being 
rarefied  by  combustion  in  passing  through 
the  furnace. 

"  Suppose,  after  the  flue  was  filled  with 
smoke  and  rarefied  air,  the  communication 
from  the  furnace  was  cut  off  by  a  damper, 
and  another  one  opened  for  the  atmosphere 
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to  pass  into  the  Sue,  would  there  not  be  a 
very  strong  draught  into  it,  intense  at  first, 
and  progressively  diminishing  till  an  equi- 
librium was  effected  ?  The  malt  kiln  has 
large  flues  or  chambers  under  the  perforat- 
ed tiles,  into  which  the  hot  air  generated  in 
the  fire  passes,  and,  without  the  aid  of  any 
chimney,  has  a  strong  draught. 

u  The  baker's  oven,  when  heated  by  a 
fire  in  what  they  designate  a  wagon,  has  a 
very  strong  draught,  entirely  owing  to  the 
space  the  smoke  and  hot  air  has  to  spread 
in,  before  passing  to  the  chimney.  The 
same  oven,  when  heated  by  a  fire  spread  on 
the  bottom  in  the  common  way,  has  a  very 
poor  draught,  the  oven  being  converted  into 
a  fire-place  without  any  hot-air  chambers 
or  large  horizontal  flue.  The  reason  why 
the  wagon  plan  is  not  in  more  general  use, 
is  owing  to  the  wagon  being  so  soon  burnt 
out,  arising  from  the  strong  draught.  It  is 
an  almost  universally  received  opinion  that 
horizontal  flues  check  a  draught ;  but  this, 
I  conceive,  arises  from  their  being  generally 
made  of  the  same  size  as  the  flue  of  the 
chimney. 

"  Have  not  some  of  the  recent  builders  of 
long  chimneys,  to  supersede  several  smaller 
ones,  planted  them  at  some  distance  from 
their  furnaces,  and  made  a  horizontal  flue 
to  carry  all  their  draughts  to  the  chimney  ? 
and  when  they  have  turned  the  first  draught 
into  it  they  have  had  a  very  strong  one ; 
but  as  they  have  added  the  others,  the 
draught  has  progressively  diminished.  The 
width  of  the  large  chimney  is  made  too  large 
for  one  draught,  consequently  the  atmos- 
phere would  descend  the  chimney  and  create 
a  down-draught,  diminishing  the  advantage 
of  its  height  for  one  draught ;  but,  as  the 
rest  of  the  draughts  were  put  in,  the  down- 
draught  would  be  less  and  less,  and  when  all 
were  put  in,  the  smoke  and  hot  air  would 
fill  the  chimney  to  the  top,  having  the 
whole  benefit  which  its  elevation  is  supposed 
to  give, — demonstrating,  as  I  conceive,  that 
the  horizontal  flue,  which  was  constructed 
wide  for  several  flues  to  run  into,  is  the 
occasion  of  the  superior  draught,  when  only 
one  was  put  in,  and  not  the  long  chimney. 

"As  respects  the  smoke  when  it  is  pass- 
ing through  the  proposed  flue,  from  the 
great  space  it  has  to  pass  in,  it 
moves  slowly  along,  though  the  draught  is 
quick.  From  this  circumstance,  and  the 
rarefaction  of  the  air  in  it,  he  conceives  it 
will  have  time  to  condense  and  fall  to  the 
bottom  of  the  flue  before  it  arrives  at  the 


chimney.  But  to  render  this  desirable  ob- 
ject more  complete,  he  thinks  that  if  the 
condensing  ^ater  from  the  engine  was  in- 
troduced by  a  siphon  pipe  into  the  flue 
next  to  the  furnace,  and  passed  along  its 
whole  length  in  a  gutter,  and  taken  out 
near  the  chimney  by  another  siphon  pipe, 
the  steam  that  would  arise  from  the 
water  would  partly  be  absorbed  by  the 
floating  particles  of  soot,  and  sooner  fall  to 
the  bottom. 

"  The  writer,  some  time  ago,  erected  a 
flue,  or  chambers,  similar  to  what  he  has 
described,  to  destroy  coal  tar.  He  set  fire 
to  a  quantity  of  shavings  in  the  flue,  and 
then  lighted  the  coal  tar  in  the  fire-place, 
calculating  that  it  would  burn  slowly,  and 
that  the  soot  would  all  be  deposited  at  the 
bottom  of  the  flue.  When  ignited,  it 
blazed  most  furiously,  and  passed  through 
the  small  into  the  large  flue  with  such 
rapidity,  owing  to  the  intense  draught,  and 
the  flame  was  carried  such  a  distance  in, 
that  the  chamber  would  soon  have  been 
destroyed,  being  covered  with  flags,  that  he 
had  it  put  out  as  expeditiously  as  possible. 
He  then  had  small  low  arches  built  over 
the  fire-place,  leaving  out  a  brick  here  and 
there,  by  which  means  he  checked  the 
draught,  which  was  still  sufficiently  strong 
for  the  purpose,  and  not  a  particle  of  soot 
issued  from  the  chimney,  all  being  de- 
posited at  the  bottom  of  the  flue.  The 
chimney,  if  it  could  be  so  called,  was  not 
more  than  eighteen  inches  high,  and  not 
more  than  three  feet  above  the  level  of  the 
flue  from  the  fire-place. 

(Signed)         "A  Coxsta:ntt  Eeadee." 

The  writer  of  the  foregoing  letter  was  a 
well-known  engineer  in  Manchester,  and  at 
the  time  of  its  publication,  his  opinions  on 
the  subject  treated  on,  were  highly  valued 
by  several  of  the  manufacturers,  who 
placed  the  matter  in  my  hands  for  the  pur- 
pose of  investigation,  and  the  result  was 
the  following  letter  addressed  to  the  editor 
of  the  same  paper : — 

"  The  proposal  of  your  correspondent  for 
attaching  long  horizontal  flues  or  chambers 
to  steam-engine  furnaces,  if  carried  into 
effect,  so  far  from  serving  as  a  substitute 
for  long  chimneys,  would  render  them 
more  than  ever  necessary.  Nothing  can 
be  better  established  among  practical  men 
conversant  with  the  subject  than  the  fact, 
that  every  interruption  or  bend  in  the  flue 
of  a  furnace,  acts  as  a  check  to  the  draught, 
and  where   such   checks   or    interruptions 
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occur,  there  is  generally  found  a  deposit  of 
soot  or  dust,  which  otherwise  would  have 
found  its  way  through  the  flue  and  out  at 
the  chimney  top. 

"  With  respect  to  the  strong  draughts 
generally  obtained  at  a  malt-kiln  or  a  ba- 
ker's oven,  very  little  consideration  is  re- 
quired to  see  that  the  draught  in  such  cases 
depends  upon  quite  a  different  principle  to 
that  of  a  steam-engine  furnace.  In  those, 
the  draught  is,  in  great  part,  owing  to  the 
great  mass  of  brickwork  and  other  materi- 
als (generally  substances  that  retain  heat  a 
long  time)  used  in  their  construction,  be- 
coming heated  to  a  considerable  degree  at 
the  commencement,  and  from  which,  by  the 
nature  of  the  operations  carried  on,  the  heat 
is  but  slowly  abstracted.  Hence  the  veloc- 
ity of  the  current  of  air  passing  through  the 
furnace  is  accelerated  in  proportion  to  the 
length  of  the  flues,  or  area  of  heated  sur- 
face, and  a  very  small  chimney  is  therefore 
sufficient.  Whereas,  in  the  case  of  a  steam 
engine  boiler,  things  are  very  different,  for 
here  we  have  the  fire  generally  surrounded 
by  an  extensive  surface  of  iron  plate,  kept 
comparatively  cool  by  the  contained  water 
rapidly  abstracting  the  heat  in  the  genera- 
tion of  steam.  And,  in  order  that  this  ab- 
straction of  the  heat  by  the  water  should  be 
as  complete  as  possible,  before  the  smoke  is 
allowed  to  pass  off  into  the  chimney,  num- 
berless contrivances  have  been  resorted  to ; 
as  is  exemplified  in  the  multiflue  boiler  of 
Messrs.  Booth  and  Stephenson,  to  the  appli- 
cation of  which  to  locomotive  purposes,  we 
are  undoubtedly  indebted  for  the  only  effi- 
cient system  of  economical  travelling  by 
railway. 

"  You  must  easily  perceive,  that  with  any 
regard  to  economy  especially,  how  impor- 
tant it  is  in  the  generation  of  steam,  that 
the  smoke  should  leave  the  boiler  at  a  com- 
paratively low  temperature ;  and  if  so,  its 
tendency  to  ascend  must  be  very  small; 
particularly  when  you  recollect  that  carbon- 
ic acid,  which  is  one  of  the  principal  prod- 
ucts of  the  combustion  of  coal,  is  considera- 
bly heavier  than  atmospheric  air  of  the 
same  temperature.  Hence  exists  the  abso- 
lute necessity  of  assisting  the  draught  by 
the  superior  levity  of  a  column  of  heated 
air,  as  compared  to  that  of  a  similar  column 
of  the  external  atmosphere,  the  pressure  of 
which,  by  a  well-known  hydrostatical  law, 
is  in  a  certain  direct  ratio  to  its  perpendicu- 
lar height,  and  is  quite  independent  of  its 
other  dimensions. 


"  It  requires  no  theoretical  elucidation, 
and  very  little  scientific  knowledge,  to  un- 
derstand the  great  difference  there  is  in 
principle  between  the  firing  of  a  steam-en- 
gine boiler  and  the  heating  of  a  baker's 
oven.  Almost  any  one,  I  should  think, 
who  pays  common  attention  to  such  sub- 
jects must  be  aware  of  it ;  and  the  same 
may  be  said  of  a  gas  retort  furnace,  or  of  a 
brick-kiln.  In  these  it  is  the  mass  of  non- 
conducting matter  heated,  and  the  slow  ab- 
straction of  this  heat,  leaving  a  large  sur- 
plus to  pass  up  the  chimney,  which  is  the 
principal  cause  of  draught.  On  the  con- 
trary, in  the  furnace  of  a  steam-engine 
boiler,  the  largest  possible  quantity  of  heat- 
ing surface  (but  as  regards  its  effects  on 
the  draught  it  may  more  properly  be  called 
cooling  surface),  composed  of  the  best  con- 
ducting substance,  is,  or  ought  to  be,  ex- 
posed to  the  current  of  hot  air ;  consequent- 
ly the  main  flues  and  chimneys  of  such  fur- 
naces are  nearly  as  cool  as  the  external  at- 
mosphere. Therefore,  unless  an  artificial 
blast  is  used,  as  in  the  locomotives  and 
some  other  high-pressure  engines,  the 
adoption  of  long  chimneys  is  altogether  un- 
avoidable. 

"If  manufacturers  who  employ  steam- 
engines  were  at  all  likely  to  be  induced  to 
increase  so  important  an  item  of  their  ex- 
penditure as  that  of  fuel,  for  the  mere  pur- 
pose of  heating  their  chimneys — which  is 
evidently  the  principle  of  your  correspond- 
ent's scheme — it  might  be  worth  while 
showing  him  that  the  great  desideratum  of 
smoke  burning  would  thereby  be  rendered 
more  difficult  of  attainment  than  ever.  Of 
this,  indeed  any  one  who  admits  the  facts, 
which  all  must  do — that  for  burning  or  pre- 
venting smoke  we  require  an  increased  heat 
of  the  fire,  and  for  increasing  the  heat  of 
the  fire  we  require  an  increased  draught 
through  the  fire,  rather  than  through  the 
flue — it  is  only  necessary  to  observe  what 
takes  place  when  a  chimney  is  on  fire,  to  be 
convinced  of  what  I  now  state.  In  such 
case  the  draught  is  all  in  the  flue  instead  of 
the  fire-place,  where  it  ought  to  be ;  and, 
of  course,  the  heat  is  then  all  at  the  wrong 
end  of  the  chimney. 

"  That  checking  the  draught  of  a  furnace 
by  brickwork  or  other  obstructions  in  the 
flues,  may  be  termed  a  preventive  of 
smoke,  is  admitted — partly  by  causing  a 
deposit  of  soot  in  the  flues,  but  principally 
from  the  smoke  not  being  so  rapidly  gene- 
rated.    In   the   latter   particular    it   bears 
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some  resemblance  to  many  other  plans 
strongly  recommended  in  your  and  other 
papers  for  years  past,  as  I  have  no  doubt 
many  other  similar  plans  will,  for  good  and 
substantial  reasons,  independent  of  their 
merits  or  demerits,  continue  to  be  recom- 
mended for  years  to  come.  The  principle 
of  all  the  plans  we  are  alluding  to  is  the 
same,  and  equivalent  to  the  notable  expe- 
dient of  keeping  the  furnace-door  open 
until  the  fire  ceases  to  smoke.  In  other 
words,  they  amount,  in  the  generality  of 
cases,  to  a  complete  conversion  of  the  fur- 
nace, for  a  time,  to  the  condition  of  a  com- 
mon open  house-fire.  Of  course,  under 
such  circumstances,  the  prevention  of  much 
smoke  becomes  a  very  easy  matter,  for 
very  little  is  generated ;  and  owing  to  the 
same  circumstances,  I  must  also  add,  very 
little  steam ! 

(Signed) 
"  An  Advocate  foe  Long  Chimneys." 

examples  oe  engine  chimneys. 

The  Mayfield  Experimental  Chimneys. 
— The  original  design  for  the  proportions 
and  dimensions  of  this  chimney  were  made 
by  the  author  for  the  well-known  firm  of 
Thomas  Hoyle  &  Sons,  the  eminent  calico 
printers  of  Manchester,  and  the  chimney 
was  erected  for  them  by  the  equally  well- 
known  builders,  Messrs.  David  Bellhouse 
&  Sons,  of  that  city,  several  years  ago. 
Its  total  cost,  including  the  foundation, 
which  was  10  ft.  deep,  by  15  ft.  square 
at  the  bottom,  very  little  exceeded  £100. 

The  shaft  of  this  chimney  is  octagonal  in 
plan,  about  2  ft.  10J  in.  wide  externally  at 
the  top,  and  5  ft.  at  bottom.  It  stands  on 
a  pedestal  of  8  ft.  square,  which  together 
with  the  shaft  make  up  a  total  height  of  90 
ft.  from  the  ground — that  being  the  lowest 
elevation  allowed  by  the  police  regulations 
of  the  then  borough  of  Manchester.  The 
whole  height  from  the  base  of  the  founda- 
tion being  100  ft.,  and  about  88  ft.  from 
the  level  of  the  fire-grate,  which  is  the 
proper  datum  line  from  which  all  calcula- 
tion respecting  the  draught  is  to  be  taken. 
The  whole,  excepting  the  stone  cap  and 
cornice,  being  of  brickwork. 

The  shaft  has  a  batter,  externally  of  one 
inch  to  the  yard,  which  is  the  usual  rate, 
in  this  part  of  Lancashire.  In  the  northern 
and  hilly  parts  of  the  county — say  about 
Preston  and  Oldham — a  batter  of  one  and 
a  quarter  inch  to  the  yard  is  more  gene- 
rally used. 


The  work  at  the  bottom  of  the  shaft  is 
19  in.  thick,  and  that  of  the  topis  9  in.  The 
shaft  is  entirely  octagonal  inside  throughout 
down  to  the  bottom,  and  externally  to  the 
top  of  the  pedestal. 

The  internal  capacity  of  the  chimney, 
together  with  the  short  flue  connecting  it 
with  the  boiler,  to  which  it  is  attached,  is 
about  50  cubic  yards. 

The  internal  horizontal  area  of  the  nar- 
rowest part  of  the  aperture  at  the  top  of 
the  chimney  is  about  1,000  sq.  in.,  which, 
as  it  was  intended  to  make  the  chimney 
large  enough  for  about  50  horse  power, 
gives  about  20  sq.  in.  area  for  each  horse 
power;  while,  as  above  stated,  there  was 
about  one  cubic  yard  capacity  in  the  chim- 
ney for  the  same. 

Although  the  proportion  of  20  sq.  in. 
area  of  chimney  aperture,  for  each  horse 
power  of  a  steam-engine,  had  been  generally 
accounted  in  Lancashire  to  be  "  according 
to  Boulton  and  Watt,"  neither  that  nor  the 
proportion  of  a  cubic  yard  of  capacity  per 
horse  power  was  adopted  from  any 
theoretical  rule  or  previously  determined 
opinion,  excepting  that  they  were  nearly 
the  average  of  some  of  the  best  chimneys 
we  were  then  well  acquainted  with.  For, 
although  Tredgold's  rule  had  been  pub- 
lished a  few  years  previously,  and  was 
generally  considered  to  be  founded  on 
principles  pretty  nearly  correct,  it  was  very 
evident  that  author  had  not  himself  suffi- 
cient knowledge  of  the  working  of  steam- 
engines  to  enable  him  to  obtain  proper 
constants  for  the  practical  application  of 
his  own  calculations,  simple  and  admirable 
as  the  latter  generally  were.  There  only, 
in  fact,  wanted  a  more  careful  selection  of 
data  to  render  his  formulas  highly  valuable 
to  the  practical  engine-maker. 

The  proprietors  of  the  Mayfield  Print- 
works— the  intimate  friends,  disciples  and 
patrons  of  the  celebrated  John  Dalton,  the 
great  reformer  of  chemistry,  who  was  at 
the  time  of  these  experiments,  as  he  had 
been  for  some  years  previously,  our  con- 
stant visitor  and  adviser  in  scientific  matters 
— were  not  the  kind  of  men  to  be  easily  led 
astray  by  Tredgold's,  or  any  other  mere 
theoretical  rules  about  steam-engines,  how- 
ever flourishing  the  algebra  by  which  they 
might  be  surrounded.  They  had  in  fact 
wisely  resolved  to  erect  this  experimental 
chimney  for  the  very  purpose  of  acquiring 
for  themselves  accurate  experimental  knowl- 
edge and   correct  practical  data  in  all  that 
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relates  to  chimneys  and  boilers ;  including 
also,  though  not  at  the  time  an  essential 
object,  a  little  smoke  burning  by  the  way  ; 
in  all  of  which,  not  only  Tredgold,  but  most 
other  theoretical  writers  on  the  steam-engine, 
appeared  to  them  clearly  deficient. 

On  referring  to  Tredgold's  rule,  in  his 
well-known  work  "  The  Steam  Engine," 
we  found  him  recommending  what  rendered 
his  authority  entirely  nugatory  in  the  mat- 
ter of  chimneys — namely,  that  "  a  chimney 
of  double  the  size  given  by  the  rule  should 
be  built ;  "  and,  as  if  conscious  of  the  great 
inconsistency — to  say  the  least — of  giving 
us  this  kind  of  instruction,  he  adds  the  fol- 
lowing very  lame  reason :  "  because  the 
expense,"  he  states,  "  bears  a  small  ratio 
to  the  increase  of  size,  and  it  may  after- 
wards be  convenient  if  considerably  larger 
than  is  necessary  for  the  engine  it  is  erected 
for  !  "  Now,  although  Tredgold,  justly  or 
unjustly,  up  to  that  time  had  stood  foremost 
in  the  application  of  high  mathematical 
acquirements  to  the  improvement  of  the 
steam-engine,  advice  of  this  kind  necessarily 
demolished  all  confidence  in  his  book  as  a 
scientific  guide  on  the  subject  of  chimneys. 

The  extract  above  quoted  from  Tredgold 
is  followed  up  by  an  example  in  which  the 
side  of  a  square  chimney  for  a  40-horse 
engine  is  calculated  to  be  equal  to  23  in. 
"  But "  he  adds,  "  I  would  advise  to  build 
a  chimney  33  in.  square !  " 

The  rule  and  the  example,  as  given  in 
Woolhouse's  edition  of  Tredgold's  work 
(Art.  275),  published  in  1833,  after  the 
author's  death,  are  as  follows  : — 

"  Rule. — The  area  of  a  chimney  in  inches, 
for  a  low-pressure  steam  engine,  when 
above  10  horse  power,  should  be  112  times 
the  horse  power  of  the  engine,  divided  by 
the  square  root  of  the  height  of  the  chim- 
ney in  feet. 

"Example. — Eequired  the  area  of  a  chim- 
ney for  an  engine  of  40-horse  power,  the 
height  of  it  being  70  ft. 

"  In  this  case 


40  X  112 

v?o 


4480 
8.4 


533.2  sq.  in. 


The  square  root  of  this  is  23  in.,  which 
will  be  the  side  of  a  square  chimney.  Or, 
multiply  533  by  1.27,  and  extract  the  square 
root  for  the  diameter  of  a  circular  one." 

Now,  as  my  present  purpose  is  the  prac- 
tical one  of  showing  how  a  chimney  for  the 
furnace  of  a  steam-engine  boiler  ought  to 
be  built,  and  what  are  its  proportions,  in 


order  best  to  answer  the  object  in  view, 
namely,  the  obtainment  of  a  good  draught 
with  stability  and  economy — I  shall,  at  least 
in  the  first  instance,  purposely  waive  all 
theoretical  refinements  of  calculation  until  a 
rough  outline  of  the  method  of  proceeding 
be  fairly  established.  To  effect  this  in  the 
most  simple  and  direct  manner,  I  depend  far 
more  on  practice  than  theory,  on  example 
rather  than  precept — a  mode  of  procedure 
analagous  to  that  of  teaching  any  common 
mechanical  trade,  which  I  have  occasionally 
resorted  to  on  other  subjects,  with  a  certain 
measure  of  success. 

In  Weale's  large  edition  of  "  Tredgold  on 
the  Steam  Engine,"  in  4  quarto  volumes, 
1852,  edited  up  to  page  116,  by  the  late 
Professor  James  Hann,  of  King's  College, 
and  thence  up  to  page  308  by  the  present 
writer,  I  gave,  in  the  notes,  some  examples 
of  these  calculations  for  chimneys  adapted 
to  practical  data  first  discovered — at  least, 
collected  and  arranged — by  the  late  Joshua 
Milne,  Esq.,  of  Shaw,  near  Oldham,  some 
years  prior  to  the  first  publication  of  Tred- 
gold's work,  in  which  the  area  of  the  chim- 
ney is  expressed  in  square  feet  instead  of 
inches  Adapting  Tredgold's  rule  to  Mr. 
Milne's  data,  it  only  requires  the  constant 
multiplier  112  to  be  substituted  by  280,  and 
the  calculation  in  the  above  case  will  then 
stand  as  follows : 


40  X  280       11,200 


1/70 


«.i 


=  3,333  sq.  in. 


instead  of  533 ;  a  result  nearly  three  times 
as  much  as  that  obtained  by  Tredgold,  and 
the  square  root  of  which  is  36^.  in.  for  the 
side  of  the  square  chimney,  instead  of  23  in., 
as  before.  That  is  to  say,  about  3  ft.  and  2 
ft.  square,  respectively. 

It  is  obviously  much  better  to  simplify 
such  practical  rules  as  these,  by  using  the 
same  denomination  for  both  dimensions,  the 
height  and  the  area,  or  the  diameter  of  the 
chimney.  And  since  the  large  expensive 
edition  of  Tredgold  as  above  referred  to,  as 
published  by  Weale,  which  has  been  until 
recently  in  a  great  measure  a  sealed  book 
to  many  practical  men,  is  now  in  the  hands 
of  a  more  liberal  and  enterprising  publisher, 
who  has  made  it  more  accessible  by  reduc- 
ing it  to  less  than  one-half  its  former  price, 
we  have  some  pleasure  in  promoting  its 
utility  in  the  same  direction,  by  adding  here, 
as  was  partially  attempted  in  that  work,  a 
formula  which  includes  Milne's  constant, 
for  ready  computation  by  instrumental  in- 
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spectioii,  as  well  as  by  common  arithmetic, 
so  that  every  intelligent  operative  who 
honors  these  pages  by  his  perusal  and 
carries  a  slide-rule,  has  always  at  hand  a 
ready  mode  of  verifying  the  truth  of  our 
statements,  and  comparing  them  with  those 
of  Tredgold,  or  any  other  authority. 


SLIDE-RULE     FORMULA.    FOR   HORSE     POWER 
CHIMNEYS. 


OF 


Area  in  inches 


sq.  root  of  height  in  ft. 


Con-   j  Tredgold  112 
stants  1  Milne  ...   28u 


Norn  H.  Power. 


Tredgold's  example  for  a  40-horse  engine 
before  referred  to — 

A  I  Area=533in.  iTredgold's  Cons.=112i 


D  1^70=8.4  It.     I  Norn  H.  P. 
Milne's  Const.  =  280 


m 


Norn.  H.  P.     =   lfi 

In  his  arithmetical  rule,  instead  of  a 
multiplier,  Milne  used  a  divisor  for  a  con- 
stant number,  and  was  in  words  as  fol- 
lows : — 

Eule. — Multiply  the  square  root  of  the 
height  of  the  chimney  in  feet,  by  the  square 
of  its  internal  diameter  at  its  top  or 
narrowest  part  also  in  feet,  and  half  the 
product  will  be  the  nominal  horse -power 
that  the  chimney  is  equal  to. 

Taking  the  same  example  as  before,  it  is 
by  arithmetic — 


=15  45 


V70  X  (lft  llin.,  or)l  922      8.4X3, 
divided  by  'A  2 

horse  power  ;  and  by  the  slide  rule  it  is  ap- 
proximately— 


A  |Diam.l2=3. 


Cons,  divisor  2 


0  IV height  =-8.4JHorse  power  =  15.4 

After  we  first  published  these  chimney 
rules,  at  the  desire  of  Mr.  Milne,  several 
years  ago,  apprising  him  at  the  time  of  the 
wide  difference  between  his  and  Tredgold's 
results,  we  soon  found,  and  he  admitted,  that 
a  somewhat  smaller  proportion  of  chimney 
area  would  be  more  nearly  in  accordance 
with  the  general  practice  throughout  the 
country,  more  especially  where  a  better 
quality  of  coal  was  burned  than  that  ordi- 
narily used  at  the  factories  in  Oldham, 
where,  from  the  peculiar  quality  of  the 
cotton  manufacture  carried  on  there — 
spinning  coarse  cotton,  waste,  and  shoddy 
— a  larger  measure  of  work  was  usually 
allowed  for  a  nominal  horse  power  than 
elsewhere.     In  fact,  two  indicated   horse- 


power for  one  nominal,  was  then  the  regular 
Oldham  measure  for  steam-engines. 

If  we  take  Tredgold's  advice,  and  give 
double  the  area  of  chimney-top  obtained  by 
his  rule,  then  the  adoption  of  1J  instead  of 
2  for  a  constant  divisor  will  give  that  result 
which  we  may  conveniently  call  the  actual 
instead  of  the  nominal,  or  Oldham  horse 
power,  which  will  still,  as  it  ought,  be  con- 
siderably in  excess  of  the  indicated  power 
of  steam-engines  in  general. 

In  illustration  of  this,  take  — 

Example  2. — Eequired  the  number  of 
horse  power  most  suitable  in  connection 
with  the  experimental  chimney  at  Mayfield 
already  described;  the  height  above  the 
level  of  the  fire-bars  being  88  ft.,  and  the 
inside  diameter  at  the  top  2  ft.  10jj  in. 

SOLUTION   BY    SLIDE-RULE. 

(Slide  inverted  as  before.) 


Diam.  2  I'd.  11^  m.|2=2.872=8.26 


Viit.  ^a>  =9.38 
New  ConRt.  =1.15 
Answer  51  H.  P. 


Example  3. — Another  new  chimney 
erected  the  same  year,  in  the  same  works 
(Thomas  Hoyle  &  Sons),  was  3|  ft.  diame- 
ter by  40  yards  high.  Eequired  the  horse 
power  it  is  equal  to. 


SOLUTION". 


A  |  Diam.  '6\  ft. 
0 


=  12* 


:11 


Const,  number  H 


Hjrse  power  90 


Viit.  tl20> 

The  chimney  in  this  example  (3)  was 
erected  in  November  of  the  same  year,  and 
by  the  same  builder  as  that  in  Example  2. 
It  was  built  with  similar  materials  in  the 
same  manner  like  the  preceding  chimney. 
The  shaft  was  octagonal,  but  higher  in 
proportion  to  its  area  than  the  former,  for 
the  purpose  of  carrying  away  the  smoke 
from  contact  with  some  adjacent  buildings, 
and  the  cost  was  about  double  that  of  the 
experimental  chimney.  By  which  it  will 
be  seen  that  we  had  arrived  at  ^  a  fair 
average  cost  of  chimney-building  in  pro- 
portion to  the  power  capable  of  being  pro- 
duced in  that  way,  so  far  as  chimneys  of 
this  character,  and  from  30  to  40  yards 
high,  are  concerned — namely,  about  £2  per 
horse  power. 

The  very  many  practical  tests  of  various 
kinds  that  were  applied  to  these  two  chim- 
neys, during  several  successsive  years,  such 
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as  finding  that  the  second  chimney  was 
equally  applicable  to  two  as  the  first  or 
experimental  chimney  was  to  one  boiler  of 
similar  size,  not  much  over  or  under  45  or 
50  horse  each,  convinced  us  that  we  had 
approximated  near  to  the  data  we  were  in 
quest  of. 

The  Duckinfield  Bleach  Works,  Chim- 
ney and  Furnaces. — The  subject  of  our 
next  example  in  chimney  building  served 
still  further  to  corroborate  our  Mayfield  ex- 
periments in  all  respects  except  as  to  cost, 
which  of  course  greatly  diminished  "as  the 
scale  of  our  operations  became  larger. 

This  chimney  was  erected  early  in  the 
spring  of  the  year  following  the  completion 
of  those  last  named,  at  Messrs.  Hoyle  & 
Sons'  New  Bleach  Works,  then  erecting  at 
Sandy  Lane,  between  Duckinfield  and  Sta- 
leybridge. 

In  the  planning  of  the  chimney  and  flues, 
and  furnishing  the  designs,  with  all  their 
details,  and  four  large  boilers,  for  which  the 
writer  was  more  especially  engaged,  and 
which  were  expected  to  furnish  from  200  to 
300  horse  power  of  steam,  we  had  the  valu- 
able assistance  of  Mr.  John  Graham,*  after- 
wards a  member  of  tho  firm,  and  whose 
eminent  talents  as  a  scientific  and  practical 
chemist  are  generally  known — as  we  also 
previously  had  the  cordial  assistance,  gen- 
eral concurrence  and  approval  of  the  late 
Mr.  Alfred  Binyon,  the  then  managing 
partner. 

Example  4. — The  Duckinfield  Bleach 
Works  chimney  was  made  45  yards  high 
by  6  ft.  inside  diameter  at  the  top.  Re- 
quired the  horse  power  it  is  equal  to. 

SOLUTION. 
A  I  Diam.  6  ft.  |2  =36  New  constant  =  \\ 


q  [v/ht.  ^135  ft.J  =  11 .6  Horse  power  =  27b 
Milne's  Const.      2 


2Utf 


The  above  slide-rule  solution  for  the 
power  of  this  chimney  gives  two  answers  to 
the  question — namely,  278  and  208  horse 
power,  respectively,  according  as  the  new 
constant  1J,  or  Milne's  old  constant  2,  are 


*  See  a  valuable  paper  by  this  gentleman  in  vol.  xv.  of  the 
"Transactions  of  the  Literary  and  Philosophical  Society  of 
Manchester,"  for  the  years  1857-8.  A  portion  of  it  was  also 
republished  ia  the  "Engineer"  newspaper  for  March  12,  1858, 
which  gave  an  account  of  a  series  ot  evaporating  experiments, 
made  for  the  purpose  of  testing  the  economy  of  fuel  and  man- 
agement effected  at  these  boilers  and  furnaces  through  a  series 
of  successive  years,  which  will  well  repay  perusal,  and  will  be 
further  adverted  to  in  a  subsequent  part  or  appendix  to  this 
work. 


used  as  gauge  points.  In  this  case  the  lat- 
ter was  preferred,  as  giving  the  most  cor- 
rect result,  by  reason  of  the  kind  of  fuel  in- 
tended to  be  consumed  being  of  the  same  or 
similar  inferior  quality  to  that  already  re- 
ferred to  as  being  in  general  use  withia  the 
parish  of  Oldham,  to  which  these  works 
were  nearly  adjoining.  Facility  in  obtain- 
ing this  cheap  fuel — known  as  "burgey" 
and  "  slack  " — being  one  of  the  chief  rea- 
sons for  erecting  the  works  in  this  particu- 
lar locality. 

THE   EXPERIMENTAL   BOILERS. 

In  the  collection  of  data  for  steam-engine 
chimneys,  it  would  be  a  great  omission  to 
leave  out  the  particular  dimensions  of  the 
boiler,  to  cause  the  efficient  working  of 
which  is,  in  fact,  the  only  profitable  work 
the  chimney  has  to  do. 

The  boiler,  for  which  the  Mayfield  ex- 
perimental chimney  was  erected,  was  de- 
signed by  the  writer,  as  was  also  the  chim- 
ney, as  already  stated,  specially  for  experi- 
mental purposes,  in  acqujring  all  practical 
information  on  the  subject  previous  to 
commencing  the  construction  of  Messrs. 
Hoyle  &  Sons'  new  Bleaching  and  Calico- 
printing  Works  at  Duckinfield,  near  Staley- 
bridge.  For  this  purpose  I  did  not  hesitate 
to  recommend  the  plainest  and  simplest 
form  of  boiler  that  can  be  conceived — 
namely,  a  plain  cylinder,  laid  horizontally, 
or  nearly  so,  with  the  fire  to  go  underneath 
it  at  one  end,  and  out  to  the  chimney  at  the 
other,  which  may  now  be  described. 

This  experimental  boiler  was  of  the 
"direct  draught"  kind,  that  is,  without  re- 
turn flues,  and  this  one  had  no  flues  of  any 
kind,  either  inside  or  out.  The  boiler 
and  chimney  were,  therefore  both  of  the 
simplest  possible  kind,  and  for  that  reason, 
made  mutual  tests  of  their  respective  capa- 
bilities through  a  long  series  of  very  accu- 
rate experiments  relative  to  economy  of  fuel, 
as  well  as  to  the  efficiency  of  various 
methods  of  smoke  prevention,  or  smoke 
burning,  as  it  was  then  popularly  termed, 
and  other  matters  of  interest  to  the  pro- 
prietors. Improvments  in  smoke  preven- 
tion especially  were  freely  invited  from  all 
quarters,  and  this  was  the  boiler  at  which 
very  many  different  plans  for  the  purpose 
were  tried. 

This  kind  of  boiler  was  fully  described  in 
the  author's  "  Essay  on  the  Boilers  of  Steam 
Engines  "  (1839),  and  the  principal  dimen- 
sions of  this  one,  as  there  given,  need  only 
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be  shortly  referred  to  here.  It  was  in 
shape  cylindrical,  and  fully  equal  to  30 
horse  power,  being  33 \  ft.  long  by  5 J  di- 
ameter, and  "  set  up,"  or  rather  hung,  by 
means  of  cast-iron  brackets  riveted  to  the 
sides,  and  resting  on  the  side  walls  of  the 
furnace,  so  that  the  whole  of  the  lower  half 
of  its  convex  surface,  about  32  square 
yards,  was  exposed  to  the  direct  action  of 
the  fire  and  flame. 

The  fire-grate,  placed  about  22  in.  below 
the  bottom  of  the  boiler,  was  5^-  ft.  square, 
or  equal  to  about  30  sq.  ft.  in  area,  and 
was  composed  of  one  length  of  fire-bars, 
each  If  in.  thick  on  the  face,  with  air- 
spaces of  T5^-  to  £  of  an  inch  wide  between 
them. 

This  boiler  supplied  steam  to  an  old 
Boulton  and  Watt  condensing  engine  of  16- 
horse  power,  by  Messrs.  Sherratt,  of  Sal- 
ford,  loaded  so  as  to  require  seldom  less 
than  24  cubic  feet  of  water  to  be  evaporated 
per  hour  at  a  pressure  of  exactly  4  lbs.  per 
sq.  in.  It  also  supplied  steam  for  heating 
drying  cylinders,  for  boiling  water,  and  for 
a  great  variety  of  other  purposes,  amount- 
ing at  times  to  nearly  as  much  as  the  engine 
required  itself.  The  least  average  evapora- 
tion for  a  whole  day  together  was  33,  and 
the  greatest  45  cubic  feet  per  hour.  The 
lower  amount  was,  of  course,  obtained  at 
the  most  economical  rate,  namely,  at  about 
6  lbs.  of  water  evaporated  for  each  pound  of 
common  coal  burned.  It  was,  therefore, 
considered  to  be  full  30-horse  power.  A 
cubic  foot  of  water  evaporated  per  hour 
being  generally  considered  amply  sufficient 
to  supply  steam  for  each  horse  power  (nom- 
inal) of  a  Boulton  and  Watt  or  low-pressure 
engine  in  good  order,  however  it  might  be 
at  times  overloaded. 

Although  this  evaporation  of  a  cubic  foot, 
or  a  little  over  six  imperial  gallons  of  water, 
of  10  lbs.  each,  is  what  boilermakers  have 
universally,  and  practical  engineers  com- 
monly, agreed  to  consider  nominally  a  boiler 
horse  power,  there  is  no  doubt,  however, 
that  the  same  weight  of  water,  as  steam,  at 
a  higher  pressure  can  easily  be,  and  is  fre- 
quently, made  to  work  two  or  three  indi- 
cated horse  power  in  a  modern  steam- 
engine,  accordingly  as  the  latter  is  arranged 
to  work  to  a  greater  or  less  extent  expan- 
sively. 

This  boiler  was  made  of  Low  Moor  iron 
■fs  in.  thick,  except  the  bottom  row  of 
plates,  which  were  -§  in.  and  the  flat  ends 
y7^,  by  Mr.  Fairbairn,  of  Manchester,  who 


had  just  previously  commenced  the  boiler- 
making  business,  and  was  then  a  staunch 
advocate  for  introducing  the  long  Cornish 
high-pressure  boiler,  with  its  one  large  in- 
ternal furnace-flue,  and  single  furnace- 
grate.  Instead  of  that  kind  of  boiler,  now 
much  less  used,  except  in  Wales  and  Corn- 
wall, I  persisted  in  advising  the  simple  and 
elementary  form  of  boiler  now  described. 
It  was  also  suspended  by  bracket  flanges  in 
the  cheap  and  simple  manner  above  men- 
tioned, in  accordance  with  the  universal 
dogma  of  its  strictly  utilitarian  owners, 
which  in  this,  as  in  all  other  business  mat- 
ters connected  with  the  works,  was  never 
lost  sight  of  for  a  moment, — in  order  that 
any  alterations  or  improvements  that  might 
be  found  expedient,  either  in  the  construc- 
tion of  the  boiler,  or  erection  of  the  brick- 
work, might  be  in  the  shape  of  additions 
merely,  and  therefor  capable  of  being  sep- 
arately proved,  both  as  to  first  cost  and 
utility,  and  also  that  our  experiments  might 
be  carried  on  for  a  sufficient  length  of  time, 
without  the  usual  liability  to  interruption 
from  the  necessity  of  cleaning  out  of  flues 
or  otherwise. 

The  last-mentioned  particular  in  the  erec- 
tion of  this  boiler  was  of  considerable  im- 
portance in  thus  attaining  the  main  object 
we  had  in  view,  as  well  as  in  accomplishing 
another  object  greatly  desired  by  the  ben- 
evolent proprietors  of  the  works,  that  of 
doing  away  with  the  degrading  practice  of 
sweeping  out  the  flues  by  means  of  men,  or 
rather  boys,  crawling  through  them. 

Trifling  as  a  small  matter  of  this  kind 
may  appear  to  some,  it  is  important  to  show 
that,  in  this  instance  at  least,  it  was  attend- 
ed by  considerable  economy.  Cast-iron 
lugs  or  brackets,  with  broad  flanges,  were 
riveted  along  each  side  of  the  boiler,  a  little 
above  the  intended  surface  level  of  the 
water,  and  these  brackets  rested  on  the  tops 
of  the  two  vertical  side  walls  of  the  furnace 
and  flame-bed.  The  boiler  thus  suspended 
between  the  two  side  walls  was  then  ad- 
justed, not  quite  horizontally,  but  slightly 
inclined,  with  a  fall  of  about  8  in.  towards 
the  front  end,  so  that  a  greater  proportion 
of  the  water  was  brought  immediately  over 
the  fire-grate. 

Thi s  arrangement  of  the  flame-bed  and 
seating,  or  side  walls,  of  the  boiler,  formed 
a  chamber  or  receptacle,  large  enough  to 
hold  all  the  flue-dust  and  dirt  that  could  be 
found  from  the  use  of  any  kind  of  coal 
whatever,  for  a  considerable  time.    In  fact, 
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although  the  boiler  was  every  day  at  work, 
the  flame-bed  did  not  require  any  cleaning 
out,  even  at  the  end  of  nearly  two  years, — 
when,  as  an  opportunity  occurred,  several 
cart-loads  of  flue-dust  were  removed  from 
under  the  boiler  at  one  time.  The  occasion 
of  having  this  operation  performed,  dis- 
covered to  us  a  circumstance,  which  is  some- 
times the  cause  of  great  disappointment  to 
the  expectations  of  parties  who,  for  the  first 
time,  have  boilers  erected  on  this  direct 
draught  plan,  which  requires  an  explana- 
in  this  place. 

At  all  direct  draught  boilers,  it  is  usual 
to  have,  and  highly  necessary  that  there 
should  be,  two  or  more  transverse  "  check  " 
or  flame-bridges,  in  addition  to  the  ordinary 
fire-bridge,  carried  up  to  within  6  or  7  in. 
of  the  boiler  bottom ;  but  m  this  case,  there 
was,  in  the  first  instance,  only  one  of  these 
additional  bridges,  and  the  man  employed 
to  get  out  the  flue-dust  had,  in  order  to 
make  an  easier  passage  for  himself,  removed 
two  or  three  courses  of  brick-work  from  the 
top  of  the  flame-bridge,  and  neglected  to 
replace  them  again.  The  consequence  was, 
that  on  the  boiler  commencing  work  again, 
a  clear  loss  of  15  per  cent,  in  fuel  was  de- 
tected immediately,  besides  the  overheating 
of  the  damper-plate  and  brickwork  of  the 
chimney  entrance,  which  evils  were,  of 
course,  quickly  rectified  by  replacing  the 
brickwork.  Although  no  very  great  nicety 
is  required  in  adjusting  the  height  of  these 
flame-bridges,  and  an  inch  or  two  higher  or 
lower  may  not  make  much  difference  in  the 
economy  of  fuel ;  but  the  extent  of  8  or  9 
in.  in  depth  of  the  air  passage  over  them, 
when  there  is  already  a  depth  of  the  same 
extent  in  the  throat  area  over  the  furnace- 
bridge,  will  at  any  time  cause  an  exorbitant 
waste  of  fuel. 

The  fact  of  an  error  of  this  kind,  which 
is  very  liable  to  be  passed  over  unnoticed 
by  ordinary  bricklayers  and  boiler-setters, 
unless  very  carefully  supervised,  has  been 
frequently  the  occasion  of  much  error  in 
experiments  on  the  economy  of  fuel.  It  is 
all  the  more  necessary  to  mention  the 
above  circumstances  here,  because,  since 
my  description  of  the  direct  draught  method 
of  setting  boilers  was  first  published  in 
1837-8,  I  have  occasionally  had  complaints 
from  parties  who  had  been  induced  to 
adopt  the  direct  plan,  but  had  not  suc- 
ceeded in  realizing  any  moderate  measure 
of  economy  therefrom,  and  had,  in  conse- 
quence, too  readily,  or  without  sufficient  ex- 


amination, given  it  up,  and  returned  again 
to  the  wheel-draught,  narrow  flue  system, 
with  its  little  army  of  chimney-sweeps, 
boiler-menders,  and  laborers,  and  all  its 
other  disagreeable  and  expensive  accom- 
paniments of  Sunday  work,  over-work,  and 
night-work.  It  is,  however,  but  fair  to 
state  that  extreme  cases  of  this  kind  have 
been  mostly  confined  to  the  South  of  Eng- 
land and  the  metropolis,  where  the  ex- 
travagant use  of  flaming  Newcastle  or 
Hartley  coal,  with  very  much  unnecessary 
stoking  of  the  fires,  is  still  continued. 
These  results  have  been  helped  not  a  little, 
perhaps,  by  the  prognostications  of  many 
of  the  old  school  of  bricklayers,  that  the 
direct  draught  plan  would  "send  all  the 
heat  up  the  chimney,"  and  who  too  often 
testify  their  sincerity  in  such  a  belief  by 
taking  especial  care  to  build  their  chimneys 
and  flues  very  narrow  and  very  crooked. 

The  prejudices  of  some  of  the  attendants 
of  engines  in  London  in  favor  of  much 
stoking  and  hard  firing,  which  is  literally 
working  hard  at  wasting  coal,  are  difficult 
to  account  for,  especially  when  found 
among  persons  not  notorious  for  working 
hard  at  anything  else ;  but  a  residence 
among  them  of  any  one  whose  business  is 
to  save  fuel,  will  very  soon  convince  him  of 
the  fact.  Hence  a  more  careful  attention 
to  the  condition  of  all  the  bridges  under  a 
boiler  is  a  necessity  which  ought  never  to 
be  neglected. 

INSTEUCTIONS  TO  STOKEES. 

1.  Engineers  and  firemen  who  would  keep 
steam  with  economy,  should  do  with  as  lit- 
tle stoking  or  stirring  of  the  fire  as  possible, 
if  any.  In  order  to  do  so,  they  should  see 
before  starting  that  the  furnace  is  properly 
constructed  for  the  purpose,  and  large 
enough  for  the  quantity  of  steam  required. 
The  fire-grate  should  have  about  1  sq.  ft.  of 
effective  fire-bar  surface  for  each  nominal 
hors'e-power  of  the  engine,  or  for  each  cubic 
foot  of  water  required  to  be  boiled  away  per 
hour.  The  fire-bars  may  be  from  \  to  f  in. 
thick  on  the  face  with  \  to  f-in.  draught 
spaces  between  them,  and  with  joggles  to 
keep  them  asunder  nearly  the  whole  depth 
of  the  bar.  The  boiler  should  have,  at 
least,  8  or  10  sq.  ft.  of  heating  surface  per 
horse,  and  the  chimney  should  be  of  suffi- 
cient capacity  to  create  a  draught  into  the 
furnace  equal  to  the  pressure  of  a  column 
of  water  f  to  |  in.  deep,  when  the  damper 
is  set  wide  open. 
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2.  In  firing,  spread  the  large  and  small 
coals  (equally  mixed)  on  all  parts  of  the 
grate,  thicker  at  the  back  of  the  grate  near 
the  bridge  than  at  the  front,  because  the 
draught  is  there  the  strongest,  and  the  coals 
burn  away  the  quickest. 

3.  The  fire  shoufd  never  be  less  than 
about  3  or  4  inches  thick  in  the  middle  of 
its  length,  2  or  3  in.  in  front,  and  6  or  8  in. 
at  the  back  of  the  grate,  In  no  case  should 
the  fire  exceed  double  the  depth  here  stated  ; 
and  never  more  than  two-thirds  of  the  fire- 
grate should  be  entirely  covered  with  fresh 
coals  at  one  time. 

4.  If  a  regularly  uniform  supply  of  steam 
is  required  and  the  damper  quite  up,  the 
quantity  of  fuel  on  the  grate  may  be  grad- 
ually increased;  but  when  an  increasing 
quantity  of  steam  is  wanted,  the  average 
thickness  or  quantity  of  fuel  on  the  grate 
must  not  then  be  increased,  but  ought  rath- 
er to  be  diminished,  and  supplied  by  small- 
er quantities  at  a  time,  and  more  frequently. 
So  soon,  however,  as  the  supply  of  steam 
exceeds  the  demand,  the  coal  must  again  be 
supplied  by  larger  quantities  at  a  time,  reg- 
ularly increasing  the  quantity  of  fuel  in  the 
grate  as  before.  On  the  other  hand,  when 
a  diminished  supply  of  steam  is  required, 
close  the  damper  a  little,  and  take  the 
opportunity  of  levelling  the  fire  or  cleaning 
the  fire-bars,  doing  one-half  of  the  grate  at 
a  time. 

5.  A  steam-engine  furnace  worked  in 
this  way  will  make  very  little  smoke  ;  or,  if 
any,  it  may  be  prevented  when  desirable 
by  opening  the  fire-door  2  or  3  in.  for  1  or 
2  min.  after  each  firing.  Bearing  in  mind 
that  the  production  of  steam  is  commonly 
lessened  by  doing  so,  but  so  is  the  consump- 
tion of  the  fuel. 

6.  Stokers  should  understand  that  they 
are  not  to  make  a  business  of  "  stoking," 
but  to  leave  it  off  entirely,  excepting  only 
when  preparing  to  clear  out  the  grate  from 
clinkers  and  rubbish,  which  requires  to  be 
done  generally  three  or  four  times  a  day 
with  average  qualities  of  coal ;  convenient 
times  being  chosen  for  the  purpose  when 
there  is  the  least  demand  for  steam. 

7.  A  fireman's  business  is,  first,  to  see, 
before  the  fire-door  is  opened,  that  no  coal 
is  left  in  the  heap  ready  for  going  on  big- 
ger than  a  man's  fist ;  and  that  very  small 
coal  or  slack  is  wetted,  or  at  least  damp,  as 
well  as  a  little  water  always  in  the  ash-pit. 
Then  begin  by  charging  into  the  farther 
end   of  the  furnace,  reaching  to  about  one- 
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third  the  length  of  the  grate  from  the 
bridge,  as  rapidly  as  possible,  from  a  dozen 
to  twenty  or  thirty  spadefuls  of  coals,  until 
they  form  a  bank  reaching  nearly  or  quite 
up  to  the  top  of  the  bridge,  and  then  shut 
the  fire-door,  until  the  other  fires,  if  there 
are  any,  are  served  in  the  same  way. 

8.  In  firing  up,  throw  the  coals  over  the 
rest  of  the  grate  by  scattering  them  evenly 
from  side  to  side,  but  thinner  at  the  front, 
near  the  dead  plate,  than  at  the  middle  or 
back.  In  this  manner  keep  the  fuel  mode- 
rately thick  and  level  across  the  bars,  but 
always  thicker  at  the  back  than  the  front, 
not  by  pushing  the  fire  in,  but  by  throwing 
the  coals  on  exactly  where  they  are 
wranted. 

9.  Never  for  a  moment  leave  any  por- 
tion of  the  bars  uncovered,  which  must  be 
prevented  by  throwing  or  pitching  a  spade- 
ful of  coals  right  into  any  hollow  or  thin 
place  that  appears ;  and  always  remember 
that  three  or  four  spadefuls  thrown  quickly 
one  on  the  top  of  the  other,  will  make  no 
more  smoke  than  one,  and  generally  less. 
But  all  depends  on  doing  it  quickly  ;  that 
being  the  main,  if  not  the  only  point  in 
which  freedom  from  smoke  and  economy  of 
fuel  agree.  Some  firemen  only  put  on  three 
spadefuls,  while  another  can  put  on  four, 
and  make  20  per  cent,  more  steam  in  the 
same  time  by  doing  it. 

10.  In  replenishing  the  fire,  take  every 
opportunity  of  keeping  up  the  bank  of  fuel 
at  the  bridge,  by  re-charging  it,  one  side  at 
a  time.  Whenever  this  bank  is  burnt  en- 
tirely through,  or  low,  and  also  when  the 
fire  is  in  a  low  state  generally,  take  the 
rake  and  draw  back  the  half-burnt  fuel,  12 
or  18  in.  from  the  bridge,  and  re-charge 
fresh  coal  into  its  place,  upon  the  bare  fire- 
bars as  at  first. 

11.  An  engine  fire  tended  in  this  way 
will  consume  its  own  smoke  without  diffi- 
culty, simply  by  admitting  a  very  moderate 
supply  of  air  (which  for  safety  to  the  boiler 
should  be  heated;  at  the  bridge,  this  being 
a  more  certain  and  economical  mode  of 
prevention  than  that  of  diluting  the  smoke 
by  the  admission  of  much  cold  air  at  the 
fire-doors. 

12.  It  may  be  set  down  as  an  axiom  that 
a  steam-engine  chimney  cannot  be  too 
large,  if  only  provided  with  a  damper,  al- 
though ninety-nine  in  one  hundred,  at  the 
present  time,  are  decidedly  too  small. 
They  are  unable  to  create  a  sufficient 
draught  of  air  through  the  furnace,  conse- 
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quently  a  smoky  flame  is  produced,  instead 
of  a  flame  with  little  or  no  smoke. 

13.  Want  of  chimney  draught  is  a  defect 
which  no  smoke- consuming  furnace  in  the 
world  can  remedy,  whether  using  hot  air 
or  cold,  unless  by  the  application  of  an 
artificial  blast,  which  commonly  costs  as 
much  to  work  as  the  heat  it  creates  is 
worth. 

14.  It  being  impossible  to  consume 
smoke  without  great  heat,  which  requires  a 
good  draught,  and  difficult  to  get  a  good 
draught  without  a  large  chimney,  I  here 
set  down  a  table  of  chimney  proportions, 
which  have  been  practically  proved  to 
answer  well  with  the  inferior  steam  coal  of 
the  manufacturing  and  midland  districts 
for  many  years  past.  It  is  true  that  some- 
what smaller  dimensions  might  serve  where 
the  extravagant  use  of  Newcastle  coal  is 
still  continued,  as  in  London;  but  even 
here  those  dimensions  and  proportions 
ought  to  be  adhered  to,  because  of  the  con- 
stant tendency  to  increase  the  engine  and 
boiler  power,  while  the  same  brick  chim- 
ney remains.  For  similar  reasons  I  com- 
mence with  a  chimney  suitable  for  a  10- 


horse  boiler,  although  a  5,  or  even  a  2- 
horse  engine  only,  may  be  required. 


Height  of  Chimney. 

Inside 

Diameter  at 

Top. 

Nominal 

Horse- power 

of  Boiler. 

20  yards 

1  ft.  6  in. 
1  "  8  " 

1  "10  " 

2  '"  0  " 

2  •«   6  «' 

3  "  0  » 

3  "  6  " 

4  "  0  " 

4  "  6  " 

5  "  0  " 

5  "  6  " 

6  "  0  " 

10 

25     "      

12 

30     "     

16 

33     "     

20 

35     «'     

30 

40     "     

50 

40     " 

70 

40     "     

90 

45     "     

120 

50     "     

160 

55     "     

200 

60     "     ..." 

250 

15.  A  common  low-pressure  condensing 
engine  is  usually  overloaded  when  it  has 
less  than  25  circular  in.  in  the  cylinder 
for  each  nominal  horse-power  ;  and  a  high- 
pressure  non-condensing  engine  ought  to 
have  from  10  to  12 J,  and  to  be  worked  at 
double  the  effective  pressure,  at  the  least, 
of  the  former,  — say  3D  to  40  lbs.  per  square 
inch  in  the  boiler. 


ON  THE  DISABILITY  AND  PEESEEVATION  OF  IEON  SHIPS,  AND 

ON  EIYETED  JOINTS. 


BY  Sir  WILLIAM  FAIRBAIRN,  Bakt.,  F.R.S. 
From  "  Iron." 


The  disaster  which  happened  to  the 
Megcera  shows  the  need  of  constant  in-  j 
6pection  of  all  iron  structures.  That  vessel 
was  built  by  the  author  in  1849,  and,  in  j 
his  opinion,  would  have  -been  perfectly  j 
sound  at  the  present  time  if  her  interior  had 
been  freely  open  to  inspection,  and  if  such 
inspection  had  been  regularly  carried  out. 
Some  years  ago  an  alarming  report  was 
circulated  as  to  the  corrosion  of  the  Menai 
Bridge.  The  author,  on  that  occasion, 
visited  the  bridge,  and  found  that  no  corro- 
sion had  taken  place ;  careful  attention  to 
proper  means  of  prevention  having  been 
sufficient  to  preserve  the  structure.  As  re- 
gards steamships,  the  value  of  periodical 
inspection  has  been  long  proved ;  and  it  is 
to  be  hoped  that  the  Admiralty  and  private 
shipowners  will  soon  recognize  the  extreme 
importance  of  similar  inspections  of  all 
iron  vessels. 

As  respects  riveted  joints,  machine-rivet- 
ing  gives    (in   the   author's    opinion)    far 


greater  security  to  the  work  than  hand- 
riveting,  since,  in  machine-riveting,  there 
is  much  greater  certainty  of  the  holes  being 
properly  filled  by  the  rivet.  The  rate  at 
which  riveting  can  be  done  is  sixteen 
rivets  per  minute  with  a  lever  riveting  ma- 
chine, ten  rivets  per  minute  with  a  steam 
riveting  machine,  and  0.66  rivet  per 
minute  when  the  riveting  is  done  by  hand. 
In  every  respect,  therefore,  the  advantage 
is  on  the  side  of  the  machine. 

In  1860,  the  author  communicated  to  the 
Royal  Society  a  series  of  experiments  on 
the  strength  of  riveted  joints.  Those  ex- 
periments showed  that,  taking  the  strength 
of  a  solid  plate  at  100,  the  strength  of  an 
equal  width  of  riveted  joint  would  be  70  if 
the  joint  were  double  riveted,  and  56  if  the 
joint  were  single  riveted :  in  other  words, 
30  per  cent,  of  strength  is  lost  in  a  double 
riveted  joint,  and  44  per  cent,  in  a  single 
riveted  joint. 

Since  that  time  it  has  appeared  to  some 
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engineers  that  the  process  of  punching  was 
injurious  to  the  plates,  and  in  many  cases 
recourse  had  been  had  to  drilling  to  form 
the  holes  for  the  rivets. 

On  this  point  the  author  is  completely  of 
opinion  that,  with  good  iron,  no  sensible 
injury  can  possibly  result  to  the  plates  from 
punching  the  rivet  holes;  on  the  other 
hand,  with  rigid  and  bad  plates,  the  plate 
would  undoubtedly  crack  between  the  rivet 
holes,  and  would  therefore  have  to  be  dis- 
carded, a  result  rather  to  be  hoped  for 
than  to  be  deprecated.  To  the  author's 
mind  it  is  one  of  the  distinct  advantages  of 
the  punching  process,  that  it  thus  tests  the 
quality  of  the  iron  which  is  operated  on. 

It  had  been  found  in  certain  cases  that 
the  rivets  sheared  across  with  a  less  force 
when   in   drilled  than  when    in    punched 


holes,  and  this  had  been  attributed  to  the 
sharpness  of  the  edges  of  the  drilled  holes. 
This  point  seemed  to  require  investigation, 
and  experiments  to  elucidate  the  matter 
have  therefore  been  made. 

The  theory  that  the  sharp  edges  of 
drilled  holes  induced  a  cutting  action, 
which  diminished  the  strength  of  the  rivets, 
suggested  to  Colonel  Inglis,  E.  E.,  to  try 
whether  a  greater  resistance  in  the  joint 
could  be  obtained  by  purposely  rounding 
oif  the  edges  of  the  rivet  holes.  Some  ex- 
periments were  therefore  made  by  Mr. 
Kirkaldy  for  Colonel  Inglis.  The  result  of 
these  appeared  to  be  that  the  resistance  of 
the  rivet  was  increased  10  per  cent,  by  this 
rounding  of  the  edges  of  the  rivet  holes. 

The  following  table  is  the  summary  of 
results  obtained  by  the  author : — 


Number 

Diameter 

Sectional 

Shearing 

Shearing 

Elonga- 

of 
Experi- 

of 

area  of 

resistance 
of 

resistance 
per  square 

tion  of 

Remarks. 

ment. 

Rivet. 

Rivet. 

Rivet. 

Inch. 

Joint, 

Inch 
decimals. 

Sq.  Inch, 
decimals. 

Tons. 

Tons. 

Inch 
decimals. 

1. 

.84 

.554 

10.819 

19.528 

.190 

Single  shear,  pnnched  holes,  machine  riveted. 

2. 

.82 

.528 

10.879 

20.606 

.272 

Single  shear,  pnnched  holes,  hand  riveted. 

3. 

.84 

.554 

10.257 

18.514 

168 

Single  shear,  drilled  holes,  machine  riveted 

4. 

.82 

.528 

10.739 

20  339 

.190 

Single  shear,  drilled  holes,  hand  riveted. 

5. 

.82 

.554 

11.221 

20.254 

.270 

Single  shear,  drilled,  edges  of  plates  rounded, 
machine  riveted. 

6. 

.82 

.528 

11  192 

21.197 

.240 

Single  shear,  punched  and  countersunk,  hand 
riveted. 

7. 

.84 

.554 

10.850 

19.584 

.160 

Single  shear,  drilled  and  countersunk,  machine 
riveted. 

8. 

.82 

.528 

11.234 

21.276 

.288 

Single  shear,  drilled,  edges  rounded,  counter- 
sunk, hand  riveted. 

9. 

.82 

.528 

23.375 

44  270 

.340 

Double  shear,  punched,  hand  riveted. 
Double  shear,  drilled,  hand  riveted. 

10. 

.82 

.528 

20.684 

39.174 

.232 

11. 

.82 

.528 

24.313 

46.047 

.482 

Double  shear,  drilled,  edges  rounded,  hand 
riveted. 

12. 

.82 

.528 

26.464 

50.121 

.  ..* 

Double  shear,  drilled,  edges  rounded  and  coun- 
tersunk, hand  riveted. 

The  general  conclusions  drawn  by  the 
author  from  these  experiments  are  as 
follows  : — 

1.  Joints,  with  drilled  holes,  are  weaker, 
and  elongate  less  before  fracture,  than 
joints  with  punched  holes.  The  average 
of  four  experiments  in  joints  with  drilled 
holes,  compared  with  the  average  of  four 
experiments  in  joints  with  punched  holes, 
shows  that  the  rivets  in  the  former  are 
1.36  ton  per  square  inch,  or  6^  per  cent., 
weaker  than  the  rivets  in  the  latter.  The 
elongation  is  also  26  per  cent,  less  with 
drilled  than  with  punched  holes. 

*  This  rivet  did  not  shear.    The  plate  broke  away. 


I      2.  Hand-riveted    joints    are    somewhat 
'  stronger  than  machine-riveted  joints. 

The  mean  of  three  experiments  on  hand- 

I  riveted  joints,  compared  with  the  mean  of 

j  three  experiments  on  machine-riveted  joints, 

!  shows  an  excess  of  shearing  resistance  in 

i  the    rivets    in     the     hand-riveted    joints, 

amounting  to  1.495  ton  per  square  inch,  or, 

7i  per  cent.     The  hand-riveted  joint  aUo 

elongates    26    per    cent,    more    than    the 

machine-riveted  joints. 

3.  There  is  a  decided  increase  in  the 
strength  of  the  rivet  when  the  edges  of  the 
rivet  holes  are  rounded,  so  as  to  diminish 
their  cutting  action. 

The  mean  of  three  experiments  on  joints 
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of  rounded  holes,  compared  with  the  mean 
of  three  experiments  on  joints  with  un- 
rounded punched  holes,  and  with  the  mean 
of  three  experiments  on  joints  with  un- 
round d  drilled  holes,  gives  the   following 

results  :  Shearing  resistance 

of  rivet. 

Rounded  holes 21.517  tons  per  sq.  in. 

T.  ,*  ,1  i    i        (punched... 20. 953        "        " 

Unrounded  holes,  j  drilled... .  19.228        "        " 

This  shows  that  the  joint  with  rounded 
holes  is,  as  regards  the  resistance  of  the 
rivet,  12  per  cent,  stronger  than  the  joint 
with  drilled  holes,  but  only  2f  per  cent, 
stronger  than  the  joint  with  punched 
holes. 

As  regards  the  apparent  superiority  of 
hand-riveting  as  compared  with  machine- 
riveting,  this  is  due  to  the  fact  that  in 
hand-riveted  joints  the  rivet  is  slightly 
hardened  by  being  hammered  after  it  is 
cold.  In  small  experimental  joints  hand- 
riveting  has,  therefore,  a  slight  advantage 
in  point  of  strength;  but  the  defects  of 
hand-riveting  are  not  likely  to  be  exhibited 
in  experiments  on  a  small  scale. 

These  experiments  seem  conclusive  as  to 
the  inferiority  of  joints  with  drilled  holes  ; 
and  the  author  must  reiterate  his  conviction 
that  the  force  used  in  punching  plates  is  a 
practical  test  of  their  quality  of  great  im- 
portance, since  it  tends  to  prevent  the  use 
of  inferior  iron. 

A  riveted  joint  may  give  way  in  three 
different  modes  : — 1.  By  the  tearing  of  the 
plates  from  the  rivet  holes  to  the  edges  of 
the  plates.  2.  By  the  tearing  of  the  plates 
from  rivet  hole  to  rivet  hole.  3.  By  the 
shearing  of  the  rivet. 

When  the  plate  gives  way  by  tearing 
from  the  riyet  hole  to  the  edge  of  the  plate, 
a  bending  stress  is  induced  in  the  part  of 
the  plate  in  front  of  the  rivet.    The  amount 


of  that  bending  stress  is  approximately  esti- 
mated, and  a  rule  found  for  the  distance  of 
the  rivet  hole  from  the  edge  of  the  plate. 

When  the  plate  gives  way  by  tearing 
from  rivet  hole  to  rivet  hole,  it  is  com- 
monly assumed  that  the  stress  on  the  part 
of  the  plate  between  the  rivets  is  a  uni- 
formly distributed  stress.  This  is  not 
strightly  correct.  The  want  of  uniformity 
of  stress  will  cause  the  plate  to  give  way 
with  a  lower  average  intensity  of  stress 
than  that  which  corresponds  to  the  ultimate 
resistance  of  the  plate  to  tension.  How 
much  the  plate  may  be  weakened  by  the 
want  of  uniformity  in  the  distribution  of 
the  stress  it  is  impossible  to  calculate. 

Probably  the  loss  of  strength  due  to  this 
cause  is,  in  ductile  plates,  very  small ;  but 
this  weakening  may,  nevertheless,  account, 
in  part,  for  the  apparent  loss  of  strength  of 
the  plates  at  joints,  as  compared  with  the 
same  plates  broken  in  an  unperforated 
condition.  This  loss  of  strength  has  been 
hitherto  ascribed  entirely  to  injury  done  to 
the  plates  in  the  punching  process. 

When  the  rivet  gives  way  by  shearing, 
the  stress  in  the  section  is  also  not  uniform. 
In  consequence  of  the  great  deformation  of 
the  rivet  before  fracture,  it  is  subjected  to 
bending  as  well  as  to  shearing  action.  The 
friction  between  the  plates  induced  by  the 
contraction  of  the  rivets  in  cooling  has  been 
supposed  sometimes  to  add  to  the  apparent 
resistance    of  the   rivet   to   shearing.      So 

j  considerable  a  displacement  of  the  plates, 

I  however,  takes  place  before  ultimate  frac- 
ture, and  the   deformation  of  the  rivets  is 

i  so  great  that  it  can  hardly  be  supposed  that 
they  exert  any  tension  whilst  holding  the 
plates  together  at  the  moment  of  fracture. 
The  fracture  should  therefore  be  entirely 
neglected   in  estimating  the    ultimate   re- 

i  sistance  of  riveted  joints. 


PEOFESSIONAL  TEAINING  FOE  ENGIKEEES. 


From  "The 

Practice  in  the  field,  and  diligent  atttend-  j 
ance  upon  works  of  a  professional  character  j 
at  the  commencement,  continuation,  and  j 
termination,  are  to  the  intended  engineer  ! 
what  the  hospital  curriculum  is  to  the 
young  surgeon.  He  there  sees  and  handles  j 
the  materials  with  which  he  has  to  deal  in  | 
the  future.  He  learns  by  observation  and  I 
assiduity  the  proper  treatment  to  be  adopt-  ' 


Engineer." 

ed  in  particular  instances,  and  the 
technical  means  by  which  difficulties  of  a 
serious  nature  are  successfully  grappled 
with  and  surmounted.  In  either  case  the 
end  to  be  attained  is  the  same,  whether 
the  strain  is  applied  to  the  human  frame  or 
to  the  component  parts  of  some  complicated 
piece  of  mechanism  or  gigantic  work  of 
construction.     A  surgeon   who  had  never 
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witnessed  an  operation  could  have  no  more 
idea  of  the  amputation  of  a  limb,  than  an 
engineer  of  the  driving  of  a  locomotive,  who 
had  never  seen  the  machine  except  in  a 
picture.  There  is,  in  every  profession,  a 
certain  knowledge,  an  especial  description 
of  information,  a  teaching  sui  generis, 
which  cannot  be  obtained  from  books, 
from  study  or  reflection,  or  supplied  by 
even  the  inventive  faculties  of  man.  It  is 
not  every  man  who,  when  the  opportunity 
is  placed  before  him,  is  able  to  avail  him- 
self of  it — at  any  rate  to  the  fullest  extent, 
in  acquiring  this  essential  knowledge, 
which  may  be  termed  practical  informa- 
tion. Many  have  no  taste  for  it,  or  at  least 
prefer  the  study  of  the  more  theoretical 
details.  They  would  rather  exhaust  the 
calculus  in  determining  the  pressures  upon 
the  different  portions  of  a  retaining  wall 
than  go  and  build  one,  and  there  is  very 
little  doubt  that  they  would  be  infinitely 
better  adapted  for  the  former  than  the 
latter  task.  It  must  not  be  supposed  that 
we  undervalue  theory  or  the  study  of 
mathematics,  so  indispensable  to  an  engi- 
neer. But  the  engineer  who  carries  theory 
to  an  extreme  becomes  a  mere  bookworm, 
a  paper  engineer  in  fact,  and  is  not  a  bit 
better  than  his  brother  who  proceeds  in  the 
opposite  track  with  practice,  and  is  ready 
to  solve  any  and  every  problem  by  the 
"  golden  rule  of  thumb."  If  the  latter  can 
by  any  means  bring  in  a  little  theory  to  aid 
him  he  will  always  get  the  better  of  the 
former,  because  of  all  other  professions 
that  of  an  engineer  is,  on  the  whole,  a 
practical  one.  It  is  a  profession  in  which 
men  are  judged  by  their  works ;  faith 
counts  but  little. 

Within  the  last  ffifteen  or  twenty  years  a 
marked  change  has  taken  place  in  the 
education  and  training  of  engineers.  It 
cannot  be  denied  that  the  progress  of  the 
times,  the  introduction  of  railways,  the  em- 
ployment of  comparatively  untried  mate- 
rials, respecting  whose  powers  of  resistance 
very  little  was  known,  and  the  erection  of 
engineering  structures  of  a  novel  form  and 
on  a  scale  of  magnitude  hitherto  unat- 
tempted,  demanded  a  radical  alteration  in 
this  respect.  One  of  the  principal  reasons 
necessitating  the  change  was  that  under 
the  circumstances  precedent  was  wanting. 
Engineers  had  nothing  to  fall  back  upon. 
Previous  practice  and  experience  became  a 
blank.  They  could  supply  nothing  in  the 
way  of  theoretical  or  practical  information 


which  would  bear  the  enormous  extension 
required  of  it.  There  was  no  bridge  to 
serve  as  pattern  for  that  over  the  Straits  of 
Menai,  and  the  study  of  the  whole  subject, 
with  the  aid  of  the  mathematician  and  the 
experimentalist,  became  an  absolute  neces- 
sity. Thus  a  particular  class  of  investiga- 
tions, and  consequently  a  knowledge,  for 
the  future,  of  those  investigations  and  their 
results,  were  forced  upon  engineers,  and  in 
making  themselves  acquainted  with  these 
results  and  others  of  a  kindred  character, 
their  education  was  considerably  improved 
thereby,  and  its  tone  raised.  But.  in  spite 
of  the  advantages  which  have  undoubtedly 
accrued  to  the  profession,  owing  to  the 
altered  conditions  now  prevailing,  it  is 
quite  possible  to  err  in  the  opposite  ex- 
treme ;  and  a  careful  consideration  of  the 
manner  in  which  large  numbers  of  young 
engineers  are  being  now  educated  and 
trained,  will,  we  think,  tend  to  prove  that, 
the  error  alluded  to  is  very  frequently 
committed.  As  a  rule,  if  a  man  wishes  to 
learn  a  trade  he  associates  himself  with 
another  who  has  already  learned  that  trade, 
has  practised  it,  and  is  at  the  time  of  the 
association  earning  his  bread  by  it — living 
by  it,  in  a  word.  If  one  wished  a  boy  to 
learn  the  business  of  a  butcher,  one  would 
hardly  apprentice  him  to  a  shoemaker. 
Yet  this  is  not  one  jot  more  absurd  than  to 
expect  a  young  man  to  learn  the  business 
of  an  engineer  by  sending  him  for  three 
years  to  a  college.  It  will  be  said  that  at 
the  college  he  learns  at  least  the  theory  of 
his  future  profession,  and  also  studies 
various  scientific  subjects  intimately  con- 
nected therewith.  This  is  true,  and  no  one 
for  a  moment  would  underrate  the  value  of 
the  education  so  obtained,  were  it  not  for 
the  attendant  evils,  which  are  serious. 

Were  it  generally  understood  that  the 
college  training  was  restricted  to  what  it 
really  is,  viz.,  the  imparting  of  such  theo- 
retical knowledge  as  would  fit  the  student 
at  the  end  of  his  course  to  enter  an  engi- 
neer's office,  and  learn  the  duties  of  the 
profession — not  in  a  collegiate,  but  in  a 
professional  manner — one  of  jfche  errors 
commonly  indulged  in  would  be  rectified. 
It  is  generally  supposed  that  a  three  years' 
college  course  in  engineering  is  all-sufficing, 
and  that  the  student  who  has  completed 
the  term,  and  obtained  a  diploma  or  certi- 
ficate, is  regularly  qualified  as  an  assistant 
engineer.  No  greater  delusion  can  be  in- 
dulged in.     He  knows  absolutely  nothing 
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of  the  routine  of  an  office,  nor  of  the  pro- 
fessional manner  in  which  things  are  done, 
to  use  a  common  phrase.  It  is  true  that 
designs  are  prepared,  specifications,  esti- 
mates, and  quantities  got  out  by  students 
with  great  care  and  minuteness.  But  the 
designs  are  never  executed,  the  estimates 
and  quantities  never  submitted  to  the  cru- 
cial test — that  of  a  contractor,  and  the  spe- 
cifications are  in  every  sense  dead  letters. 
The  difference  between  any  designs,  speci- 
fications, and  estimates  of  a  professional 
character,  being  prepared  at  a  school  or 
college  and  in  the  office  of  an  engineer,  is, 
that  all  the  responsibility  which  attends 
the  one  is  wanting  in  the  other.  Briefly, 
the  one  is  a  sham,  the  other  is  a  reality. 

It  might  reasonably  be  imagined  that 
anyone  desiring  to  learn  a  business  or  pro- 
fession would  devote  more  time  to  that  ob- 
ject than  to  others,  which,  although  bear- 
ing upon  it,  and  likely  to  prove  of  future 
value,  are  not  of  a  strictly  professional  na- 
ture. But  with  respect  to  the  engineering 
profession,  the  contrary  is  often  the  .  case. 
From  three  to  six  of  theory  to  one  of  prac- 
tice is  about  the  ratio,  although  sometimes 
the  equivalent  of  the  latter  becomes  cipher. 
One  of  the  evils  arising  from  the  prolonged 
theoretical  curriculum  prescribed  at  col- 
leges, is  that  when  the  student,  in  order  to 
obtain  a  practical  knowledge  of  his  busi- 
ness, enters  the  office  of  an  engineer,  his 
stay  there  is  too  short  to  enable  him  to 
benefit  by  the  advantages  which  would  be 
otherwise  open  to  him.  In  the  first  place, 
the  state  of  the  works  under  the  superin- 
tendence of  the  engineer,  and  his  general 
practice,  cannot  be  regulated,  so  as  to  suit 
the  requirements  of  any  young  man  who 
desires  to  benefit  by  pupilage  of  one  or  two 
years.  Again,  it  is  of  little  use  to  take  a 
student  from. his  theoretical  studies,  and 
pitchfork  him  into  an  extensive  work, 
among  a  chaos  of  timbers,  portable  engines, 
excavations,  and  the  whole  general  metee 
of  a  contractor's  plant.  He  may  after  a 
time  understand  what  is  going  on,  he  may 
get  an  idea,  but  little  more,  of  the  continu- 
ation of  a  work  of  the  commencement  of 
which  he  knows  nothing,  and  of  the  termi- 
nation of  which  he  will  be  equally  igno- 
rant. The  same  method  is  required  in  the 
professional  as  in  the  educational  training 
of  a  young  engineer.  The  one  he  obtains 
thoroughly  at  a  school  or  college,  but  the 
other  it  is  impossible  for  him  to  acquire,  un- 
less he  spend  at  least  the  same  amount  of 


time  in  the  actual  discharge  of  duties, 
which  he  will  have  eventually  to  fulfil  al- 
most unassisted.  The  most  valuable  kind 
of  practice  which  a  young  engineer  can  ob- 
tain, is  to  be  engaged  on  a  work  from  the 
commencement,  to  assist  in  preparing  the 
drawings,  specifications,  estimates,  and 
quantities,  and  then  to  witness  the  work 
carried  out,  and  if  possible  completed.  The 
work  need  not  be  on  a  scale  of  great  mag- 
nitude. On  the  contrary,  if  of  moderate 
extent  so  much  the  better,  as  it  will  enable 
attention  to  be  paid  to  all  the  details.  It 
is  in  the  knowledge  of  the  actual  details 
of  work  that  theoretical  men  are  so  weak. 
The  most  important  point  in  connection 
with  the  practical  training  we  have  men- 
tioned, is  altogether  lost  in  the  system 
which  crams  a  man  for  three  years  with 
theory  and  then  sends  him  into  the  office 
of  either  a  civil  or  mechanical  engineer  to 
learn  his  profession  in  about  a  fourth  of 
that  time.  This  point  is  the  connection 
between  theory  and  practice,  which  is  alto- 
gether wanting.  There  is  no  connection, 
no  sequence  whatever  between  the  designs 
prepared  in  a  college,  and  the  work  the 
student  may  see  afterwards  with  an  engi- 
neer. As  a  means  of  education,  the  various 
schools  and  colleges  with  especial  technical 
classes  are  invaluable ;  but  are  not  equally 
valuable  for  professional  training,  and  they 
will  never  be  able  to  turn  out  practical  en- 
gineers, who  are  becoming  scarcer  every 
day.  The  fallacy  to  be  avoided  is  to  im- 
agine that  the  scholastic  or  collegiate  edu- 
cation renders  unnecessary  any  future  pro- 
fessional training  whatever. 

When  a  man  says,  "I  wish  to  make  my 
son  an  engineer,"  the  natural  and  common 
sense  reply  is,  "  Then  article  him  to  an  en- 
gineer." In  fact,  the  system  pursued  under 
the  old  regime  is  still  the  correct  one,  with 
the  exception  that  the  time  of  apprentice- 
ship or  pupilage  should  be  shortened,  and  a 
portion  of  it  spent  in  acquiring  the  educa- 
tion now  indispensable  to  an  engineer.  The 
mistake  committed  at  the  present  day,  is  in 
substituting  a  different  and  a  completely  theo- 
retical for  a  practical  training,  whereas  the 
proper  plan  to  adopt  is  to  retain,  in  any  case, 
the  practical  training,  but  add  to  it  the  edu- 
cational. It  is  not  by  taking  away  the 
practice,  but  by  adding  the  theory,  that  a 
man  becomes  a  competent  and  qualified  en- 
gineer at  the  present  day.  It  is  impossible 
to  deny  that  there  is  just  now  a  strong  ten- 
dency to  substitute  theory  for  practice  in  the 
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training  of  our  engineers,  and  it  will  be 
some  time  before  the  error  becomes  mani- 
fest. We  are  not  alone  in  this  opinion. 
Some  eminent  authorities,  good  theoretical 
men  themselves,  have  acknowledged  that  a 
considerable  portion  of  the  time  spent  in  a 
school  or  college  is,  we  will  not  say  wasted, 
but  devoted  to  subjects  of  no  practical  use 
whatever  to  an  engineer.  Moreover,  the 
study  of  some  subjects  -with  which  an  en- 
gineer should  undoubtedly  have  some  ac- 
quaintance is  pushed  too  far,  to  the  sacrifice 
of  much  valuable  time  and  labor.  It  is  no 
doubt  indispensable  that  a  professional  man 
should  possess  a  competent  knowledge  of 
geology,  but  we  submit  that  it  is  time  and 
energy  wasted  for  him  to  pursue  the  subject 
to  the  same  extent  as  a  professed  geologist. 
However  interesting  to  the  latter,  and  cog- 
nate to  his  vocation,  it  may  be  to  be  able  to 


demonstrate  that  the  fossil  remains  of  some 
antediluvian  reptile  are  to  be  found  in  a  cer- 
tain situation,  the  presumable  proof  of  tho 
circumstance  does  not  bear  upon  practical 
engineering.  It  is,  in  our  opinion,  better 
for  a  young  engineer  to  know  how  to  hoop, 
shoe,  and  drive  a  pile,  than  to  be  able  to 
calculate  to  an  ounce — were  the  calculation 
possible — the  exact  pressure  it  would  require 
to  drive  it  so  many  inches  into  the  ground. 
No  one  is  more  ready  than  ourselves  to 
estimate  at  its  full  value,  the  real  permanent 
benefit  the  various  engineering  schools  and 
colleges  have  conferred  upon  engineers,  but 
a  line  must  nevertheless  be  drawn  some- 
where. We  should  regret  to  witness  a  pro- 
fession, which  is  essentially  practical  in  its 
character  and  duties,  reduced  to  a  mere  dis- 
play of  mathematical  dexterity,  book  lore, 
and  paper  work. 
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From  "The  Building  News.' 


Many  years  ago  it  was  comparatively 
easy  to  import  trees  from  the  north  of 
Europe  of  sufficient  size  to  make  topmasts 
for  the  largest  classes  of  men-of-war.  Now, 
however,  little  timber  of  the  required  di- 
mensions could  be  produced,  even  had  we 
not  now  given  the  preference  to  iron  masts. 
In  fact,  the  mast  trade  is  declining.  Cana- 
dian yellow  pine  masts  used  formerly  to  be 
plentiful  at  30  in.  in  diameter,  but  none,  or 
nearly  none,  such  are  now  to  be  met  with ; 
nor  if  we  wanted  wooden  stern-posts  for 
our  men-of-war  could  we  now  procure  them 
from  the  old  sources  of  supply.  These  are 
only  one  or  two  instances  which  might  be 
brought  forward  to  show  that  if  timber  of 
large  dimensions  is  wanted  from  the  ports 
we  have  been  so  long  in  the  habit  of  deal- 
ing with,  it  will  not  be  readily  forthcoming, 
except  at  a  vastly  enhanced  cost,  and  per- 
haps even  then  it  may  be  impossible  to 
purchase  it.  For  both  oak  and  fir  we  have 
long  been  almost  dependent  on  foreign  or 
colonial  supplies.  Oak  certainly  still  comes 
to  our  markets  from  our  own  native  plan- 
tations, but  the  supply  is  limited,  for  as 
trees  are  felled,  the  remainder  are  more 
and  more  looked  upon  as  ornamental  trees, 
not  destined  for  the  axe.  Although  it  is 
usual  to  speak  of  fir  and  pine  as  "fir 
timber,"  still  there  is  a  difference  between 
the  two — witness  Riga  fir  and  North  Am- 


erican pine.  Du  Hamel  says  t pines  have' 
the  leaves  thready  and  slender,  growing  in 
clusters  from  the  same  leaf-stalk,  while  firs 
have  straight  leaves,  each  growing  separate, 
but  many  growing  on  the  same  leaf-stalk, 
like  the  teeth  of  a  comb.  These  are  the 
general  characteristics  between  the  two 
sorts  of  trees  whi^h  produce  fir  timber.  The 
pines  grow  with  their  trunks  much  less  ta- 
pering towards  their  tops  than  the  firs ; 
they  are  therefore,  from  shape,  more 
adapted  for  masts  than  firs.  Their  wood  is 
also  more  resinous,  and  the  resin  is  of  a 
more  glutinous  nature,  and  therefore  less 
easily  evaporated ;  it  also,  in  consequence 
of  this  quality,  enables  the  timber  to  resist 
better  the  absorption  of  water  or  moisture 
when  exposed  to  it.  The  pine  is  more 
durable  than  the  fir,  and  its  fracture  is, 
even  when  partially  decayed,  much  more 
fibrous,  and  takes  place  with  more  previous 
warning.  Eiga  fir  is  not  only  extremely 
flexible  and  elastic,  but  it  is  by  far  the 
most  durable  of  all  pine  timbers.  The 
American  continent  produces  red  pine, 
which  is  often  used  instead  of  Riga 
timber,  but  so  far  as  London  is  con- 
cerned, the  imports  have  dwindled  down 
to  almost  nil.  The  red  pine  thrives  well 
in  Scotland,  where  it  is  called  Scotch 
fir,  but  the  timber  will  not  bear  com- 
parison with  that  imported,  although  it  is 
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often  included  under  the  generic  name  of 
"  Riga."  Yellow  pine,  which  is  principal- 
ly imported  from  Quebec,  has  neither  the 
flexibility  nor  the  elasticity  of  the  red  pine, 
nor  is  it  so  durable,  but  it  is  much  lighter. 
For  the  inside  work  of  houses,  such  as  pan- 
els, sashes,  etc.,  it  is  invaluable,  and  is 
eagerly  bought  up  by  builders  for  such 
purposes.  It  grows  in  Great  Britain,  but 
it  does  not  thrive  in  this  climate.  Nor- 
wegian fir  is  largely  imported,  principally 
in  the  shape  of  battens  and  boards ;  but  the 
wood  is  generally  small,  and  the  Swedish 
of  the  same  description  finds  more  favor 
from  its  larger  scantling.  Cedar  would  be 
among  the  most  valuable  of  all  timber 
trees  were  it  sufficiently  common  to  be 
available  for  building  purposes.  It  is  al- 
most indestructible  from  time,  and  no  in- 
sect will  ever  attack  it.  It  requires  a  more 
generous  soil  than  any  other  of  the  tribe  of 
pines,  and  is  a  timber  of  very  slow  growth. 
Pitch  pine  is  now  well  known,  and  has 
taken  its  place  as  a  building  and  furniture 
wood. 

The  sap-wood  of  all  fir  timber  is  useless, 
and  generally  there  is  a  large  proportion  of 
it  in  comparison  with  the  quantity  of  heart- 
wood.  But  it  is  a  curious  fact  that  there 
appears  to  be  a  difference  between  the 
pines  and  the  generality  of  hardwood  tim- 
ber in  this  :  that  a  small  proportion  of  sap- 
wood  in  fir  is  indicative  of  the  inferiority 
of  the  timber.  Thus,  the'red  pine  of  Scot- 
land has  fewer  layers  of  snp-wood  than 
either  the  Baltic  or  Canadian  red.  pine. 
As  a  general  remark,  it  may  be  stated  that 
the  greater  the  quantity  of  sap-wood  there 
is  about  a  tree  of  any  description  of  fir  tim- 
ber, the  better  will  be  the  quality  of  the 
mature  wood. 

Larch  is  imported  from  Canada  under 
the  names  of  Hackmatack  and  Tamarack, 
which  have  every  appearance  of  being 
identical  with  the  Scotch  larch.  Cabinet- 
work of  great  beauty  has  been  made  from 
this  wood;  it  polishes  well,  and  when 
seasoned  is  not  found  to  warp  or  shrink. 
In  some  of  the  public  buildings  of  Venice 
there  are  said  to  be  single-pieced  beams  of 
larch  which  are  120  ft.  in  length.  It  must 
be  very  durable,  for  it  is  almost  the  only 
wood  which  was  used  in  the  palaces  and 
public  buildings  of  that  city. 

Teak  is  now  an  important  article  of  com- 
merce. The  importation  from  Moulmein 
dates  since  the  Burmese  war,  and  its  value 
as  a  ship-building  timber  is  highly  appre- 


ciated ;  but  inferior  as  the  Pegu  and  Moul- 
mein teak  is  in  quality,  when  compared 
with  the  Bombay  teak,  it  is  infinitely  pref- 
erable to  the  Saul  or  the  Sissoo.  All  de- 
scriptions of  teak,  if  sound,  free  from  defects 
and  sap-wood,  are  proof  against  the  white 
ants — a  matter  of  the  greatest  importance  in 
India — whereas  in  this  market  it  is  valued 
for  its  hardness  and  durability.  The  teak 
grows  to  a  great  height,  70  to  80  ft.,  and 
more,  but  cannot  be  easily  obtained  of  good 
quality  of  that  size.  Jarrol,  Toon,  and 
similar  Indian  woods,  are  not  in  use  in 
Great  Britain,  and  need  not  be  described. 

British  Guiana  Greenheart  is  another 
well-known  timber.  It  is  a  hard,  close- 
grained  wood,  having,  like  teak,  an  oily 
feel  to  the  touch.  Its  specific  gravity  is 
about  equal  to  that  of  the  African  oak,  but 
it  is  decidedly  superior  to  it  in  strength, 
toughness,  and  durability.  These,  however, 
are  not  its  chief  advantages.  Its  great  val- 
ue consists  in  its  being  completely  exempt 
from  the  attacks  of  worms.  It  is  exceed- 
ingly hard,  and  difficult  to  work  as  plank- 
ing. There  is  another  Guianian  timber, 
the  Siruaballi,  of  a  softer  texture,  and  much 
used  for  planking,  as  it  is  also  said  to  be 
able  to  resist  the  ravages  of  the  worm. 

At  whatever  period  timber  is  felled,  it 
requires  to  be  thoroughly  seasoned  before 
it  is  fit  for  the  purposes  of  carpentry.  This 
object  of  seasoning  is  partly  to  evaporate  as 
much  of  the  sap  as  possible,  and  thus  to 
prevent  its  influence  in  causing  decomposi- 
tion, and  partly  to  reduce  the  dimensions  of 
the  wood,  so  that  it  may  be  used  without 
inconvenience  from  its  further  shrinking. 
Timber  seasons  best  when  placed  in  dry- 
situations,  where  the  air  has  a  free  cir- 
culation around  it.  (Evelyn,  in  his  "  Syl- 
via," has  some  advice  on  this  head,  as  ap- 
plicable now  as  when  he  wrote  it.)  Gradu- 
al drying  is  a  better  preservative  than  a 
sudden  exposure  to  warmth,  even  of  the 
sun ;  for  warmth,  abruptly  applied,  causes 
cracks  and  flaws,  from  the  sudden  and 
unequal  expansion  produced  in  different 
parts. 

Two  or  .three  years'  seasoning  is  requisite 
to  produce  lightness  and  durability  in  the 
woodwork  of  buildings.  It  must  be  observed 
that  seasoning  in  the  common  way  only  re- 
moves a  portion  of  the  aqueous  and  volatile 
matter  from  the  wood.  The  extractive,  and 
other  soluble  portions  still  remain,  and  are 
liable  to  ferment,  though  in  a  less  degree, 
whenever  the  wood  reabsorbs  the  moisture. 
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Such,  indeed,  is  the  force  of  capillary  attrac- 
tion, that  wood  exposed  to  the  atmosphere 
in  our  climate  never  gives  up  all  its  mois- 
ture.    There  are  so  many  methods  of  pre- 
serving wood,  each  patentee  having  reason 
to  think  his  own  process  the  best,  that  it 
will  be  as  well  to  refrain  from  investigating 
their  respective  claims  to  excellence.     It  is 
the  opinion  of  some  that  woods   abounding 
in  resinous  matter  cannot  be  more  durable 
than  others,  but  the  reverse  of  this  is  prov- 
ed every  year  in  the  pine  forests  of  America, 
where    the    "  light   wood,"   as  it  is  called, 
consisting  of  the  knots  and  other  resinous 
parts  of  pine  trees,  remains   entire,  and  is 
collected  for  the  purpose  of  affording  tar, 
long  after  the  remaining  wood  of  the  three 
has  decayed.     In  the  salt  mines  of  Poland 
and  Hungary  the  galleries  are  supported  by 
wooden  pillars,   which  are   found   to    last 
unimpaired   for   ages,    in    consequence   of 
being  impregnated    with   the    salt,     while 
pillars  of  brick  and  stone,  used  for  the  same 
purpose,  crumble  away  in   a  short  time  by 
•  the  decay  of  their  mortar.     Wooden  piles, 
driven    into   the   mud   of    salt    flats    and 
marshes,   last  for  an  unlimited  time,  and 
are  used  for  the  foundations  of  brick  and 
stone  edifices.     The  application  of  salt  in 
very   minute   quantities   is    said  rather  to 
hasten  than  prevent  the  decay  of  animal 
and  vegetable  bodies.     Yet  the  practice  of 
docking  timber,  by  immersing  it  for  some 
time  in  sea  water,  after  it  has  been  season- 
ed,   is   generally   admitted   to  promote  its 
durability.      There   are   some  experiments 
which  appear  to   show  that,   after  the  dry 
rot  has  commenced,  immersion  in  salt  water 
effectually   checks   its   progress,    and  pre- 
serves the  remainder  of  the  timber.     If  care 
•be  taken  to  renew  the  coat  of  paint  as  often 
as  it  decays,  wood  on  the  outside   of  build- 
ings, may  be  made  to  last  for  centuries,  but 
painting   is    no    preservative   against    the 
internal,  or  dry,  rot ;  on  the  contrary,  when 
the  disease  has  begun,  the  effect  of  paint, 
by  choking  the  pores  of  the  wood,  and  pre- 
venting the  exhalation  of  vapors  and  gases 
which  are  formed,  tends  rather  to  expedite 
than  prevent  the  progress  of  decay.  Indeed, 
sound,  well-seasoned  wood  will  last  longer 
unpainted  than  painted,  for  it  is  impossible 
to  thoroughly  dry  it,  and  a  day  in  a  newly- 
built  house  causes  moisture  to  be  absorbed. 
To  show  the  difference  between   seasoned 
and  unseasoned  wood,  it  may  be  remarked 
that  unseasoned  English  oak  (from  experi- 
ment) weighs  62  lbs.  8  oz.  per  cubic  foot ; 


seasoned  from  13  to  20  years,  it  weighs  45 
lbs.  9  oz.  per  cubic  foot.  French  oak  un- 
seasoned, 68  lbs.  2  oz.  ;  seasoned,  -48  lbs. 
0J  oz.  African  oak,  unseasoned,  64  lbs.  1 
oz.  ;  seasoned  13  to  20  years,  60  lbs.  3  oz. 
Teak,  unseasoned,  4S  lbs.  11  oz. ;  seasoned 
19  years,  42  lbs.  2i  oz.  Dantzig  fir,  un- 
seasoned, 39  lbs.  ;  seasoned,  32  lbs.  9|  oz. 
These  statistics  will  explain  why  builders  are 
so  anxious  to  procure  dry  materials,  and 
how  it  is  that  so  much  objection  is  made  to 
sap-wood. 

INDIA    AND    EASTERN    TIMBEE. 

Cedar  is  a  commercial  term  given  to  the 
woods  of  several  distinct  kinds  of  forest 
trees,  the  timbers  of  which  are  distinguished 
as  red  and  white  cedar,  Barbadoes  and 
Bermuda  cedar,  cedar  of  Lebanon,  pencil 
cedar,  bastard  cedar,  and  some  of  those 
that  grow  in  America,  some  in  Europe,  and 
some  in  Asia.  The  lofty  Deodara,  a  native 
of  the  Himalayas,  with  fragrant  and  almost 
imperishable  wood,  and  often  called  the 
Indian  Cedar,  is  sometimes  referred  to  the 
genus  Pinus,  and  sometimes  to  those  of 
Cedrus  or  Larix,  with  the  specific  name  of 
"  deodara."  But  Dr.  Hooker  is  of  opinion 
that  the  Deodar  and  the  Cedar  of  Lebanon 
are  identical.  The  woods  of  several  of  the 
Conifer?e  are  called  cedars.  But  in  India 
the  term  Bastard  Cedar  is  applied  to  the 
Guazuma  tornentosa,  while  in  Xew  South 
Wales  the  term  White  Cedar  is  applied  to 
Melia  azerach,  and  Ped  Cedar  to  that  of 
Flindersia  Australis,  and  the  name  is  also 
given  to  the  woods  of  the  Cedrela  too/ia 
and  Chickrassia  tabularis. 

In  China,  a  kind  of  cedar,  probably 
a  cypress,  called  Nan  Mah,  or  Southern 
Wood,  which  resists  time  and  insects,  is 
considered  particularly  valuable,  and  is  es- 
pecially reserved  for  imperial  use  and 
buildings,  and  the  cedar  wood  of  Japan, 
according  to  Thunberg,  is  a  species  of 
cypress.  The  cedar  of  G-uiana  is  the  wood 
of  Idea  altissima.  The  whitewood  or  white 
cedar  of  Jamaica  is  JBignonia  leucoxylon. 
The  word  "  cedar,"  in  the  United  States,  is 
applied  to  various  genera  of  the  Pine 
family.  The  Virginian  red  cedar  is  a  juni- 
per; is  called  red,  or  pencil  cedar;  the 
white  cedar  of  the  Southern  swamps  is  a 
cypress.  Under  the  term  cedar,  Col.  Erith 
describes  a  reddish  colored  wood  of  Palghat, 
specific  gravity  0.507,  as  a  large  tree,  wood 
aromatic,  and  used  for  furniture;  and 
under   the    name   of  cedar    root,    a    very 
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aromatic  wood,  used  for  ornamental  furni- 
ture in  Pal  ghat. 

Specimens  of  the  wood  of  the  Indian 
Cedar  ( Cedrus  deodara)  and  of  the  cypress 
from  the  Himalayas,  were  shown  by  Dr. 
Eoyle  at  the  Exhibition  of  1851.  The 
former  has  been  introduced  into  England 
as  a  beautiful  ornamental  tree,  and  appears 
to  promise  well  as  a  useful  timber  tree,  as 
the  wood  works  well  and  freely. 

The  Toona  (Cedrela  toona)  is  a  large 
and  valuable  tree,  which  grows  in  varying 
abundance  at  the  foot  of  the  Himalayas, 
also  in  the  north-eastern  provinces,  and  to 
the  south  in  Bengal,  and  in  both  peninsulas 
of  India.  It  is  rare  in  the  central  provinces. 
In  the  Punjaub  it  grows  up  to  2,500  ft.  to 
4,800  ft.,  with  7  ft.  to  12  ft.  in  girth.  Its 
growth  there  is  rapid ;  its  darkish  wood  is 
not  subject  to  worm  or  warp,  it  looks  well 
when  properly  polished,  and  is  there  a 
favorite  for  cabinet-work.  Mr.  P.  Thomp- 
son says  it  grows  to  a  large  size  in  the 
outer,  moist  valleys  of  Kumaon  and  Ghur- 
wal,  and  hill-men  will  not  sell  their  trees. 
In  Kumaon,  trees  with  girths  of  12  ft.  to 
16  ft.  yield  planks  up  to  3  ft.  broad,  but  2 
ft.  is  the  average.  In  Coimbatore,  it  is  a 
valuable  timber  tree  of  large  size,  and  its 
reddish  colored  wood  is  used  for  cabinet- 
making  purposes.  It  is  not  a  common  tree 
in  the  Bombay  forests,  but  is  found  in  some 
of  the  greenwood  jungles  about  the  ghats, 
and  also  in  the  hill  range  abutting  on  the 
Rajpooree  Creek  to  the  south.  The  wood 
is  a  choice  one  for  cabinet-makers'  pur- 
poses, but  it  is  not  used  for  any  others,  ex- 
cept for  house  beams,  when  it  is  procurable 
in  sufficient  quantities.  A  tree  is  also  found, 
Dr.  Brandis  tells  us,  on  the  hills  and  plains 
of  British  Burmah,  plentiful  in  some  dis- 
tricts, and  if  not  identical  with  the  toon  of 
Bengal,  certainly  neerly  related  to  it.  A 
cubic  foot  of  the  Burmah  wood  weighs  28 
lbs.  In  a  full  grown  tree,  on  good  soil,  the 
average  length  of  the  trunk  to  the  first 
branch  is  40  ft.,  and  the  average  girth, 
measured  at  6  ft.  from  the  ground,  is  8  ft. 
It  sells  in  Burmah  at  8  annas  per  cubic 
foot 

The  lofty  Deodara  ( Cedrus  deodara)  is 
a  native  of  the  Himalayas,  and  has  an 
almost  imperishable  wood.  Dr.  Hooker  is 
of  opinion  that  it  is  identical  with  the  Cedar 
of  Lebanon,  and  this  view  is  generally  con- 
curred in.  It  grows  at  4,000  ft.  to  10,000 
ft.  in  many  parts  of  the  Himalayas,  from 
the  Ganges  to  beyond  the  Indus  at  Safed 


Koh,  and  the  mountains  north  of  Jellala- 
bad.  It  is  a  very  handsome  tree,  with 
a  yellow-colored,  easy-worked,  straight- 
grained,  and  durable  wood,  and  pillars  of 
it,  in  the  great  mosque,  are  said  to  be  of 
the  year  804  Hejira,  but  those  of  the 
Hindoo  temples  there  are  said  to  be  600  or 
800  years  old.  Insects  do  not  attack  it. 
It  is  strong  and  elastic,  and  not  too  heavy. 
It  is  used  for  knees  of  boats,  and  for  all 
building  purposes.  A  tree  takes  from  80 
to  120  years  to  reach  6  ft.  of  girth,  attains 
a  height  of  100  ft.,  120  ft.,  even  over  200 
ft,  and  girths  of  from  25  ft.  to  42.  It  is 
the  best  of  all  the  coniferous  timbers,  and 
yields  a  valuable  empyreumatic  oil. 

With  reference  to  the  central  province 
forests,  Major  Pearson  gives  some  very 
valuable  information.  At  the  present  time 
the  only  forests  in  which  teak  of  good  size 
is  procurable  are,  1st,  the  forest  of  Boree, 
at  the  foot  of  the  Puchmuree  or  Mahedeo 
hills,  and  those  of  Sowleeghurh  and  Jam- 
gurh  in  Baitool.  2d.  The  forests  around 
the  Bormeyr  River  in  Mundla.  3d.  The 
forests  of  Lahora,  Konkeir,  and  Panabarras, 
of  which  the  latter  is  the  centre,  between 
Paepore  and  Chandah  ;  and  4th,  the  forests 
of  Aheree  on  the  Godavery,  between 
Seroncha  and  Chandah.  The  last  two 
named  belong  to  Zemindars,  the  first  two 
only  are  Government  property.  There  is 
also  teak  found  of  large  size  in  the  Gurjat 
States,  120  to  150  miles  south-east  of 
Paepore ;  but  it  is  so  remote  that  it  can 
hardly  be  considered  as  belonging  to  the 
available  resources  of  the  country.  It  is 
believed,  however,  not  to  exist  in  any  extra- 
ordinarily large  quantity  ;  indeed,  Lieute- 
nant Porsyth's  report  on  the  Kuvriar  forests 
represents  12,000  trees  in  all.  In  Boree,* 
including  the  Baitool  forests  (which  latter, 
however,  are  practically  worked  out),  there 
may  be  10,000  available  timber  trees ;  in 
Mundla  there  are  about  half  that  quantity 
remaining.  In  the  forest  of  which  Parna- 
barras  is  the  centre,  there  is  still  practi- 
cally, a  perpetual  supply,  if  they  are 
only  worked  with  care,  as  a  vast  sup- 
ply of  trees  are  there  found  in  every 
stage  of  growth.  About  Dorwa  in  Parna- 
barras  alone  he  calculated  there  were 
10,  000  trees  available  for  felling,  and 
30,000  more  from  2  to  21  ft.  in  girth,  all 
fine,  promising  young  trees.  From  the 
distance  of  the  forests,  and  excessive  weight 
of  the  timber,  Saul  does  not  come  into 
much  use.     There  is,  however,  a  fine  forest 
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(a  solitary  patch)  in  the  Daniwah  Valley  at 
the  foot  of  the  Puchmarree  hills,  which  is 
now  being  worked,  and  the  Executive 
Engineers  at  Jubbulpore  and  Saugor  sup- 
ply themselves  with  this  timber  from  the 
Rewah  State,  50  or  60  miles  east  of 
Jubbulpore,  and  from  the  Government 
forests  in  Beejoragogurh.  Of  all  other 
timbers,  good,  bad,  and  indifferent,  and 
many  of  them  bad,  the  demand  for  sleepers 
for  both  branches  of  the  Great  Indian 
Peninsula  Railway,  east  of  Bosawul,  has 
almost  cleared  the  forest  within  50  miles  of 
the  railway  lines  of  every  tree  that  would 
yield  a  sleeper ;  nor  has  the  supply  of 
them  done  much  good,  as  a  very  few  years 
will  have  to  elapse  before  all  have  to  be 
replaced.  This  is  being  done  partly  by 
Saul,  in  a  very  small  degree  by  Teak,  but 
chiefly  by  iron- girt  sleepers. 

Western  Mysore  produces  valuable  tim- 
ber trees,  useful  for  building  and  cabinet- 
making,  such  as  Boghy,  for  furniture, 
strong  and  tough  ;  Soojhal,  useful  for  all 
purposes,  in  color  a  light  brown,  long 
grain,  and  rather  open  ;  Hoonsay,  with  red 
and  black  streaked  heartwood,  close-grained 


and  knotty,  which  makes  excellent  naves  of 
wheels,  oil-mills,  mallets,  etc.,  and  is  valu- 
able for  brick  and  tile  burning;  Biti,  an 
open-grained  timber,  something  like  rose- 
wood, which  makes  up  into  good  furniture 
of  all  descriptions ;  Honagul,  a  building 
timber,  also  used  for  furniture ;  Wulla 
Honay,  a  light- colored,  open-grained  tim- 
ber, a  very  excellent  description  of  wood 
suitable  for  house-building  and  furniture ; 
Nundee,  of  which  substantial  bridges  are 
built ;  Nellee,  of  a  dark  flesh  color,  smooth, 
very  close  grain,  compact  and  tough, 
making  fine  veneers,  does  not  decay  under 
water,  and  is  well  adapted  for  turning; 
Novoladdi,  a  greenish-brown,  dull,  close- 
grained  timber,  which  polishes  well,  and  is 
much  liked  by  builders  and  others;  and 
Handiga,  useful  for  furniture  and  for  the 
turner,  etc. 

These  are  but  a  few  of  the  forest  pro- 
ducts of  India,  but  will  serve  to  show  the 
vast  and,  comparatively  speaking,  still  un- 
developed timber  resources  of  that  country, 
which  cannot  be  otherwise  than  a  matter 
of  great  interest  to  all  builders  in  Great 
Britain. 


SYMPATHETIC  VIBKATIONS  IN  MACHINEEY. 


By  JOSEPH  LOVERING. 


From  "Iron." 


The  vibrations  I  propose  to  demonstrate 
are  those  which  are  pitched  so  low  as  not  to 
come  within  the  limits  of  human  ears,  but 
which  are  felt  rather  than  heard.  I  wish 
to  show  how  these  may  be  seen  as  well  as 
felt. 

All  structures,  large  or  small,  simple  or 
complex,  have  a  definite  rate  of  vibration, 
depending  on  their  materials,  size,  and 
shape,  and  as  fixed  as  the  fundamental  note 
of  a  musical  chord.  They  may  also  vibrate 
in  parts,  as  the  chord  does,  and  thus  be 
capable  of  various  increasing  rates  of  vi- 
bration, which  constitute  their  harmonics. 
If  one  body  vibrates,  all  others  in  the 
neighborhood  will  respond,  if  the  rate  of 
vibration  in  the  first  agrees  with  their  own 
principal  or  secondary  rates  of  vibration, 
even  when  no  more  substantial  bond  than 
the  air  units  this  body  with  its  neighbors. 
In  this  way  mechanical  disturbances,  harm- 
less in  their  origin,  assume  a  troubiesome 


and  perhaps  a  dangerous  character,  when 
they  enter  bodies  which  are  only  too  ready 
to  move  at  the  required  rate,  sometimes 
even  beyond  the  sphere  of  their  stability. 

At  one  time  considerable  annoyance  was 
experienced  in  a  cotton  mill  because  the  walls 
and  floors  of  the  building  were  so  violently 
shaken  by  the  machinery ;  so  much  so  that 
on  certain  days  a  pail  of  water  would  be 
nearly  emptied  of  its  contents,  while,  on 
other  days,  all  was  quiet.  Upon  investiga- 
tion it  appeared  that  the  building  shook  in 
response  to  the  motion  of  the  machinery 
only  when  it  moved  at  a  particular  rate, 
coinciding  with  one  of  the  harmonics  of  the 
structure ;  and  the  simple  remedy  was  to 
make  the  machinery  move  at  a  little  greater 
or  a  little  less  speed,  so  as  to  put  it  out  of 
tune  with  the  building. 

We  can  easily  believe  that  in  many 
cases  these  violent  vibrations  will  loosen 
the  cement  and  derange  the  parts  of  a  build- 
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ing,  so  that  it  may  afterwards  fall  under 
the  pressure  of  a  weight  which  otherwise  it 
was  fully  able  to  bear,  and  at  a  time,  pos- 
sibly, when  the  machinery  is  not  in  motion. 
Large  trees  are  uprooted  in  gales  of  wind, 
because  the  wind  comes  in  gusts,  and  if 
these  gusts  happen  to  be  timed  in  accord- 
ance with  the  natural  swpg  of  the  tree,  the 
effect  is  irresistible.  The  slow  vibrations 
which  proceed  from  the  largest  pipes  of  a 
great  organ,  and  which  are  almost  without 
the  range  of  musical  sounds,  are  able  to 
shake  the  walls  and  floors  of  a  building  so 
as  to  be  felt,  if  not  heard. 

We  have  here,  also,  the  reason  of  the 
rule  observed  by  regiments  on  the  march, 
when  they  cross  a  bridge,  viz.,  to  stop  the 
band,  and  to  break  step.  This  is  lest  the 
measured  cadence  of  a  condensed  mass  of 
men  should  urge  the  bridge  to  vibrate 
beyond  its  cohesive  force.  A  neglect  of  this 
rule  has  frequently  led  to  accidents.  The 
Broughton  Bridge,  Manchester,  gave  way 
beneath  the  measured  tread  of  sixty  men 
only,  who  were  marching  across  it. 

Robert  Stephenson  has  remarked  ("Edin. 
Phil.  Journal,"  vol.  v.,  p.  255)  that  there  is 
not  so  much  danger  to  a  bridge  when  it  is 
crowded  with  men  or  cattle,  or  if  cavalry 
are  passing  over  it,  as  when  men  go  over  it 
in  marching  order. 

A  chain  bridge  crosses  the  river  Dordogne 
on  the  road  to  Bourdeaux.  One  of  the 
Stephensons  passed  over  it  in  1845,  and 
whs  so  much  struck  with  its  defects,  although 
it  had  been  but  recently  erected,  that  he 
reported  them  to  the  authorities.  A  few 
years  afterwards  it  gave  way  when  troops 
were  marching  over  it. 

A  few  years  ago  a  similar  disaster  befell 
a  battalion  of  French  infantry  while 
crossing  the  suspension  bridge  at  Angiers. 
Reiterated  warnings  were  given  to  the 
troops  to  break  into  sections,  but  the  rain 
falling  heavily,  the  orders  were  disregarded, 
the  bridge  fell,  and  280  men  were  killed. 

When  Galileo  set  a  pendulum  in  strong 
vibration  by  blowing  on  it  whenever  it  was 
moving  away  from  his  mouth,  he  gave  a 
good  illustration  of  the  way  in  which  small 
but  regularly  repeated  disturbances  grow 
into  consequence.  Professor  Tyndall  tells 
us  that  the  Swiss  muleteers  tie  up  the  bells 
of  their  mules,  lest  the  tinkle  should  start 
an  avalanche.  The  breaking  of  a  drinking 
glass  by  the  human  voice,  when  its  funda- 
mental note  is  sounded,  is  a  feat  instanced 
by  Chladin,  who  mentions  it  as  an  experi- 


ment frequently  repeated  by  an  inkeeper 
for  the  entertainment  of  his  guests,  much 
to  his  own  profit. 

The  bark  of  a  dog  is  able  to  call  forth  the 
response  from  certain  strings  of  the  piano  ; 
and  a  curious  passage  has  been  pointed  out 
in  the  "Talmud,"  which  discusses  the  in- 
demnity to  be  paid- when  a  vessel  is  broken 
by  the  voice  of  a  domestic  animal.  If  we 
enter  the  domain  of  music,  there  is  no  end 
to  the  illustrations  which  might  be  given  of 
these  sympathetic  vibrations. 

In  the  case  of  vibrations  which  are 
simply  mechanical,  without  being  audible, 
at  any  rate  in  a  musical  sense,  the  follow- 
ing ocular  demonstration  may  be  given  : — 
A  train  of  wheels,  set  in  motion  by  a  strong 
spring  wound  up  in  a  drum,  causes  a  hori- 
zontal spindle  to  revolve  with  great  velocity. 
Two  pieces  of  apparatus  like  this  are 
placed  about  10  or  12  ft.  apart.  On  the 
ends  of  the  spindles,  which  face  each  other, 
are  buttons  about  an  in.  in  diameter.  The 
two  ends  of  a  piece  of  white  tape  are  fas- 
tened to  the  rims  of  these  buttons.  When  , 
the*  spindles,  with  the  attached  buttons, 
revolve,  the  two  ends  of  the  tape  revolve, 
and  in  such  directions  as  to  prevent  the 
tape  from  twisting,  unless  the  velocities  are 
very  different.  Even  if  the  two  trains  of 
wheels  move  with  unequal  velocities,  when 
independent  of  each  other,  their  motions* 
tend  to  uniformity  when  the  two  spindles 
are  connected  by  the  tape.  Now,  by  moving 
slightly  the  apparatus  at  one  end  of  the 
room,  the  tape  may  be  tightened  or 
loosened.  If  the  tape  is  tightened,  its  rate 
of  vibration  is  increased,  and,  at  the  same 
time,  the  velocity  of  the  spindles  is  dimin- 
ished on  account  of  the  greater  resistance. 
If  this  tape  is  slackened,  its  rate  of  vibra- 
tion is  less,  and  the  velocity  of  the  spindles 
is  greater.  By  this  change  we  can  readily 
bring  the  fundamental  vibration  of  the  tape 
into  unison  with  the  machinery,  and  then 
the  tape  responds  by  a  vibration  of  great 
amplitude,  visible  to  all  beholders.  If  we 
begin  gradually  to  loosen  the  tape,  it  soon 
ceases  to  respond,  on  account  of  the  two- 
fold effect  already  described,  until  the  time 
comes  when  the  velocity  of  the  machinery 
accords  with  the  first  harmonic  of  the  tape, 
when  the  latter  divides  beautifully  into 
two  vibrating  segments,  with  a  node  at  the 
middle  as  the  tension  slowly  diminishes, 
the  different  harmonics  are  successively 
developed,  until  at  length  the  tape  is  broken 
up  into  a  number  of  segments  only  an  inch 
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or  two  in  length,  presenting  the  appearance 
of  a  beautiful  wave  line  : — 

The    eye   is    as  much   delighted  by  this 
visible    music    as    the    ear    could    be    if 


the  vibrations  were  audible.  A  tape  is 
preferred  to  a  cord  in  this  experiment, 
because  it  is  better  seen,  and  any  acci- 
dental twist  it  may  acquire  is  less  trouble- 
some. 


THE  NAEKOW  GAUGE  DISCUSSION. 


From  "Engineering." 


The  Session  1872-73  of  the  Institution  of 
Civil  Engineers  will  long  be  a  memorable 
one,  on  account  of  the  discussion  arising  out 
of  Mr.  W.  Thomas  Thornton's  paper  on  the 
relative  advantage  of  the  5  ft.  6  in.  gauge 
and  of  the  metre  gauge  for  the  new  State 
railways  of  India.  This  discussion,  if  we 
may  give  that  title  to  what  was  little  more 
than  a  systematic  attack  upon  narrow- 
gauge  railway  principles,  extended  to  wider 
limits  than  probably  any  other  in  the  ar- 
chives of  the  Institution,  and  may,  as  was 
doubtless  intended,  exercise  an  important 
influence  upon  the  immediate  future  of  rail- 
way construction  in  India. 

In  fact  the  influence-  which  has  been 
brought  to  bear  upon  the  subject  has  al- 
ready made  itself  felt,  in  the  recent  order 
which  has  been  issued,  to  arrest  the  pro- 
gress of  narrow-gauge  lines  in  India,  until 
the  question  of  gauge  has  been  again  con- 
sidered. 

It  would  be  out  of  place  for  us  to  review 
the  action  which  has  been  taken  in  this 
matter  by  prejudiced  and  interested  engi- 
neers. We  should  have  to  revert  to  a 
period  immediately  succeeding  the  death  of 
Lord  Mayo,  when  the  chances  appeared 
possible  of  reversing  the  joint  decision 
arrived  at  by  him  and'  by  the  Duke  of 
Argyll,  and  of  maintaining  the  broad  gauge 
for  the  contemplated  Indian  extensions. 
We  should  have  to  trace  out  the  various 
means  by  which,  through  a  loug  period, 
pressure  was  gradually  and  steadily  brought 
to  bear  upon  the  Indian  Government,  until, 
influenced  by  the  constant  assurance  that  a 
grave  mistake  had  been  committed,  the 
metre  gauge  was  put  upon  its  trial  at  the 
bar  of  the  Institution  with  Mr.  Thornton 
for  its  advocate  ;  when  this  arrived  the  end 
so  long  aimed  at  was  reached,  and  little 
justice  could  be  expected  from  those  who 
were  most  eager  to  be  examined  as  wit- 
nesses for  the  prosecution,  and  who  at 
the  same  time  constituted  themselves  as 
judges.     After  the  discussion  terminated,  it 


was  decided  to  step  aside  of  the  usual  prac- 
tice at  the  Institution,  and  publish  a  ver- 
batim report  of  all  that  had  been  said  at 
the  various  meetings  upon  the  subject, 
without  delay,  in  order  that  no  time  may 
be  lost  in  bringing  the  influence  of  the 
Institution  to  bear .  in  reversing  the  ob- 
noxious decision  of  Lord  Mayo.  We  need 
not  trouble  to  inquire  here  whether,  in  its 
eagerness  to  achieve  a  desired  purpose,  the 
Council  of  the  Institution  has  not  outstep- 
ped its  functions,  and  for  the  present  we 
may  deal  only  with  the  general  tone  and 
arguments  of  the  memorable  discussion, 
deferring  till  a  more  convenient  oppor- 
tunity, a  more  detailed  criticism. 

The  ground  occupied  by  Mr.  Thornton  is 
briefly  as  follows :  That  by  adopting  the 
reduced  gauge  for  the  contemplated  10,000 
miles  of  new  line,  the  Indian  Government 
would  effect  an  approximate  saving  of 
£10,000,000,  and  would  provide  railways 
which  should  be  fully  equal  in  capacity  to 
those  already  existing. 

The  saving  claimed  was  shown  to  be  within 
reasonable  limits,  both  from  actual  experi- 
ence in  the  construction  of  narrow-gauge 
railways,  and  from  careful  estimates  made 
by  our  most  responsible  engineers ;  while 
as  to  the  capacity  of  a  narrow-gauge  rail- 
way, experience  is  again  teaching  us  every 
day,  that  a  railway  of  a  metre,  or  3  ft.  6  in. 
gauge,  can  with  ease  convey  as  much  traf- 
fic as  the  5  ft.  6  in.  Indian  railways,  and 
that  with  proper  working  they  can  carry 
more. 

Mr.  Thornton  showed  clearly  that  the 
inconvenience  of  a  break  of  gauge  had 
been  grossly  exaggerated,  and  the  cost  of 
transferring  goods  would  form  in  India,  but 
a  very  insignificant  proportion  of  the  saving 
effected  in  construction.  He  omitted  to  add 
that  the  greater  economy  in  working,  which 
is  possible  upon  narrow-gauge  railways, 
would  far  more  than  compensate  for  the 
cost  of  the  exchange  stations. 

In  assailing  the  facts  advanced  by  Mr. 
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Thornton,  several  Tuesday  evenings  were 
expended,  and  numerous  speakers  exhausted 
all  their  arguments  upon  the  subject,  with- 
out, however,  damaging  the  position  Mr. 
Thornton  had  taken  up,  and  in  his  closing 
remarks  that  gentleman  showed  himself 
fully  equal  to  reply  to  the  objections  which 
had  been  raised. 

A  brief  review  of  the  reply  may  perhaps 
convey  the  best  idea  of  the  salient  points  in 
the  discussion,  and  the  tone  of  those  who 
took  a  part  in  it.  Mr.  Thornton  very 
happily  compared  the  speeches  of  Mr.  An- 
drew and  Mr.  G.  P.  Bedder  to  that  of  the 
barrister  who,  having  no  case  to  defend, 
abused  the  plaintiff's  attorney.  Not  that 
there  was  much  fault  to  find  with  Mr.  An- 
drew in  this  respect,  he  did  not  step  beyond 
the  limits  of  special  pleading.  But  it  was 
very  different  with  Mr.  Bidder,  and  the  ex- 
cuse which  Mr.  Thornton  made  for  that 
gentleman, "  that  it  was  only  a  way  he  had," 
was  quite  an  insufficient  one.  Amongst 
other  things,  Mr.  Bidder  stated  that  "  a 
packed  Commission,  with  a  Duke  for  a  dry 
nurse,"  was  sent  to  Norway  to  inspect  the 
narrow-gauge  system  of  that  country.  This 
has  only  one  signification.  A  packed  Com- 
mission is  a  Commission  brought  "  together 
unfairly  and  fraudulently  for  the  attain- 
ment of  some  unjust  end."  Therefore  Mr. 
Bidder  gave  to  the  world  the  statement  that 
the  Duke  of  Sutherland,  Mr.  John  Fowler, 
Major-General  Strachey,  Mr.  Rendel,  and 
others,  had  been  in  fraudulent  collusion  to 
bring  about  an  unjust  end,  and  therefore 
that  Mr.  Fowler  on  the  one  side,  and 
General  Strachey  and  Mr.  Rendel  on  the 
other,  had  submitted  reports  to  the  Indian 
Government  which  they  knew  were  dis- 
honest. This  being  the  most  striking  re- 
mark in  Mr.  Bidder's  speech,  we  need  not 
consider  it  further. 

Carefully  comparing  the  different  esti- 
mates of  economy  in  first  cost  that  could  be 
effected  by  the  adoption  of  the  metre  gauge, 
Mr.  Thornton  showed  clearly  that  the  sum 
he  had  stated,  namely,  of  £1,000  a  mile, 
was  within  the  mark.  With  reference  to 
the  objections  raised  at  the  meeting  against 
the  evils  of  a  break  of  gauge,  which  one 
gentleman  contended  would  be  infinite,  and 
another  asserted  could  not  have  a  money 
value  assigned  to  them,  Mr.  Thornton  con- 
tented himself  by  pointing  out  that  on  a 
branch  of  the  East  Indian  Railway,  the 
actual  cost  of  transferring  goods  is  only  3d. 
a  ton ;  whilst  at  another  place   upon   the 


Eastern  Bengal,  the  cost  of  shifting  freight 
between  the  railway  and  boats  is  but  a  trifle 
over  5d.  a  ton.  These  prices,  which  cor- 
respond with  those  in  all  other  parts  of  the 
world  for  this  work  of  transfer,  should 
surely  be  sufficient  to  answer  all  the  foolish 
objections  raised  upon  this  point.  Estimat- 
ing, then,  the  total  cost  of  shifting  the  freight 
that  would  be  carried  upon  the  proposed 
10,000  miles  of  narrow-gauge  railway,  Mr. 
Thornton  assumed  that  the  excessive  quan- 
tity of  3,330,000  tons  a  year  would  have  to 
be  transferred.  This  at  a  cost  of  4d.  per 
ton  would  involve  an  annual  outlay  of  £50,- 
000,  which  would  have  to  be  deducted  from 
the  saving  effected  in  first  cost,  and  which, 
taking  the  interest  at  5  per  cent.,  would  re- 
present a  yearly  income  of  £500,000.  By 
what  process  of  reasoning,  asked  Mr. 
Thornton,  could  it  be  proved  that  the  In- 
dian Government  would  be  justified  in  in- 
curring an  expense  of  £500,000  a  year  in 
order  to  save  £50,000  ? 

One  reason,  and  that  a  powerful  one, 
could  be  advanced  against  the  adoption  of 
the  narrower  gauge.  If  it  could  be  shown 
that  the  carrying  capacity  of  the  rolling 
stock  is  unsuited  to  military  requirements, 
the  extra  accommodation  would  become 
necessary,  irrespective  of  cost.  But  here 
again  experience  is  at  hand,  and  the  rolling 
stock  designed  and  built  by  Mr.  Rendel  for 
the  narrow-gauge  Indian  lines  6hows  what 
can  be  done  in  this  matter ;  while,  as  Mr. 
Charles  Douglas  Fox  had  stated,  rolling 
stock  of  precisely  the  same  width  as  that 
upon  the  Indian  5  ft.  6  in.  railways,  had 
been  long  in  use  upon  the  Canadian  3  ft.  6 
in.  lines.  Again,  Mr.  Allan  contributed 
some  valuable  narrow-gauge  railway  ex- 
perience from  the  United  States,  gathered 
from  the  Denver  and  Rio  Grande  3  ft.  line, 
which  entirely  answered  the  absurd  state- 
ment of  Captain  Galton,  that  metre  gauge 
ambulance  cars  could  only  convey  two  men. 
The  latest  type  of  the  German  ambulance 
car,  as  exhibited,  at  the  Vienna  Exhibition, 
accommodates  ten  men,  allowing  to  each 
138  cubic  feet  of  space.  The  Denver  and 
Rio  Grande  wagons  are  built  of  6uch  a  size 
that  they  would  accommodate  six  men  with 
the  same  allowance  to  each. 

With  regard  to  the  carrying  capacity  of 
the  metre  gauge  in  times  of  emergency,  it 
must  be  remembered  that  there  is  only  one 
mode  by  which  the  full  measure  of  useful- 
ness of  such  railways  can  be  developed; 
that  is,  by  the  aid  of  Fairlie  engines.     Mr. 
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Lee  Smith,  in  the  course  of  the  discussion, 
contended  that  the  quantity  of  rolling  stock 
proposed  by  the  Government  of  India, 
especially  for  the  Punjab  lines,  was  entirely 
insufficient,  and,  therefore  that  the  estimate 
of  cost  was  incorrect.  Upon  this  point  we 
cannot  do  better  than  quote  part  of  Mr.  ] 
Thornton's  reply ;  we  regret  that  want  of , 
space  will  not  allow  us  to  give  it  in  extenso.  I 

Mr.  Lee  Smith's  proofs  were  given  thus : 
Twelve  trains  a  day,  of  30  metre-gauge 
vehicles  each,  or  360  vehicles  together,  j 
would,  he  said,  be  required  for  the  trans- 
port of  1,000  fully  equipped  men  per  day,  ! 
or  for  7,000  men  per  week  ;  11,000  men 
would  therefore  require  560  vehicles.  Now 
the  whole  length  of  rail  from  Peshawur  to 
Kurrachee  being,  in  round  numbers,  1,100 
miles,  its  aggregate  rolling  stock,  at  the 
rate  assumed  by  Mr.  Thornton,  and  under- 
stood to  be  proposed  by  Government —  I 
namely,  1  engine  and  30  vehicles  per  13 
miles — would  be  84  engines  and  2,538 
vehicles,  which  latter  figure,  divided  by  30 
vehicles — Mr.  Lee  Smith's  allowance  of 
vehicles  for  one  train  — would  yield  a  quo- 


tient of  what?  According  to  Cocker,  of 
about  84  trains ;  according  to  Mr.  Lee 
Smith,  of  only  2.  "What  was  to  be  thought 
of  such  arithmetic  ?  What  but  that  a  man 
might  be  a  responsible  engineer,  and  yet  be 
no  geat  adept  at  ciphering  ? 

We  regret  that  our  space  this  week  will 
not  permit  of  our  following  this  subject 
further  at  present,  and  indeed  a  review  of 
the  whole  discussion  would  extend  beyond 
the  limits  of  many  articles. 

We  should,  however,  allude  to  the  con- 
cluding remarks  of  the  President,  who 
delivered  an  opinion  decidedly  adverse  to 
narrow  gauges.  Moreover,  the  amount 
saved  was,  according  to  him,  insignificant. 
What  is  £10,000,000  for  India,  with  her 
population  of  200,000,000  ?— only  a  shilling 
per  head,  or  one-twentieth  of  a  shilling  for 
interest  upon  the  whole1  amount ! 

On  the  other  hand,  it  might  be  suggested 
that  the  saving  of  the  extra  £10,000,000 
might  mean  half  a  million  less  profit  to  the 
engineers  who  carried  out  the  works.  But 
such  a  consideration  is,  of  course,  one  en- 
tirely without  weight. 
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From  "Journal  of  the  Society  of  Arts." 

The  energy  of  gravity  is  one  of  the  most  l  gies  of  gravity  and  vitality  brought  us 
silent  and  all-pervading  of  the  energies  of  together  this  evening.  Thus  it  has  been 
the  imponderables.  Although  we  may  not  l  ever  since  the  creation  of  man  ;  and  yet 
be  conscious  of  the  fact,  there  need  be  no  |  there  is  good  reason  for  the  surmise  that 
doubt  that,  were   this  energy  to  cease,  we  ;  the  energy  of  gravity,  even  if  known,  was 


should  be  like  those  whom  Milton  de- 
scribes as 

"  Up-whirled  aloft 

And  sent  transverse,  ten  thousand  leagues  awry, 

Into  the  devious  air." 

This  calamity  is  averted  by  gravity  putting 
forth  that  energy  allotted  to  it  by  the  Crea- 
tor, and  the  work  t  us  done  enables  us  now 
to  sit  at  ease,  and  gives  us  houses  in  which 
to  dwell. 

If,  then,  it  be  asked,  where  do  we  find  I 
this  energy?  we  may  say,  "Look  around."  ; 
In  this  room,  gravity,  inasmuch  as  we  are 
at  rest,  produces  but  a  static  action  ;  there 
is,  however,  a  clock  ticking,  and  there  j 
gravity  is  producing  motion.  The  com-  ' 
bined  harmonious  operations  of  the  ener- 


*  By  Rev.  Arthur  Eigg, 
coarse. 


M.  A .;    a  lecture  of  the  Cantor 


little  regarded  in  the  earlier  ages  of  the 
world.  A  history  of  observations  on  the 
energy  of  gravity,  or  even  of  traces  of  the 
recognition  of  this  energy  in  these  ages,  has 
yet  to  be  written.  Whether,  by  some  of 
the  early  Greek  writers,  gravity  was  sup- 
posed to  be  a  power  innate,  as  a  living 
principle — a  spirit  in  every  particle  of  mat- 
ter ;  or  whether  this  power  had  a  residence 
at  the  centre  of  the  earth ;  or  whether  it 
resided  in  an  atmosphere  surrounding  each 
particle  of  matter ;  or  whether  Seneca,  who 
lived  about  38  A.  D.,  was  moved  by  a  con- 
sideration of  (to  him)  that  mysterious  prin- 
ciple we  call  gravity,  to  notice  that  the 
tides  and  the  moon  were  somehow  related, 
need  not,  this  evening,  concern  us. 

From  the  time  of  Seneca  we  may  pass 
over  more  than  1,500  years,  to  the  days  of 
Galileo  (A.  D.  1600),  who  was  perhaps  the 
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first  person  to  notice  that  bodies  in  falling 
moved  faster  and  faster.  He  attributed  this 
to  the  effects  of  gravity,  and  considered  that 
if  he  could  retard  speed  whilst  still  permit- 
ting gravity  to  act,  he  might  determine  the 
law  of  increasing  spaces  in  equal  successive 
times.  This  he  did  by  permitting  a  ball  to 
roll  down  an  inclined  plane  ;  friction  on 
the  plane  caused  the  retardation,  whilst 
gravity  alone  caused  the  motion.  Thus  he 
obtained  the  ratio  of  spaces  in  reference  to 
.  succeding  times ;  but  he  made  no  attempt 
to  measure  the  absolute  spaces  when  a  body 
fell  freely. 

Next  to  Galileo  in  order  of  time  must  be 
placed  Kepler,  a  German  astronomer,  who, 
about  1615,  in  his  search  after  certain 
astronomical  relations,  existing  apparently 
through  the  mutual  attraction  of  the  planets 
each  on  the  other,  was  led  to  surmises  re- 
specting the  universality  of  the  mutual  in- 
fluences of  material  bodies. 

The  succeeding  50  years  present  a  blank 
in  reference  to  inquiries  or  investigations 
respecting  gravity.  Then  came  Robert 
Hooke,  who  was  at  the  same  time  a  mathe- 
matician, an  astronomer,  and  a  mechanician. 
He  was  Secretary  to  the  Royal  Society  of 
England,  and  from  1666  to  1674,  seems  to 
have  frequently  turned  an  inquiring  mind 
to  the  nature  of  that  influence  which  he 
thought  he  could  observe  to  be  exercised  by 
the  sun  and  earth  upon  others  of  the  plane- 
tary system. 

The  great  and  now  (1873)  universally 
recognized  law  upon  this  subject  was  first 
laid  down  by  observations  and  reasonings  of 
Sir  Isaac  Newton,  which  even  at  this  day 
are  regarded  with  an  almost  religious 
veneration  by  the  advanced  and  intelligent 
men  of  every  nation.  Although  it  is  said 
that  Newton  began  in  1670  to  form  more 
clear  conceptions  of  the  law  of  gravitation 
than  had  been  propounded  by  any  of  his 
predecessors,  we  must  remember  on  what 
surmises  he  had  to  build. 

Kepler,  about  1615,  and  Robert  Hooke, 
about  1666,  had  led  Newton,  so  early  as 
the  above-named  date  (1670),  to  form 
these  conceptions,  and  it  is  probable  that 
he  was  confirmed  and  directed  in  his  anti- 
cipation by  the  fact  that  Richer  noticed,  in 
1672,  that  a  pendulum  conveyed  from 
Paris  (lat.  48  deg.  50  min.  N.,  long.  2  deg. 
20  min.  E.)  to  Cayenne,  in  South  America 
(lat.  4  deg.  56  min.  N.,  long.  52  deg.  20 
min.  W.),  did  not  vibrate  in  the  same  time. 
This  recorded  fact  was  as  a  demonstration 


to  the  mind  of  Newton  of  the  deviation  of 
the  figure  of  the  earth  from  perfect  spheri- 
city, and  its  oblateness,  or  compression  at 
the  poles.  It  was  not,  however,  until  the 
publication  of  his  "  Principia,"  in  1687,  that 
the  law  of  gravitation  was  fully  established 
and  enunciated. 

Briefly  expressed,  the  law,  as  anticipated 
by  others  and  propounded  by  Newton,  is 
this — that  the  attraction  of  one  planet 
upon  another  depends  upon  the  masses  (not 
upon  the  "weights")  and  distances  of  the 
two  planets ;  not,  however,  is  the  law  of 
increase  or  decrease  such,  that  at  one  half 
of  a  distance  .  or  double  of  any  distance  is 
the  intensity  of  the  attractive  force  doubled 
or  halved.  This  might  be  a  first  impression. 
Astronomical  facts  refused  to  conform 
themselves  to  such  a  law.  They  rebelled. 
The  parliament  of  planets  had  prescribed 
another  code  for  the  inter-relationships 
of  their  mutual  attractiveness,  and  al- 
though it  might  perhaps  have  been  readily 
inferred  that,  as  the  distance  between  the 
attracting  bodies  was  increased,  the  inten- 
sity of  attraction  would  be  decreased,  yet 
the  law  of  that  decrease  was  the  one  which 
Sir  Isaac  Newton  announced.  It  is  this — 
that  if  there  be  two  heavenly  bodies,  say, 
the  earth  and  the  moon,  and  that  these  at  a 
known  distance  are  mutually  exerting  a 
certain  attraction  or  drawing  each  to  the 
other,  then,  if  the  distance  be  doubled,  the 
influence  will  only  be  one-fourth  of  what  it 
wras.  If  the  distance  be  trebled,  then  this 
influence  will  become  one-ninth  of  what  it 
was ;  if  quadrupled,  then  one-sixteenth  of 
what  it  was.  Expressed  in  precise  phrase- 
ology, the  law  of  gravitation  is  that  of  the 
inverse  square  of  the  distances.  Thus  far 
satisfied  the  requirements  of  astronomers. 

It  is  remarkable  how  much  of  the 
utilized  information  men  possess  has  been 
derived  from  the  observations  of  astrono- 
mers. The  mechanism  of  the  universe  was 
known  before  Harvey  discovered. the  circu- 
lation of  the  blood,  or  Watt  constructed  a 
steam  engine.  The  astronomers  seem  to 
have  been  the  pioneers  of  every  branch  of 
human  knowledge.  The  Old  and  the  New 
Testaments  open  astronomically.  "  In  the 
beginning  God  created  the  heavens  and 
earth."  (Gen.  LI.)  "The  wise  men  from 
the  east  came  to  Jerusalem,  saying,  where 
is  He  that  is  born  King  of  the  Jews  ?  for 
we  have  seen  His  star  in  the  east." 
(Matt.  ii.  2.) 

It  must  be  remembered  that  the  science 
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of  astronomy  in  one  important  respect  dif- 
fers from  all  other  sciences.  Astronomers 
are  observers  only — they  ascertain  causes 
by  watching  effects.  They  cannot  interfere 
with  or  alter  the  causes  in  operation. 
They  cannot  make  experiments.  That 
man  presumed  too  much  upon  the  powers 
of  his  astronomical  friend,  who  having 
invited  him  to  bring  some  of  his  acquaint- 
ance to  see  an  eclipse  of  the  moon  by  the 
aid  of  a  telescope,  and  arriving  too  late, 
assured  those  who  accompanied  him  that 
the  astronomer  was  not  only  a  personal 
friend,  but  also  a  very  kind-hearted  man, 
and  he  did  not  doubt  that  the  eclipse 
would  be  done  again  in  order  that  they 
might  see  it.  Yet  upon  these  observers  all 
experimenters  erect  their  fabrics.  The 
gigantic  and  uncontrollable  phenomena, 
and  all  the  laws  of  the  universe  of  planets 
— of  the  ebb  and  flow  of  the  tides,  of  me- 
teorology, of  terrestrial  magnetism  and  its 
connection  with  the  sun,  are  the  results  of 
observation.  They  could  never  have  been 
known  by  experiment;  indeed,  we  could 
not  so  interfere  with  them  as  to  make  an 
experiment.  Remember,  experiment  is  an 
interference  on  our  part,  and  a  redirecting 
of  energy  into  a  new  channel,  in  order  that 
that  may  be  observed  which  cannot  other- 
wise be  observed.  Hence,  if  we  wish  to 
utilize  observation  it  must  be  by  the  adap- 
tation of  an  experiment  in  the  presence  of 
an  observation — to  contrive,  in  fact  a  sys- 
tem of  apparatus  which  may  enable  us  to 
take  observations  and  at  the  same  time  to 
so  control  the  elements  of  an  experiment 
as  to  bring  them  within  the  range  of  our 
means  of  observation. 

Such  combination  of  experiment  and  ob- 
servation is  to  occupy  much  of  our  attention 
this  evening,  as  on  the  records  of  these 
men — Cavendish,  Atwood,  Kater,  Sabine, 
and  Baily,  especially  Captain  Henry  Kater, 
is  built  our  system  of  measures  and 
weights ;  for  to  them  we  are  indebted  for 
what  must  constitute  a  court  of  final  ap- 
peal, should  the  time  ever  come  when  our 
present  standards  being  totally  lost,  it  is 
essential  to  re-establish  them. 

The  energy  of  gravity  is  peculiar,  and 
differs  from  those  other  energies  with  which 
we  are  to  be  concerned,  in  that  it  seems  in- 
exhaustible— its  power  is  not  proportioned 
to  the  work  it  does.  All  other  energies  are 
in  process  of  exhaustion  by  work  when  that 
work  is  measured  by  motion ;  not  so  grav- 
ity. Imagine  a  large  ball,  and  a  second 
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small  one,  which  gravitates  towards  it — the 
number  of  these  small  balls  may  be  in- 
creased, and  still  the  influence  of  gravity 
on  each  ball  is  as  intense*  as  though  there 
was  only  one  small  ball ;  no  exhaustion 
from  work  done  affects  the  energy  of  grav- 
ity, and  yet  it  seems  not  to  have  any  power 
of  recouping  its  expended  energies.  There 
is  no  elasticity  about  it — at  least,  none  in 
the  hands  of  men. 

For  example,  we  can,  in  food,  avail  our- 
selves of  affinity,  and  so,  through  the 
agency  of  assimilation,  revive  the  energies 
of  an  exhausting  vitality.  Electricity  can, 
upon  a  system  of  relays,  or  upon  its  extra- 
ordinary property  of  induction,  renew  at  a 
distance,  not  only  its  pristine  vigor,  but  an 
energy  many  fold  greater  than  its  original 
one.  Light  can  have  its  intensity  and 
purity  restored  by  heat.  Gravity  re- 
mains in  its  solitariness.  True,  we  be- 
lieve that  vitality,  affinity,  electricity,  light 
and  heat  are  independent  of,  and  be- 
yond the  influence  of,  gravity;  yet,  we 
know  them  not — we  cannot  bring  them 
within  the  ken  of  our  senses,  except  when 
they  are  associated  with  what  owns  the 
dull,  dead,  inert,  and  yet  powerful  in- 
fluence of  the  energy  of  gravity.  For  all 
means  yet  employed  have  failed  to  develop 
or  detect  the  presence  of  these  impondera- 
bles in  a  perfect  vacuum. 

This  fact  seems  to  give  support  to  the 
suggestion  that  the  "  potential  energy  ol 
gravitation  may  be,  in  reality,  the  ultimate 
created  antecedent  of  all  motion,  heat,  and 
light  at  present  existing  in  the  universe." 

The  mode  in  which  we  estimate  or 
measure  gravity  is  peculiar.  It  is  the  only 
one  of  those  energies  with  which  this 
course  of  Cantor  lectures  has  to  deal  that 
tells  its  story  upon  a  scale  beam  or  spring 
balance.  No  concentrated  rays  of  a  tropi- 
cal sun  have  ever  caused  an  appreciable 
deviation  of  the  most  delicate  balance; 
neither  light  nor  heat  imparted  to  a  body 
in  vacuo  has  ever  required  the  friction  of  a 
gramme  to  be  added  to  the  other  scale-pan. 
But  when  gravity  is  concerned  we  cannot 
add  the  most  minute  microscopical  mole- 
cule without  having  the  equilibrium  dis- 
turbed. 

Gravity  alone,  of  all  the  imponderables, 
rises  up  equal  to  the  burden  laid  upon  it. 
Its  power  seems  to  increase  with  the 
amount  of  matter  involved  or  work  to  be 
done.  The  more  required  from  it,  the 
more  it  does.     You  cannot  overburden  it. 
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An  avalanche  of  rocks  or  a  gossamer  thread 
are  equally  the  playthings  of  gravity. 

For  the  purpose  of  these  Cantor  lectures, 
the  law  of  gravitation  which  binds  the 
planets  in  their  courses  is  of  little  concern, 
unless  we  find  that  the  same  law  binds  the 
material  elements  with  which  we  are  con- 
cerned. The  question  whether  the  influ- 
ence whose  law  Sir  Isaac  Newton  so  clear- 
ly propounded  resulted  from  an  unknown 
and  ungovernable  something,  resident  and 
centralized,  as  it  were,  within  the  planets, 
or  whether  it  was  a  property  of  every  mole- 
cule or  group  of  molecules,  was  not  set  at 
rest  until  Nevil  Maskelyne,  the  Astrono- 
mer-Royal at  Greenwich,  went  to  Mount 
Schiehallien,  in  Perthshire,  in  1774,  to  cal- 
culate the  density  of  the  earth. 

The  mountain  of  Schiehallien  has  very 
steep   sides.      Mr.    Maskelyne    suspended 
plumb-lines  from  two  opposite  and  nearly 
vertical  sides.     Now,   if  those  plumb-lines 
deviated  from  what  one  may  call  vertically, 
they  would  have  been  caused  to  deviate  by 
the  attraction  of  the  mass  of  the  mountain. 
Thus   Maskelyne  examined  this, — he  had 
an  instrument  by  means  of  which  he  could, 
by  observations  upon  the  stars,  determine 
the   exact  direction    that    the    plumb-line 
should  take,  and  he  found  that  the  strings 
did  not  take  that  direction.     Having  done 
that  on  one  vertical  side  of  the  mountain, 
he  repeated  the  experiment  on    the  other 
side,    and  found  that  the  deviation  there 
was  opposite  to  that  which  it  was  on  the 
first  side.*     Having  determined  that  these 
strings  no  longer  followed  the  vertical,  he 
formed   an   estimate    of    how   much    this 
mountain  attracted  the  plumb-bob  at  the 
end  of  the  string,  and  so  arrived  at  a  con- 
clusion  that  each  particle  of  matter  does 
attract  every  other  particle.      This  was  the 
first  approximation  to  an  estimate  of  that 
which  forms  a  very  important  element  in 
connection   with   other   experiments.     We 
may  here   state  that  in  certain  regulator 
clocks  the  makers  put  the  single  weight  in 
the  corner  of  the  case,   so  that  being  re- 
moved to  the  greatest  distance  its  influence 
upon  the  pendulum-bob,  similar  to  that  of 
Schiehallien  upon  the  plumb-bob,  may  be 
the  least  possible. 

This,  then,  established  the  fact  that  the 
power  whose  law  Newton  discovered  was 


*  The  deviation  was  noted  by  a  zenith-sector,  and  after 
making  the  requisite  corrections  there  was  left  an  attraction 
which  caused  the  two  lines  to  be  drawn  together,  so  includ- 
ing an  angle  of  12  seconds  due  to  the  mountain. 


no  gnome  resident  in  some  mysterious  ter- 
restrial centre,  but  was  a  property  of  every 
molecule  of  matter,  and  could  not  by  any 
means  or  contrivance  be  separated  from 
those  molecules.  Whether  this  property  be 
within  the  molecule,  or  only  in  what  may 
be  called  the  atmosphere  around  the  mole- 
cule, may  be  left  to  those  who  arrange 
theories. 

Mr.  Michael  suggested  to  Cavendish  an 
experiment  which  has  ever  since  gone  by 
the  name  of  Cavendish's  experiment,  and 
from  which  was  deduced  the  first  pretty 
accurate  calculation  or  actual  measurement 
of  the  density  of  the  earth.  Cavendish,  as 
you  know,  was  a  very  wise  man.  It  is  said 
of  him  that  "  he  was  the  richest  wise  man, 
and  the  wisest  rich  man,  that  the  world 
ever  saw."  He  left  more  than  a  million  of 
money.  He  had  also  another  quality  which 
would  be  very  desirable  to  cultivate  in 
certain  parts  of  this  kingdom  at  the  present 
time — he  uttered  fewer  words  than  any 
other  man  who  attained  the  same  age  is 
supposed  to  have  done.  He  discovered 
many  things,  and,  amongst  others,  he  was 
the  first  to  make  an  attempt  at  weighing 
the  whole  earth,  and  he  weighed  it  with 
an  accuracy  which  has  only  been  confirmed 
in  recent  times. 

The  apparatus  that  Cavendish  used  was 
double  the  size  of  this  which  you  see  before 
you,  but  it  was  similar  in  construction.  He 
had  two  balls  of  lead,  similar  to  these  large 
ones,  suspended  from  a  very  light  bar,  that 
bar  being  trussed,  as  it  is  called,  by  a  kind 
of  triangle  of  wires,  and  the  whole  being  at- 
tached to  a  hook  in  a  pulley,  round  which 
he  passed  a  cord,  by  means  of  which  the 
balls  of  lead  can  be  moved  to  any  position 
you  please.  In  order  to  exclude  every 
external  influence,  the  apparatus  was  in- 
closed in  a  room  of  its  own,  and  to  observe 
the  phenomena  that  took  place  within  that 
closed  room  lamps  were  applied  at  small 
orifices,  and  telescopes  were  placed  at  others. 
In  addition  to  this  apparatus  with  the  two 
balls  of  lead  which  weighed  about  3  cwt. 
each  (as  far  as  my  memory  serves),  he 
had  another  apparatus  placed  below  the 
other,  as  you  see  here.  From  a  centre  im- 
mediately under  the  pulley  to  which  a  frame 
carrying  the  leaden  balls  is  attached,  was 
suspended  by  an  exceedingly  fine  wire  a 
light  rod  with  two  little  balls,  less  than 
bullets,  and  these  balls  held  a  certain  posi- 
tion, and  could  not  move  from  it  beyond 
certain  limits.     Being  placed  in  the  afore- 
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said  enclosed  room,  where  there  were  no 
draughts  or  variations  of  temperature,  or 
anything  external  to  affect  them,  and  they 
had  been  left  for  some  time — say,  for  24 
hours,  they  became  stationary,  and  would 
not  move  unless  some  external  force  were 
applied  to  them.  At  the  end  of  the  light 
bar  carrying  these  small  balls  was  an  ivory 
scale  and  a  pointer,  and  upon  this  was  di~ 
rected  the  light  of  a  lamp  from  outside  the 
room,  whilst  a  knob  was  also  placed  out- 
side, by  turning  which  the  motion  of  the 
large  leaden  balls  could  be  controlled.  At 
another  orifice  was  placed  a  telescope,  by 
means  of  which  the  motion  of  the  pointer 
could  be  observed.  After  the  little  balls 
had  become  quite  stationary,  by  the  cord 
he  very  gently  swung  the  larger  balls  to  a 
position  close  to  the  small  ones,  and  after  a 
certain  lapse  of  time,  varying  from  a  quar- 
ter of  an  hour  to  an  hour,  he  observed  the 
space  through  which  the  small  balls  were 
moved  from  the  position  they  had  occupied. 
It  may  be  well  to  state  that  a  thorough  ex- 
amination had  been  previously  made  as  to 
whether  any  influence  could  be  due  to 
magnetism. 

This  experiment  had  to  be  repeated  very 
frequently,  because  of  the  minuteness  of  the 
range  of  these  balls  and  the  magnification 
of  it.  The  application  of  the  results  was  to 
be  so  important.  He  therefore  made  three 
experiments  on  each  occasion,  and  observed 
the  position  that  the  balls  took.  He  also 
observed  another  matter  which  is  of  great 
consequence,  although  this  evening  to  be 
passed  over  very  lightly,  namely,  the  num- 
ber of  oscillations  made  by  the  small  balls 
before  they  came  to  rest.  These  balls 
oscillate  like  a  pendulum,  and  by  the  num- 
ber of  times  they  swing  before  coming  to 
rest  certain  calculations  of  great  importance 
to  the  inquiry  may  be  made.  These  calcu- 
lations being  completed,  the  conclusion  he 
arrived  at  was  that  the  earth  was  5.4  (say 
5  J  times)  heavier  than  water. 

Now  it  is  only  right  that  you  should  be 
told  how  from  these  balls  the  density  of  the 
earth  can  be  deduced.  The  mass  or  quan- 
tity of  matter  in  these  balls  is  known ; 
their  attraction  upon  the  little  balls  is 
known  from  observation.  The  mass  there- 
fore of  any  other  ball  being  known,  we  can 
tell  the  attraction  that  it  would  have  upon 
these  balls.  It  is  quite  clear  that  if  this 
large  ball  had  double  the  mass,  it  would 
have  double  the  attraction  at  the  same  dis- 
tance ;   if  treble  the  mass,  treble  the  attrac- 


tion, and  so  on.  Again,  if  the  mass  of  the 
little  ball  was  known  and  the  attraction  oi 
the  great  one  known,  and  the  mass  of  the 
great  one  known,  then  if  the  mass  of  an- 
other ball  is  known,  we  shall  get  the  attrac- 
tion of  that  other  ball.  It  should  also  be 
attempted  to  make  clear  how  from  these 
two  balls  we  can  weigh  the  earth,  and 
probably  it  will  keep  your  interest  alive  in 
the  matter  if  informed  that,  in  1835  (Cav- 
endish's experiments  being  made  at  the 
close  of  the  last  century,  about  1798),  Mr. 
Baily,  the  founder  of  the  Astronomical  So- 
ciety, repeated  them.  Mr.  Baily  had  been 
a  stockbroker  in  London ;  he  retired  from 
business,  and  purchased  a  house  in  Tavis- 
tock place,  the  one,  I  believe,  in  which  Mr. 
Digby  Wyatt  now  lives.  He  there  made 
many  experiments,  and  some  most  extraor- 
dinary calculations,  and  did  a  large  amount 
of  astronomical  work.  Amongst  other  things 
he  undertook  to  weigh  the  earth,  and  he 
weighed  it  as  Cavendish  did,  namely,  by  an 
apparatus  constructed  on  the  same  principle 
as  the  one  before  you.  He  swathed  the 
box  or  chamber  in  which  the  balls  were, 
with  flannel,  and  put  a  gilded  cover  over  all. 
He  also  lined  the  inside  with  tin-foil  and  con- 
nected it  by  a  copper  wire  with  the  earth. 
These  precautions  were  intended  to  neutral- 
ize, as  far  as  practicable,  changes  in  atmos- 
pheric temperature  and  terrestrial  electricity. 
How  important  he  considered  it,  you  may 
judge  from  this,  that  he  made  more  than 
2,500  experiments  with  balls  of  this  char- 
acter; he  sat  watching  them  for  1,200 
hours,  and  that  number  of  experiments  ex- 
tended over  some  years.  The  repetition 
was  planned  in  1835,  commenced  in  1837, 
and  concluded  in  1842.  The  result  of 
these  1,200  hours  of  watching,  exclusive  of 
the  calculations  which  followed,  led  to  the 
conclusion  that  Cavendish  was  right  within 
a  fraction  of  2-10ths.,  that  is  to  say,  Caven- 
dish concluded  that  the  density  of  the 
earth  was  5.4  times  that  of  water  ;  Baily 
concluded  that  it  might  be  5.6  times  that  of 
water. 

It  may  be  permitted  to  repeat  the  reason- 
ing in  order  if  possible  to  make  clearer  the 
principle  on  which  it  proceeds.  From  the 
weights  we  know  the  masses  of  the  large 
ball  and  of  the  small  one.  We  know  that 
the  small  balls  in  relation  to  the  large  ones 
were  free  from  the  influence  of  gravity ;  we 
also  know  by  observation  how  much  the 
one  attracts  the  other.  Double  the  ball, 
and  you  get  double    the  attraction,   and 
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so  on.  Now,  we  know  the  size  of  the 
earth,  and  by  placing  this  little  ball  on  a 
spring  balance,  we  know  how  much  the 
earth  will  attract  it.  Therefore,  the  weight 
of  the  little  ball  being  known,  and  the  size 
of  the  earth  being  known,  there  is  nothing 
left  except  the  attraction  to  find  ;  and,  as  we 
have  the  attraction  from  the  two  balls,  we 
can,  by  a  simple  arithmetical  operation, 
determine  that  the  earth  is  5.6  heavier  than 
water. 

This  seems  the  best  opportunity  to  name 
that  the  present  Astronomer  Royal  (Prof. 
Airy),  investigated  by  very  different  means 
and  on  very  different  principles,  this  ques- 
tion of  how  much  heavier  than  a  globe  of 
water-  the  earth  is.  Qualifying  the  con- 
clusions from  his  experiments,  as  himself 
suggests,  consequent  upon  certain  geologi- 
cal considerations,  it  may  be  asserted  that 
Cavendish's  result  is  very  nearly  correct. 

Time  passed  by  ;  Cavendish's  experiment 
was  made,  as  I  told  you,  about  1798,  and 
Baily  repeated  it  about  1835.  We  must 
now  go  back,  as  a  matter  of  history,  to 
Cavendish's  time,  and  the  next  step  we 
arrive  at  in  determining  the  energy  of 
gravity  was  the  experiment  that  was 
made  by  Atwood,  who  was  born  in 
1746.  He  was  a  Fellow  of  Trinity 
College,  Cambridge,  and  was  the  first  to 
entertain  the  idea  of  devising  some  plan  of 
measuring  the  force  of  gravity.  Let  me 
endeavor  to  make  this  matter  clear.  Cav- 
endish determined  the  density  of  the  earth, 
but  he  did  nothing  whatever  as  to  deter- 
mining the  force  of  gravity.  Force,  as 
stated  in  the  first  lecture,  can  only  be 
measured  by  motion.  We  can  easily  ob- 
tain motion  from  the  action  of  gravity,  but 
we  must  observe  that  motion  in  order  to 
measure  force.  If  a  weight  be  let  fall  it  falls 
far  too  quick  ly  to  permit  of  an  estimate  of 
the  rate  at  which  it  falls.  That  rate  is  due 
to  gravity.  Atwood  thought,  as  Galileo 
had  previously  done,  that  by  causing  the 
fall  to  be  delayed,  he  might  be  able  to 
draw  a  conclusion  as  to  the  exact  force  of 
gravity,  and  the  plan  he  adopted  was  this. 
You  are  aware  that  the  intervals  between 
the  ticks  of  a  pendulum  vary  according  to 
its  length.  Here  is  a  pendulum,  and  you 
see  the  rate  at  which  it  is  going  ;  if,  now, 
the  pendulum  weight  be  lowered,  so  as  to 
lengthen  the  rod,  you  may  observe  that  the 
pendulum  ticks  more  slowly — in  fact,  it  is 
now  beating '  seconds.  You  were  told,  in 
the  first  lecture,  that  we  must  have  a  cer- 


tain unit  of  measurement,  and  the  second 
is  the  unit  of  measurement  usually  taken 
for  time.  If  we  want  smaller  measurements, 
for  it  is  easy  to  divide  the  second  into  a 
hundred  parts,  they  are  taken  by  another 
contrivance.  A  very  simple  and  sufficient 
one  is  a  clepsydra,  or  water  clock,  arranged 
specially  for  this  purpose. 

What  Atwood  thought  of  doing  in  order 
to  measure  the  force  of  gravity,  having,  you 
remember,  no  previous  measurements  to 
guide  him  (for  Galileo  did  not  touch  the 
problem  that  Atwood  proposed  to  solve), 
was  to  take  two  weights  evenly  balanced 
over  pulleys  such  as  these,  the  apparatus 
being  most  delicately  made.  You  see  that 
these  two  small  weights  are  exactly  balanc- 
ed, one  being  at  each  end  of  a  cord  which 
passes  over  pulleys  at  the  top  of  the  appa- 
ratus, so  that  the  weight  in  descending 
passes  down  in  front  of  a  graduated  scale. 
These  weights,  then,  are  exactly  balanced. 
Here  are  three  very  small  weights,  fraction- 
al parts  of  the  ones  which  are  suspended. 
If  one  of  these  small  weights  falls  by 
itself,  it  would  fall  so  rapidly  that  its  rate 
of  falling  could  not  be  observed  ;  but  if, 
whilst  it  is  falling,  it  is  caused  to  bring  this 
mass  of  matter  with  it,  the  rate  of  falling 
will  be  retarded,  whilst  the  law  of  the  rate 
remains  the  same,  that  is,  the  law  which 
governs  the  rate  of  falling  will  be  similar, 
although  the  mass  moved  is  increased.  If 
now  there  be  placed  upon  one  of  these  bal- 
anced weights  two  of  these  little  fractional 
weights,  there  is  a  something  that  will  cause 
the  connected  mass  to  move,  and  this  plat- 
form at  the  bottom  will  be  struck  about 
four  seconds  after  the  motion  commences. 
The  usual  plan  is  to  let  the  motion  be  com- 
menced by  electricity,  which  at  the  same 
time  sets  the  pendulum  in  motion.  You 
can  count  the  strokes  of  the  pendulum  from 
the  commencement  to  the  end  of  the  mo- 
tion. You  can  see  this  mass  of  matter  has 
been  moved  through  18  spaces  in  four 
seconds.  If  the  measure  be  altered,  you 
will  readily  understand  that  these  frac- 
tional weights  would  carry  it  through  a 
different  space  in  the  same  time ;  if  other 
weights  be  put  on,  they  would  carry  it 
through  other  spaces.  The  experiment  as 
made  before  the  apparatus  was  brought 
here  shows  that  the  force  of  gravity  is  such 
as  to  cause  a  body  to  fall  through  about  32 
it.  in  one  second,  the  meaning  being  that 
if  this  small  weight  had  not  been  required 
to  bring  the  other  weights  along  with  it, 
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then  it  would  have  fallen  from  rest  through 
32  ft.  in  the  first  second.  That  was  the 
first  attempt  of  estimating  by  measurement 
the  force  of  gravity. 

But  Atwood's  apparatus,  though  exceed- 
ingly good  as  matter  of  illustration,  falls 
very  far  short  indeed  of  that  which  Captain 
Kater  adopted ;  and  all  that  we  have, 
and  all  that  we  know,  of  the  form  of  the 
earth,  and  the  true  kinetic  measure  of 
gravity,  spring  from  Kater' s  experiments, 
and  not  from  either  Cavendish's,  Baily's, 
or  Atwood's.  Kater  felt  that  if,  instead  of 
weights  falling  as  they  have  fallen  in  the  ex- 
periments of  Atwood,  he  could  observe  the 
effect  of  gravity  upon  the  weight  falling, 
without  associating  it  with  other  weights,  if 
it  could  be  kept  quite  distinct,  and  if  in  any 
way  he  could  cause  gravity  to  repeat  the 
operation  slowly  and  deliberately  without 
any  interference  whatever,  we  might  get  at 
the  conclusion  much  more  rapidly  than  At- 
wood could  by  his  arrangement,  because 
the  friction  of  the*  wheels,  the  weight  of  the 
cord,  and  other  incidental  matters  affect  the 
problem.  What  Kater  did  was  to  design  a 
pendulum  of  which  this  is  a  copy.  It  was 
from  a  pendulum  like  this  that  not  only  was 
the  force  of  gravity  determined  in  all  parts 
of  England,  but  also  the  form  of  the  earth 
itself  has  been  decided  and  estimated.  Our 
standards  of  weights  and  measures  all  come 
from  a  pendulum  like  this.  If,  in  fact,  the 
standards  were  all  lost,  it  would  be  from 
such  a  pendulum  they  must  be  restored. 
Let  me  anticipate  the  conclusion  by  stating 
that  when  the  standards  were  lost  in  the 
burning  of  the  houses  of  Parliament,  they 
were  restored  by  seeking  for  copies,  because 
the  great  number  of  corrections  and  the 
great  difficulty  of  counting  this  pendulum 
and  freeing  it  from  interfering  causes,  are 
very  serious  obstacles.  Few  are  aware  of 
the  enormous  difficulty  there  is  in  placing 
a  pendulum  so  as  to  be  free  from  external 
influences  and  counting  the  oscillations 
of  it. 

Whilst  upon  weights  and  measures,  your 
attention  may  be  directed  to  a  small  piece 
of  wood  here,  which  is  a  model  of  the  stand- 
ard one-pound  weight  of  Great  Britain.  It 
is  one  which  a  committee  of  learned  men 
obtained,  and  this  in  my  hand  is  a  copy. 
The  real  standard  is  made,  of  platinum.  It 
is  a  cylinder  1.35  in.  high  and  1.15  in.  in 
diameter.  Observe  there  is  a  groove  turned 
in  it  and  there  is  an  ivory  fork  by  which  it 
is  to  be  lifted — these  standards  are  not  to  be 


touched.  There  are  only  five  of  them  made, 
and  if  ever  the  1-lb.  weight  is  lost  in  Eng- 
land, it  is  to  be  recovered,  not  by  repeating 
Kater' s  experiments,  but  by  copying  one  or 
other  of  these  five  standards.  The  five  are 
kept — one  at  the  Exchequer  Chambers,  at 
Westminster,  one  at  the  Royal  Mint,  one 
with  the  Royal  Society,  one  at  the  Royal 
Observatory,  Greenwich,  and  one  is  im- 
mersed in  the  sill  of  the  recess  on  the  east 
side  of  the  lower  waiting  hall  of  the  New 
Palace  at  Westminster. 

To  return,  then,  to  Kater's  experiments. 
He  had  first  to  determine  a  pendulum 
which  should  vibrate  seconds  in  the  latitude 
of  London.  He  did  it  in  the  house  of  Mr. 
Brown,  in  Portland  place,  which  house  has 
an  astronomical  bearing  from  Portland 
Chapel  of  74  deg.  38  min.  50  sec.  west  from 
north,  the  distance  being  283  ft.,  and  there- 
fore the  house  is  about  halfway  up  Portland 
place  on  the  left-hand  side.  In  that  house 
the  pendulum  was  first  adjusted.  Nothing 
seems  easier  than  to  deal  with  a  simple  vi- 
brating ball  on  a  string.  It  is  not,  however, 
so  easy  as  it  seems.  It  cannot  be  made  to 
swing  in  the  same  plane  as  this  one  now 
appears  to  do.  If  left  free  to  choose  its 
plane  of  vibration,  it  is  seldom  contented. 
It  will  not  have  a  dozen  swings  in  the  same 
plane ;  it  must,  therefore,  some  how  or  other, 
be  made  rigid,  and  so  prevented  from  such 
vagaries.  Here  is  a  small  vessel  of  lead, 
hanging  by  a  bundle  of  untwisted  fibres 
from  a  hook,  and  you  might  think  nothing 
could  be  easier  than  to  let  it  swing  back- 
wards and  forwards  on  the  same  path ;  but 
it  will  not  swing  for  two  minutes  on  the 
same  path ;  hence,  pendulums  are  all  com- 
pelled to  act  in  restrained  paths,  and  gen- 
erally supported  on  knife  edges.  French 
clocks  have  two  strings  of  silk  to  the  pen- 
dulum. These  are  fastened  to  two  hooks 
at  the  top,  and  the  pendulum  rod  being 
hung  from  the  junction  of  the  two  silken 
cords,  it  is  constrained  to  describe  a  path  in 
a  plane  at  right  angles  to  that  in  which  are 
the  silk  threads.' 

To  return  to  the  leaden  vessel.  It  is  now 
filled  with  fine  white  sand,  and  at  the  bot- 
tom there  is  an  opening  out  of  which  ^  the 
sand  can  trickle  whilst  the  vessel  swiDgs 
freely.  The  figure  caused  by  the  sand 
falling  on  a  board  beneath  will  show  the 
path  that  the  vibrating  body  describes. 
It  shall  now  be  let  go  in  what  appears  to 
be  a  straight  line.  If  you  watch  that  path 
you  will  see  it  is  a  very  curious  one.     The 
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sand  at  once  indicates  that  the  ends  of  the 
line  are  travelling  round,  also  that  the  line 
itself  is  becoming  wide  in  the  middle.  In 
fact,  a  straight  line  is  seldom  formed  by  the 
falling  sand  from  such  pendulums.  Even 
if  a  circular  path  be  commenced,  you  will 
find  it  cannot  be  retained.  It  reminds  one 
very  much  of  one  of  the  secular  astronomi- 
cal changes,  that  is,  our  year  of  365  days 
and  a  fraction  results  from  this  gradual  ad- 
vance of  the  perihelion  path  of  the  orbit  of 
the  earth  ;  observe  it  tends  first  to  a  straight 
line,  then  through  an  ellipse  to  a  circle,  and 
then  a  return  action  commences,  and  it  will 
repeat  this  process  from  the  straight  line 
opening  out  again,  and  so  pass  on  through 
various  phases,  until  it  comes  to  rest. 
Hence  a  pendulum  constructed  of  a  simple 
form  is  of  no  value,  and  yet  it  is  in  its  sim- 
ple form  we  require  it.  It  was  needful  to 
assume  for  the  purpose  of  the  calculation 
that  we  can  make  a  pendulum  do  that 
which  this  swinging  vessel  of  sand  is  not 
doing. 

Captain  Kater  was  the  first  to  deal  with 
the  case  of  converting  the  compound  pen- 
dulum into  a  simple  one.  A  pendulum  is 
said  to  be  a  simple  one  when  it  consists  of  a 
heavy  particle  at  the  end  of  a  very  light 
thread.  Such  is  almost  an  imaginary  pen- 
dulum. All  pendulums  that  we  see  are 
compound  ones.  Now,  by  pursuing  the 
plan  adopted  by  Captain  Kater,  he  was 
able  to  obtain  from  the  compound  pendu- 
lum what  would  be  the  length  of  an  equiv- 
alent simple  pendulum.  His  pendulum  has 
two  pairs  of  knife  edges,  a  pair  at  the  up- 
per end,  on  which  it  swings,  and  a  pair  at 
the  lower  end.  He  placed  one  pair  of  these 
knife  edges  on  a  smooth,  hard  surface,  so 
that  the  pendulum  might  vibrate  without 
anything  causing  it  to  continue  its  vibrations 
except  the  force  of  gravity.  Now,  if  you 
look  to  this  diagram  you  will  see  the  motions 
of  a  compond  pendulum.  If  it  were  short 
it  would  move  thus,  and  if  it  were  longer  it 
would  move  more  slowly.  The  black  dots  in 
the  diagram  represent  the  lower  ends  of 
pendulums  of  different  lengths.  Assume 
that  the  black  dots  are  the  ends  of  separate 
pendulums,  one  behind  the  other,  from  the 
same  support,  they  will  then  occupy  those 
places  after  the  same  interval  of  time  from 
rest;  if,  however,  these  pendulums  are 
united,  then  the  one  is  kept  back  by  the 
action  of  the  other ;  now  they  are  really 
united  in  a  compound  pendulum.  There 
s,  however,  some  point  or  other  at  which, 


if  all  these  masses  were  concentrated,  the 
velocity  at  that  point  would  be  the  velocity 
of  the  mass,  therefore  such  a  pendulum 
would  vibrate  in  the  same  time,  and  it 
would  be  called  a  simple  pendulum. 
Kater  found  that  this  collected  point, 
which  is  called  the  centre  of  oscillation, 
and  this  at  which  the  pendulum  is  sus- 
pended, are  interchangeable ;  in  fact,  he 
found  that  if  the  pendulum  was  accurately 
adjusted  by  means  of  these  movable 
weights,  he  could  suspend  it  upon  a  pair 
of  the  knife-edges, -and  he  could  get  a  cer- 
tain number  of  vibrations  in  a  minute  or  a 
second.  Then,  if  he  turned  it  upside  down, 
assuming  the  pendulum  to  be  right,  and 
caused  it  to  swing  as  before,  upon  the 
other  pair  of  knife  edges,  it  would  make 
the  same  number  of  vibrations.  Those 
two  points  he  marked,  and  the  distance 
between  them  is  the  length  of  an  equivalent 
simple  pendulum.  With  such  a  compound 
pendulum  as  now  described,  and  of  which 
the  one  before  you  is  a  copy,  counting  the 
number  of  vibrations  it  makes,  you  can  al- 
ways deduce  the  length  of  a  simple  pendu- 
lum that  would  make  the  same  number  of 
vibrations. 

What  Kater  did,  then,  was  this — he  had 
a  clock  kept  going,  strictly  to  truth,  that  is, 
to  true  astronomical  time.  The  clock  was 
furnished  with  a  gridiron  pendulum  of  the 
construction  shown  in  the  diagram,  and 
so  carefully  arranged  as  not  to  be  altered  in 
length  in  consequence  of  change  of  tempera- 
ture. On  the  bob  of  the  pendulum,  in  front, 
was  a  white  speck,  as  on  the  pendulum  bob 
of  this  clock.  He  placed  the  compound 
gravity  pendulum,  which  has  been  describ- 
ed, in  front  of  the  clock,  the  clock  pendu- 
lum beating  86,400  strokes  per  mean  solar 
day.  The  rate  of  the  clock  was  determined 
by  astronomical  observations,  and  therefore, 
on  any  part  of  the  earth's  surface,  it  would 
be  possible  to  so  arrange  the  solar  pendu- 
lum that  the  clock  should  always  record 
86,400  beats  in  a  mean  solar  day. 

Now  let  us  turn  to  this  two-ended  pen- 
dulum of  Capt.  Kater.  It  is  of  an  invari- 
able length,  and  acted  upon  directly  by  the 
force  of  gravity ;  there  are  no  weights  or 
clockwork  in  connection  with  it.  When  it 
is  up  on  one  side,  it  is  the  power  of  gravity 
that  causes  it  to  fall,  and  it  is  gravity  which 
keeps  it  going.  If,  for  example,  a  powerful 
magnet  be  placed  under  that  pendulum, 
then  it  will  come  to  rest  sooner  than  it 
would  otherwise  do,  because  it  is  pulled 
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down  with  greater  force.  If,  therefore, 
gravity  changes  in  its  pull  on  this  pendu- 
lum, it  will  tell  on  the  rate  of  its  vibrations. 
The  rate  of  vibration  of  the  equivalent 
simple  pendulum  is  known,  because  it  has 
been  calculated  from  this  compound  one; 
hence,  if  this  compound  pendulum  be  plac- 
ed in  front  of  the  clock  keeping  astronomi- 
cal time,  and  if  the  vibrations  of  the  pen- 
dulum be  counted  whilst  the  vibrations 
of  the  clock  pendulum  are  being  recorded, 
it  might  be  ascertained  whether  the  force 
of  gravity  varied  in  different  places. 

The.  means  by    which  Kater   compared 
these  vibrations  are  very  simple.     You  see 
the  white  speck,  previously  referred  to,  on 
the  bob  of  this   gridiron   pendulum.     He 
took  a  telescope  and  placed  it  at  some  dis- 
tance on  a  level  with    that  white    speck. 
Between  the  white  speck  and  the  telescope, 
and  near  to  the  gridiron  pendulum,  swung 
the  gravity  pendulum,  which  moved  slower 
than  the  other,  being  made  a  little  longer. 
Keeping  his   eye   upon  the  telescope,   and 
directed  upon  a  narrow  piece  at  the  end  of 
the  gravity  pendulum,  which  was  the  same 
width  as  the  white  circular  speck  upon  the 
]pob  of  the  clock  pendulum,  he  could  tell 
when  the  two  coincided.    As  one  pendulum 
swung  slower  than  the  other,  it  was  quite 
clear  that  a  coincidence  must  take  place, 
and  he  noted  the  time  of  the  coincidence. 
That  was  the  beginning  of  counting  vibra- 
tions, and  he  then  waited  until  they  separ- 
ated and  until  the  .coincidence  again  took 
place  a  second  time,  which  gave  the  number 
of  the  vibrations  in  a  given  time  as  record- 
ed by  the  clock.     Experiments  like  these 
were  repeated  very  frequently  and  carefully, 
until  at  length  the  average  was  obtained  as 
to  the  number  of  vibrations  that  this  gravity 
pendulum  made,  compared  with  the  vibra- 
tion that  the  one  on  this  mean  solar  clock 
made.     Within  the  tube  of  this  telescope 
there  are  crossings  of  very  fine  wires—  so  fine 
as  to  be  hardly  visible  to  unaided   vision ; 
the  threads  of  a  spider's  web  were  formerly 
used  for  this  purpose.     A  spider  is  taken  in 
the  fingers,  then,   if  shaken,   he. would  run 
his  web  out  to  save  himself,  and  this  web 
was  placed  in  the  focus  of  the  eye-piece,  and 
the  threads  were  so  that  the  crossing  of  them 
was  in  the  axial  line  of  the  telescope.     It 
was  by  looking  along  that  axial  line  that 
the  time  was  observed  when  the  coincidence 
of  these  two  pendulum  marks  took  place. 
The  accuracy  with  which  that  was  done  is 
more  easily  to  be  imagined  than  realized. 


Assuming  that  this  has  been  accomplish- 
ed, let  us  look  for  a  moment  to  other  ele- 
ments which  would  disturb  the  result.  In 
the  first  place,  the  pendulum  vibrated  in 
air  ;  and  you  were  told,  in  the  first  lecture, 
that  a  body  weighed  in  air  and  weighed  in 
any  other  medium  is  not  balanced  by  the 
same  weight.  Hence  the  effect  of  the 
air  upon  the  pendtflum.  has  to  be  consider- 
ed. Then  the  pendulum  is  vibrating  in  a 
changing  atmosphere,  sometimes  warm, 
sometimes  cold,  and  a  change  of  the  tempe- 
rature causes  an  expansion  or  contraction  ; 
hence  the  effect  of  that  expansion  was  to  be 
considered.  And,  simple  as  it  seems,  to 
estimate  whether  a  pendulum  is  longer  or 
shorter  is  reallv  very  difficult.  Indeed,  great 
was  Captain  Kater' s  perplexity  about  it. 

He  measured  the  length  of  his  pendulum 
thus ;  he  formed  a  box  similar  to  the  one 
on  the  table,  and  laid  his  pendulum  in  it, 
and  applied  a  microscope  over  one  of  each 
pair  of  opposite  knife-edges,  placing  behind 
them  a  piece  of  white  paper,  so  that  the 
edge  might  be  seen.  He  then  applied  the 
microscope.  Again  he  put  beneath  them  a 
piece  of  black  paper,  and  he  found  that  the 
measurement  with  the  white  paper  was 
never  the  same  as  the  measurment  with  the 
black  paper.  After  describing  how  with 
microscopes  he  attempted  to  measure  be- 
tween knife-edge  and  knife-edge,  by  plac- 
ing them  when  white  on  a  black  ground, 
and  when  black  on  a  white  ground,  he 
adds  : — "  In  one  case,  the  knife-edges 
seemed  to  start  forward  to  each  other." 
This  difficulty  is  summed  up  thus: — "  On 
the  cause  of  this  extraordinary  fact  I  can 
hazard  no  conjecture,  and  it  remains  an 
interesting  subjeot  for  future  investigation." 
We  now  know  that  this  resulted  from  a 
phenomenon  called  "irradiation."  Hence 
he  was  bound,  even  in  looking  through 
those  microscopes,  to  strike  an  average  of 
the  apparent  errors. 

Another  error  that  occurred,  which  he 
also  found  great  difficulty  in  remedying, 
and  indeed  never  did  remedy,  so  that  in 
fact  the  experiments  he  made  are  liable  to 
some  infinitesmal  corrections  still,  was 
this  : — If  a  pendulum  vibrates,  as  this  one 
was  doing  just  now,  the  air  clings  to  it,  and 
is  carried  along  with  it,  from  what  is  called 
the  "viscosity"  of  the  air.  That  viscosity 
is  such,  that  if  you  were  to  put  a 
short  piece  of  gold  leaf  projecting  edge- 
ways upon  the  face  of  the  pendulum 
bob,  you  would  find  that  the  gold  leaf  moved 
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with  the  action  of  the  pendulum,  and  was  car- 
ried along  with  it,  so  that  it  turned  neither 
to  one  side  nor  the  other.  If,  however, 
the  gold  leaf  projected  beyond  a  certain  dis- 
tance, then  you  would  find  it  bend  with 
the  air.  Therefore  the  atmosphere  in  im- 
mediate contact  with  the  bob  was  dragged 
along  with  the  pendulum,  and  that  par- 
ticular element  Captain  Kater  was  not 
aware  of.  Government,  some  years  ago,  in 
order  to  set  this  question  at  rest,  had  large 
vacuum  chambers  erected,  and  pendulums 
set  vibrating  in  them,  to  ascertain  how 
great  an  error  was  caused  by  the  viscosity 
of  the  air. 

Captain  Kater  having  determined  the 
length  of  this  pendulum  in  the  latitude  of 
London  in  1818,  it  was  thought  of  great 
consequence  to  ascertain  how  far  the  force 
of  gravity  varied  in  different  latitudes. 

A  memorial  was  presented  to  the  Govern- 
ment in  1818  in  order  to  ascertain  by  means 
of  a  pendulum  how  gravity  varied  through- 
out the  British  Isles,  and  Kater  was  com- 
missioned to  take  steps  for  the  purpose. 
Government  placed  at  his  disposal  certain 
members  of  the  Royal  Corps  of  Engineers, 
with  whom  he  set  out  to  the  north  of  Scotland, 
and  made  experiments  at  various  places. 
He  went  up  to  Unst,  in  the  Shetland  Isles, 
then  he  came  down  to  Portsoy,  then  to 
Leith,  then  down  to  Clifton  in  Yorkshire, 
then  to  Ashbury,  then  to  London,  and  then 
to  the  Isle  of  Wight,  and  in  each  of  those 
places  he  made  certain  experiments  based 
upon  the  principles  now  too  briefly  describ- 
ed. This  lecture  would  extend  far  beyond 
the  allotted  time  if  it  entered  into  details 
with  reference  to  local  arrangements  and 
special  calculations.  It  may  suffice  to  refer 
to  the  table  on  the  wall  for  particulars  of 
the  results.  The  following  is  a  copy  of  the 
table  :— 


Name 

of 

place- 


Unst 

Portsoy 

Leith  Fort 

Clinton     

Ashbury  Hill  . . 

London 

Shanklin,  orjf 
rather  Dun-  > 
more } 


Latitude 

of 
Place. 


deg. 
60 
57 
55 
53 
52 
51 


Vibrations 

in 

a  mean 

solar 

day. 


28  2  86,096.90 
58  65  86,086.05 
40.8  I  86,079  40 
43  12  86,068.90 
55.32  86,065.05 
8.4     86,061  52 


50    37    23.94   86.058.07 


LenPTth 

of  a 

pendulum 

to 

vibrate 

seconds. 


39.17146 
r 9. 16159 
39.15554 
39.14600 
39  14250 
39.13829 

39.13614 


From  this  table  it  will  be  seen  that  the 
length  of  a  pendulum  vibrating  seconds  in 
the  places  respectively  entered  is  that  given 
in  the  last  column. 

These  lengths  are  sufficient  to  enable  a 
mathematician  to  calculate  the  force  by 
which  the  pendulum  is  caused  to  swing. 
Now,  as  the  only  force  causing  the  swing 
is  that  of  gravity,  such  a  calculation  deter- 
mines the  force  of  gravity  at  that  place  in 
relation  to  its  power  to  produce  motion. 
Hence  is  deduced  those  39  in.,  which,  in 
ordinary  expression  is  thus  broadly  stated 
to  be  the  length  for  pendulums  vibrating 
seconds  in  the  latitude  of  London. 
Captain  Kater  deduced  that  39.13829  in. 
was  the  length  of  a  pendulum  vibrating 
seconds  in  Mr.  Brown's  house  in  London. 
This  length  requires  to  be  reduced  to  sea- 
level.  Now,  the  rooms  of  the  Royal 
Society,  at  Somerset  House,  are  81  ft.  above 
low-water,  and  by  the  aid  of  a  mountain 
barometer,  made  by  Ramsden,  Kater  found 
the  room  in  Portland  place  to  be  2  ft. 
below  those  of  the  Royal  Society,  and  as 
the  length  of  pendulum  above  the  floor 
was  4  ft.,  the  elevation  of  pendulum  above 
sea-level  is  83  ft.*  Now  gravity  varies  in- 
versely as  the  square  of  the  distance  of  the 
place  from  the  centre  of  the  earth,  therefore 
the  length  of  pendulum  must  be  increased  in 
this  proportion ;  and  taking  the  radius  of  the 
earth  for  the  latitude  of  Portland  place  to 
be  3954.583  miles,  we  have  39.1386  in.  for 
pendulum  vibrating  seconds  at  the  level  of 
the  sea  in  the  latitude  of  London. 

The  greatest  difference  between  the 
mean  and  that  of  any  of  the  sets  of  ex- 
periments is  only  .00028  of  an  inch,  or 
ts-jWs"  of  length  of  pendulum.  The  length 
39.1386,  as  thus  determined,  is  that  re- 
quired to  perform  one  vibration,  in  -y-g-J ■$■$  of 
a  mean  solar  day,  under  the  circumstances 
described,  and  at  the  level  of  the  sea. 

Finding  how  much  could  be  obtained 
from  this,  with  regard  to  the  British  Isles, 
Government  commissioned  Captain  Sabine 
to  go  to  different  places  on  the  east  coast  of 
Africa,  the  Island  of  Ascension,  Bahia, 
Trinidad,  Jamaica,  New  York,  Greenland, 
and  Hammersfest  in  Norway,  and  repeat 
Captain  Kater's  experiments.  These  ex- 
periments are  repeated,  and  then,  by  an 
arithmetical  process,  which  need  not  be 
referred  to  in  detail,  it  was  very  easy,  hav- 


*There  is   reason   to  conclude  that  these  measurements  re- 
quire to  be  corrected. — A.  R. 
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ing  given  the  number  of  vibrations  of  this 
invariable  pendulum  (for  the  distance  be- 
tween these  knife  edges  did  not  vary),  per- 
formed in  a  solar  day,  to  calculate  the 
power  that  was  pulling  it ;  and  from  that 
calculated  power  could  be  obtained  the 
mass  of  the  earth  beneath  the  place  where 
it  was  being  pulled,  making,  of  course,  all 
the  allowances  for  corrections  and  other 
circumstances.  That  calculated  power 
gives  the  32  ft.  which  we  are  all  acquainted 
with  as  the  measurement  of  gravity.  The 
meaning  of  which  is,  that  gravity  will 
generate  in  a  1  lb.  weight,  in  1  sec,  a  ve- 
locity 32  times  greater  than  that  which  it 
is  agreed  shall  be  called  the  unit  or  absolute 
measure  of  force.  Put  conversely — the 
absolute  unit  of  force  is  equal  to  the  weight 

„16oz. 
oi  z^nr  =  h  oz.  nearly. 


32.2 


Capt.  Foster  afterwards  repeated  these 
experiments,  and  made  others,  and  from 
them  has  been  obtained  the  figure  of  the 
earth,  and  calculations  of  all  kinds  used  in 
scientific  investigations  throughout  the  globe 
depend  upon  them.  Captain  Foster  was 
unfortunately  drowned  in  the  river  whilst 
observing  some  of  his  experiments,  but  Mr. 
Baily  undertook  to  tabulate  his  results,  and 
completed  the  calculations  on  the  data 
which  had  been  obtained  by  Captain  Foster's 
observations.  The  calculations  Mr.  Baily 
made  for  this  purpose  occupy  many  closely- 
printed  quarto  pages  of  figures.  The  result 
was  solely  to  ascertain  the  length  of  the 
pendulum,  and  so  deduce  the  figure  of  the 
earth.  Great  beyond  all  ordinary  estimate 
is  the  amount  of  care,  patience,  presever- 
ance,  and  anxiety  that  attends  experiments 
of  this  kind. 


ON  THE  MOLECLLAR  CHANGES  PRODUCED  IN  IRON  BY  VARIA- 
TIONS OF  TEMPERATURE. 


By  Professor  R.  H.  THURSTON. 


From  "Iron  Age." 


1.  To  determine  with  accuracy  what  are 
the  molecular  changes  which  are  produced 
in  iron  by  variations  of  temperature,  and  of 
other  physical  conditions,  it  should  be  first 
ascertained,  by  experiment  and  observation, 
what  are  the  normal  relations  of  the  mole- 
cules, and,  afterwards,  by  similar  means,  in 
what  way  and  to  what  extent  those  relations 
may  be  naturally  or  artificially  altered. 

So  much  having  been  done,  the  investi- 
gation of  the  changes  in  the  mechanical 
properties  of  iron,  which  result  from  these 
molecular  changes,  is  a  secondary  research, 
and  should  naturally  follow  the  preceding, 
as  its  sequel. 

The  almost  insuperable  difficulties  which 
are  encountered  in  attempting  to  deal  with 
particles  of  seemingly  infinitesimal  dimen- 
sions, and  with  intermolecular  spaces  of  im- 
measurably minute  extent,  have,  as  yet, 
prevented  a  satisfactory  prosecution  of  the 
first  part  of  the  investigation  by  even  the 
ablest  physicist,  and  the  second  division  of 
the  subject  still  remains  as  a  problem  only 
partially  solved,  notwithstanding  the  fact 
that  a  considerable  amount  of  experiment 
and  discussion  has  thrown  light  upon  it. 

2.  The  following  may  be  considered  as  a 
statement   of  the  most  generally  accepted 


views  of  the  molecular  constitution  of  mat- 
ter ;  views  which  are  usually  considered  to 
most  fully  accord  with  observed  phenome- 
na. 

(1.)  All  matter  consists  of  indefinitely 
small  parts,  having  dimensions  and  forms 
which  are  unchangeable  by  finite  power, 
and  which  are  endued  with  the  properties 
of  impenetrability  and  inertia. 

(2.)  These  "atoms"  are  separated  by 
spaces  which  are  absolutely  very  small,  but 
which  are  immensely  great  in  comparison 
with  the  atoms  themselves. 

(3.)  Several  atoms,  when  united  by 
chemical  force,  form  a  molecule,  and  aggre- 
gations of  molecules,  with  intermolecular 
spaces,  make  up  the  masses  of  all  matter. 

(4.)  Forces,  both  of  attraction  and  repul- 
sion, exist  between  atoms  and  molecules. 
These  forces  vary  in  intensity  with  changes 
of  distance  between  molecules.  The  result- 
ant of  these  sets  of  forces  is  sometimes  at- 
tractive and  sometimes  repulsive,  changing 
at  times,  and  under  definite  conditions,  from 
the  one  direction  to  the  other.  There  may 
thus  be  exhibited  several  alternations  of 
attraction  and  repulsion  within  a  very  mi- 
nute range. 

(5.)  At  sensible  and  measurable  distances 
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the  attractive  force  varies  inversely  as  the 
square  of  the  distance  between  the  centres 
of  attraction,  and  is  termed  gravitation. 

(6.)  Gases  manifest  repulsion  only  in  a 
degree  which,  in  "  permanent "  or  perfect 
gases,  varies  inversely  as  the  volume  of  the 
mass. 

Liquids  exhibit  a  perfect  equilibrium  of 
attractive  and  repulsive  forces,  but  offer 
immense  resistance  to  the  disturbance  of 
that  equilibrium,  by  effort  to  reduce  their 
volume  appreciably,  and  less,  although  con- 
siderable resistance  to  its  disturbance  by 
increase  of  volume. 

Liquids,  however,  offer  exceedingly  slight, 
and  sometimes  immeasurably  slight,  re- 
sistance to  change  of  relative  position  of 
their  particles,  which,  therefore,  move  more 
or  less  freely  among  each  other,  according 
to  the  greater  or  less  viscosity  of  the  liquid. 
They  thus  offer  little  or  no  resistance  to 
change  of  form. 

Solids  are  composed  of  aggregated  mole- 
cules existing  in  the  same  condition  of 
equilibrium  as  is  seen  in  liquids,  and  offer- 
ing similar  resistance  to  change  of  volume ; 
but  they  differ  from  liquids  in  exhibiting 
resistance  to  change  of  form,  which  resist- 
ance can  usually  only  be  overcome  by 
actual  destruction  of  cohesive  force.  This 
peculiar  condition  is  the  result  of  that  form 
of  force  which  has  been  termed  "  polarity." 

(7).  These  three  forms  of  matter  are  not 
distinctly  separated  from  each  other,  but 
the  same  substance  may  pass,  by  gradual 
change,  from  one  to  another  of  the  several 
classes,  and  may,  in  its  ordinary  state,  ex- 
hibit such  physical  characteristics  as  to 
make  it  difficult  to  determine  to  which  of 
two  classes  it  is  to  be  assigned. 

In  addition  to  the  above  it  may  be 
added  : 

(8.)  Solid  bodies  offer  a  resistance  to 
change  of  form,  which,  within  narrow  limits, 
is  proportioned  to  the  magnitude  of  that 
distortion. 

Beyond  these  limits  the  force  producing 
change  of  form  soon  separates  the  atoms 
completely,  by  overcoming  gradually  the 
interatomic  forces,  and  rupture  takes  place. 

3.  The  last  principle  was  discovered  two 
centuries  ago  by  that  wonderfully  acute 
philosopher,  Robert  Hooke,  who  published 
in  1678  his  now  well  known  law,  "ut 
tensio  sic  vis." 

The  first  seven  of  the  preceding  principles 
embody  the  general  theory  of  Roger  Joseph 
Boscovitch,    who   first  published   it  in  an 


important  treatise    printed   at  Vienna  in 
1759. 

Both  of  these  early  philosophers  based 
their  theories  upon  such  unsatisfactory 
experiments  as  they  were  able  to  observe 
before  scientific  methods  had  begun  to  ex- 
hibit the  exactness  and  the  delicacy  now 
characterizing  them. 

It  seems  equally  remarkable  that  their 
deductions  should  accord  so  perfectly  with 
later  determinations,  and  that  so  little 
progress  should  have  been  made  since,  in 
researches  upon  intermolecular  relations. 

That  portion  of  the  theory  of  Boscovitch 
which  supposes  several  alternations  of 
attractive  and  repellant  resultant  forces, 
has  received  some  apparent  confirmation  by 
experiment,  but  it  is  by  no  means  proven. 
It  would  seem  more  probable  that  the  at- 
traction of  cohesion,  and  the  repulsive  force 
of  heat  energy,  are  the  two  simple  inter- 
molecular forces  which  determine  inter- 
molecular distances. 

Rankine's  theory  of  molecular  vortices 
affords  a  hint  as  to  the  possible  action  of 
heat  here  referred  to. 

4.  It  would  seem  very  possible  that 
phenomena  apparently  conflicting  with 
this  latter  belief,  will  find  explanation  in 
molecular  changes  of  position,  rather  than 
in  the  interaction  of  forces  differing  in  na- 
ture, from  those  familiar  to  us. 

In  all  familiar  examples  of  solids  the 
force  of  repulsion  increases  more  rapidly 
than  that  of  attraction  as  the  molecules  are 
forced  to  approach  each  other,  and  the  re- 
verse is  observed  as  they  separate.  The 
molecules  occupy,  when  undisturbed  by 
external  forces,  positions  of  equilibrium 
which  have  been  attained  by  passing  over 
a  range  through  which,  at  a  constant 
temperature,  attractive  force  has  predomi- 
nated, and  the  alternations  referred  to  above, 
can,  if  observed  at  all,  only  be  seen  after 
compressing  the  mass  and  forcing  the 
particles  past  this  first  position  of  equi- 
librium. 

The  other  principles  stated,  if  not  abso- 
lutely proven  by  experiment,  are  at  least 
rendered  extremely  probable,  and  are  un- 
contradicted by  any  recorded  phenomena. 

Hooke's  law  has  been  proven  sufficiently 
exact  by  numerous  experimenters  upon  the 
tensile  and  compressible  resistances  of 
materials,  and  by  Chevandier  and  Wert- 
heim,  and  later,  more  fully,  but  not  with 
more  precision,  by  the  writer,  in  a  series  of 
experiments  upon  torsional  resistances,  in 
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which  the  apparatus  was  made  self-re- 
gistering.* 

5.  We  remain  at  present  in  almost  per- 
fect ignorance  of  the  true  nature  and  exact 
relations  of  the  forces  which  are  concerned 
in  determining  these  physical  conditions  of 
matter. 

So  much  as  is  known  is,  apparently,  in 
conflict  with  every  hypothesis  yet  proposed, 
in  some  essential  point,  yet  we  cannot  re- 
sist the  conviction  that  these  forces  are 
simple  modifications  of  those  most  familiar 
to  us ;  the  attractive  force  being  that  of 
cohesion,  and  the  repellant  force  being  that 
of  heat  motion,  while  a  third  force,  or  third 
component  of  the  one  force,  is  that  known 
as  "  polarity." 

It  would  seem,  from  the  experiments  of 
Coulomb,  Professor  Henry,  Plateau,  and 
others,  that  the  elasticity  and  resistance  of 
solids  are  due,  principally,  to  the  action  of 
molecular  forces  during  changes  of  molecu- 
lar grouping,  rather  than  to  changes  of 
distances  between  particles.  The  latter 
has  an  exceedingly  slight  range,  but,  as 
shown  by  those  experiments  of  Wertheim, 
which  indicate  an  alteration  of  volume  by 
tensile  stress,  an  actual,  though  slight, 
change  of  atomic  distances  does  probably 
take  place. 

It  cannot  be  asserted  that  these  experi- 
ments are  absolutely  conclusive  on  this 
point. 

6.  The  experiments  of  Prof.  Baden 
Powell  upon  the  effect  of  heat  in  altering 
the  breadth  and  diameter  of  Newton's 
rings,  f  are  strongly  confirmatory  of  the 
opinion,  already  expressed,  that  the  repul- 
sive force  of  the  intermolecular  spaces  is 
that  of  heat  motion. 

7.  The  experiments  of  Dr.  Andrews  upon 
the  "  critical  state "  of  substances  pass- 
ing from  the  liquid  to  the  gaseous  condi- 
tion, and  vice  versa,  are  considered,  by 
him,  to  indicate  that  those  states  are  "  but 
widely  separated  forms  of  the  same  condi- 
tions of  matter,"  and  that  the  one  may  be 
made  to  pass  into  the  other  without  abrupt 
change.;}: 

M.  Cagniard  de  la  Tour  made  the  earliest 
experiments  in  this  field  in  1822,  and  was 
closely  followed  by  Faraday. 

Dr.  Andrews'  more  recent  researches  are 
probably  the   most  complete  and  the  most 


*  Journal  Franklin  Institute,  April,  1873. 
t  Phil.  Trans  ,  1834. 
X  Phil.  Trans.,  1869. 


fruitful.  His  investigations  of  the  phenom- 
ena accompanying  the  changes  of  carbonic 
acid,  as  to  temperature  and  pressure,  and 
particularly  while  passing  through  ( that 
phase  of  transition  known  as  the  "critical 
state,"  have  thrown  some  light  upon  mole- 
cular relations. 

The  "critical  state  "is  that  condition  of 
matter  in  which  it  exists  when  just  passing 
from  the  liquid  to  the  gaseous  state,  or  the 
reverse,  by  a  regular,  as  distinguished  from 
the  more  familiar  irregular  process.  It  con- 
stitutes the  "debatable  ground"  between 
these  two  states  of  matter,  whence  it  is  im- 
possible to  determine  in  which  condition  it 
should  properly  be  considered. 

It  is  found  that,  when  just  approaching 
this  point,  liquids  are  even  more  compressi- 
ble than  in  the  antecedent  gaseous  condi- 
tion. 

AYater  passes  through  the  critical  state 
at  a  temperature  estimated  at  about  770 
deg.  Fahr.  by  M.  Cagniard  de  la  Tour,  and 
at  a  pressure  too  high  to  be  accurately 
measurable. 

At  this  high  temperature  and  pressure  it 
dissolved  the  glass  tubes  in  which  it  was 
attempted  to  confine  it. 

8.  Dr.  Andrews  found  that  carbonic  acid 
exhibited  this  gradual  and  regular  change 
from  the  gaseous  to  the  liquid  condition  at 
a  much  lower  temperature. 

The  experiment  of  M.  Tresca  on  the 
"flow  of  solids"||  are  exceedingly  interesting 
and  valuable  in  this  connection,  as  lending 
confirmation  to  the  views  expressed  by  Dr. 
Andrews. 

The  phenomena  of  the  critical  state  are 
considered  by  high  authorities  as  strongly 
confirmatory  of  that  portion  of  the  Bosco- 
vitch  theory  which  most  requires  confirma- 
tion. 

9.  After  having  passed  from  the  gaseous 
to  the  liquid  state,  matter  is  found  exceed- 
ingly difficult  to  reduce  in  volume.  A  pres- 
sure of  one  atmosphere  produces,  in  the 
case  of  water,  a  decrease  of  volume  of  but 
forty-six  one  millionth*.^ 

10.  In  liquids,  attractive  force  makes  it- 
self observable,  although  the  extreme  mo- 
bility of  their  particles  prevents  the  ready 
or  accurate  measurement  of  its  value. 

Professor  Henry,  who  made  the  first  at- 
tempt to  estimate  it,  considers  that  the  co- 
hesive   force  of  water  is  several   hundred 
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pounds  per  square  inch.  This  considerable 
force  resists  change  of  distance  between 
molecules,  but  does  not  perceptibly  influence 
change  of  form,  and  we  have,  therefore,  the 
curious  fact  to  observe  here,  of  the  co- 
existence of  cohesive  force  with  al- 
most perfect  mobility  of  particles;  the 
latter  condition  rendering  the  resistance  to 
change  of  form  very  difficult  of  detection 
and  measurement. 

11.  In  the  process  of  transition  from  the 
liquid  to  the  solid  state,  in  addition  to  the 
generally  continued  diminution  of  volume, 
molecular  approximation,  and  the  assump- 
tion of  new  positions  of  equilibrium  by  the 
particles,  in  consequence  of  the  abstraction 
of  heat,  another,  as  yet  unexplained,  action 
occurs,  which  may  be  called,  for  want  of  a 
better  term,  molecular  polarization. 

This  new  force  comes  into  play  at  a  point 
which  is  definitely  fixed,  for  each  substance, 
on  the  scale  of  temperature,  and  although 
the  resistance  to  forces  tending  to  produce 
changes  of  intermolecular  distances  may  be 
but  little  increased,  resistance  to  change  of 
form  makes  itself  observable,  generally  sud- 
denly, and  solidification  is  produced  by  the 
fixation  of  molecules  in  definite  relative 
positions. 

The  charcateristic  which  distinguishes 
the  solid  from  the  liquid  state  is  the  effect, 
apparently,  of  this  force  of  "polarity" 
simply. 

Dr.  Henry  remarks  :  "  It  is  in  accordance 
with  the  phenomena  of  cohesion  to  suppose 
that  when  a  solid  is  liquefied  by  increase  of 
temperature,  instead  of  the  attraction  of 
the  liquid  being  neutralized  by  the  heat, 
that  the  effect  of  this  agent  is  merely  to 
neutralize  the  polarity  of  the  molecules,  so 
as  to  give  them  perfect  freedom  of  motion 
around  every  imaginable  axis."  This  au- 
thor was  probably  the  earliest  to  detect,  and 
to  state  thus  precisely,  the  part  played  by  this 
force  of  polarity  in  molecular  phenomena. 

12.  The  cohesive  force  which  makes  its 
appearance  when  a  gas  becomes  liquefied 
is  probably  considerably  increased  in  all 
cases  when  solidification  occurs  ;  but  the 
mobility  characteristic  of  the  liquid  state  is 
so  perfect  that  it  is  difficult  to  make  the 
comparison,  and  we,  consequently,  have 
scarcely  any  reliable  data  from  which  to 
estimate  the  value  of  cohesion  in  fluids. 
The  most  valuable  are  probably  those  of 
Prof.    Henry*,    already   referred   to,    from 

*  Proceedings  Am.  PhiL  Soc,  1844. 


which  he  estimated  the  cohesion  of  water  to 
be  nearly  that  of  ice. 

13.  In  the  cases  of  some,  and,  probably, 
of  many  solids,  the  relation  of  these  inter- 
molecular forces  becomes  such  that,  if  the 
force  of  polarity  is  overcome,  and  the  mole- 
cules forced  from  the  relative  positions 
which  they  originally  assumed,  without,  at 
the  same  time,  changing  their  relative  dis- 
tances to  such  an  extent  as  to  destroy  their 
tenacity,  they  may  slide  into  new  positions 
in  which  they  will  tend,  under  the  action  of 
this  polarity,  to  remain  permanently  as  be- 
fore. The  action  here  referred  to  is  illus- 
trated by  some  of  Coulomb's  experiments 
on  torsion,  by  those  of  the  writer  on  the 
same  point,  by  M.  Tresca's  experiments  on 
the  flow  of  solids,  and  by  the  common  meth- 
ods of  "  squirting"  lead  pipe  and  of 
"spinning"  brass. 

In  the  experiments  of  Coulomb,  a  wire 
which  had  been  twisted  so  far  as  to  have 
taken  a  permanent  set,  was  found  to  have 
its  elasticity  still  unimpaired,  and  could  be 
twisted  as  far,  without  taking  a  new  set,  as 
it  could  originally  before  taking  the  first. 
In  some  examples,  several  successive  posi- 
tions of  set,  with  equal  elastic  limits,  were 
found.  Even  a  thread  of  clay,  soft  and 
plastic  as  it  is,  exhibits  this  peculiar  action. 
The  experiments  of  the  writer  on  iron  and 
steel  f  ths  of  an  inch  in  diameter  give  pre- 
cisely similar  results. 

These  experiments  are  usually  quoted  in 
support  of  the  Boscovitch  theory  of  alterna- 
tion of  attraction  and  repulsion,  but  it  may 
certainly  be  questioned  whether  the  view 
just  presented  is  not  by  far  the  more  prob- 
able one — the  successive  sets  being  pro- 
duced by  successive  renewals  of  the  action 
of  polarity,  as  the  molecules  were  forced  to 
move  among  each  other  without  such  in- 
crease of  intermolecular  distances  as  to  de- 
stroy their  cohesion. 

14.  In  cases  of  true  crystallization  we 
have  no  means  of  determining  whether  the 
formation  of  the  crystal,  in  its  invariable 
and  symmetrical  form,  is  due  to  Prof. 
Henry's  polarizing  force,  or  to  still  another 
distinct  force,  or  component  of  the  one  in- 
termolecular action. 

Since,  however,  it  would  be  generally 
supposed  that  one  force  may  produce  both 
phases  of  polarization,  the  universally  re- 
cognized " principle  of  least  action"  in  na- 
ture suggests  the  belief  that  there  is  but 
one. 

The   phenomena   of  magnetism,  and   of 
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diamagnetism,  are  undoubtedly  exhibitions 
of  molecular  action,  under  these  intermole- 
cular  forces,  but  it  remains  to  be  deter- 
mined whether  they  are,  also,  produced  by 
the  force  under  consideration. 

The  experiments  of  MM.  Ohedeville  and 
Treve,  at  Brest,  and  of  other  experimenters, 
indicate,  at  least,  some  relationship  between, 
if  not  the  identity  of,  these  forces. 

15.  It  is  sufficiently  evident  that,  granting 
the  relation  of  these  several  forces  to  be 
such  as  is  indicated  by  what  has  preceded, 
the  attractive,  repulsive,  and  polarizing 
forces  of  matter  may  have  any  relation  of 
intensity,  and  consequently,  that  substances 
may  exist  in  very  various  conditions. 

We  may  have  a  mass  of  matter,  in  which 
repulsion  of  any  degree  of  intensity,  may  be 
recognized  only  as  with  the  gases ;  attrac- 
tion and  repulsion  may  equilibrate  each 
other,  uniting  to  produce  a  mass  resisting 
change  of  molecular  distance,  with  any  de- 
gree of  force,  and  yet,  in  the  absence  of  po- 
larity, offering  little  or  no  resistance  to 
change  of  form,  as  is  the  case  with  the  mo- 
bile liquids.  The  addition  of  the  polar- 
izing force  confers  viscosity  upon  liquids, 
and  this  viscosity  has  every  value  until,  as 
it  becomes  great  in  proportion  to  the  inten- 
sity of  the  other  forces,  we  find  the  mass 
rigid,  and  if  cohesion  is,  at  the  same  time, 
considerable,  the  body  is  hard.  A  body 
like  the  diamond  would  have  great  cohe- 
sion, and,  relatively,  still  greater  polarity ; 
iron  exhibits  great  cohesion  and  considera- 
ble polarity,  at  ordinary  temperatures,  po- 
larity vanishing  faster  than  cohesion,  prob- 
ably, when  the  metal  is  heated. 

16.  There  are  some  remarkable,  and  still 
mysterious,  molecular  phenomena  for  which 
we  have  neither  the  space  nor  the  data  ne- 
cessary to  their  discussion. 

The  most  striking  is  what  may  be 
termed  molecular  friction.  This  peculiar 
phenomenon  has  been  frequently  noted,  but 
does  not  appear  to  have  attracted  the  atten- 
tion or  to  have  provoked  the  careful  re- 
search that  its  possible  importance  should 
have  prompted. 

If  a  bar  of  steel  is  magnetized  and  de- 
magnetized, it  is  noticed  that  it  most  readily 
accepts  afterward  the  polarity  first  con- 
ferred upon  it.  What  is  known  as  "resid- 
ual magnetism  "  is  another  method,  proba- 
bly, of  manifestation  of  the  same  action. 
It  is  well  settled  that  magnetic  phenomena 
are  phenomena  of,  or  invariably  accompa- 
nied by,  molecular  movement,  and  there  ap- 


pears in  these  cases,  to  be  exhibited  a  kind 
of  interatomic  friction,  which,  producing  a 
"  set,"  prevents  the  return  of  the  particles 
to  their  original  positions,  and  allows  the 
force  of  polarity  to  be  most  readily  over- 
come in  a  definite  direction. 

The  "  fatigue  "  of  metals,  which  has  been 
so  fully  and  elegantly  investigated  by  Woh- 
ler,*  may  be  an  exhibition  of  the  effect  of 
similar  causes.  It  may,  however,  be  simply 
due  to  unequal  tension,  and  the  consequent 
gradual  rupture,  successively,  of  over- 
strained portions  of  metal,  the  work  being 
thus  thrown  upon  smaller  and  smaller  sec- 
tions of  sound  metal,  until  the  whole  be- 
comes finally  disrupted. 

The  determination  of  the  effects  of  chemi- 
cal changes  upon  molecular  tensions  pre- 
sents a  wide  and,  as  yet,  almost  absolutely 
unknown  field  of  research. 

For  one  of  the  most  complete  and  con- 
sistent theories  of  molecular  physics  which 
has  been  proposed,  we  are  indebted  to  Pro- 
fessor W.  A.  Norton.t 

17.  It  will  require  much  additional  ex- 
perimental investigation,  and  far  more  care- 
fully planned  and  systematic  research  than 
has  been  yet  given  to  the  subject,  to  fur- 
nish the.  basis  for  a  perfectly  satisfactory 
theory  of  the  nature,  and  modes  of  action,  of 
corpuscular  forces. 

If  we  may  draw  any  conclusions  from 
what  is  known  already,  we  should  probably 
infer  that,,  when  in  the  gaseous  condition, 
the  molecules  of  matter  tend  continually  to 
separate,  under  the  action  of  a  repellant 
molecular  force,  which  has  greater  magni- 
tude as  the  gas  is  compressed. 

As  this  compression  goes  on,  either  by 
the  application  of  mechanical  force,  or  by 
the  abstraction  of  heat,  a  point  is  finally 
reached  at  which  an  equilibrium  occurs  be- 
tween the  forces  tending  to  produce  reduc- 
tion of  volume  and  those  tending  to  expand 
the  mass. 

Any  effort  which  may  be  made  to  destroy 
this  equilibrium,  and  to  increase  the  inter- 
molecular  distances,  and,  by  the  same  ac- 
tion, to  enlarge  the  volume,  may  be  found, 
as  in  the  case  of  water,  to  be  resisted  with 
some  force,  while  an?  effort  to  produce  a 
change  of  distance,  by  forcing  the  particles 
from  their  positions  of  equilibrium  in  the 
other  direction,  reducing  the  volume,  may 
meet  very  great  resistance.     And  while  re- 


*  "Uderdie  Festigkeitsversuche  mit  Eisen  und  Stahl:"    A 
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sistance  to  change  of  distance  is  observed,  it 
may  happen  that  the  resistance  to  change  of 
position,  among  the  molecules  in  a  group, 
may  be,  and  often  is,  quite  unobservable. 

18.  Abstracting  heat  sflll  further,  solidifi- 
cation finally  occurs. 

As,  throughout  the  process  of  contrac- 
tion, up  to  this  point,  the  attractive  force 
has  gradually  increased  in  its  power  of 
resisting  disturbance  of  equilibrium  and 
change  of  molecular  distances,  it  would  be 
anticipated  that  the  solid  would  exhibit 
greater  cohesion  than  the  liquid.  There  is 
but  little  evidence  bearing  upon  this  point, 
and  it  will  require  extended  and  skilful,  as 
well  as  patient,  investigation  in  the  field  of 
Prof.  Henry's  labors,  to  furnish  what  is 
needed.  What  we  have  learned  indicates 
that  this  increase  does  occur,  and  that  its 
amount  is  very  great. 

19.  The  simple  increase  of  cohesive  force, 
where  the  distances  between  the  molecules 
are  still  so  immense  in  comparison  with  the 
magnitudes  of  those  molecules,  would  not 
be  expected  to  give  increased  elasticity  of 
volume.  On  the  contrary,  during  the 
change  from  the  gaseous  state  the  loss  of 
elasticity  of  volume  has.  been  a  marked 
characteristic.  ■ 

(It  is  considered  by  some  philosophers  to 
be  well  ascertained  that  the  radius  of  mole- 
cular action  is  less  than  one  five-millionth 
of  an  inch  in  some  cases*,  and  that  it  prob- 
ably does  not  equal  one  two-thousandth  of 
an  inch  in  any  instancef.  At  least  one 
writer  considers  that  the  molecule  has  an 
orbital  radius  not  exceeding  1-250,000,- 
000th  of  an  inch|.  The  existence  of  animal 
organisms  as  small  as  l-25O,000,000th  of 
an  inch  in  length  indicates  that  even  these 
figures  are  not  probably  too  small.) 

20.  An  unavoidable  inference  from  the 
language  of  authorities  most  frequently 
quoted  is,  that  elasticity  of  form — the  qual- 
ity of  which  the  so-called  elasticity  and  the 
resilience  of  solids  is  a  consequence — re- 
sults from  the  existence  of  a  property  in 
solid  matter  by  which  change  of  distance 
between  molecules  may  occur  to  a  marked 
extent  without  rupture. 

This,  if  true,  would  indicate  elasticity  of 
form  to  vary  with  elasticity  of  volume. 

This,  we  should  infer,  may  be  a  mistake, 
the  elasticity  of  volume  being  probably  less 
in  the  solid  than  in  the  liquid,  while  elas- 
ticity of  form  is  absent  in  the  latter. 
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If  it  be  the  fact  that  the  elasticity  of 
form  and  the  resilience  of  solids  are  not  due 
to  elasticity  of  volume,  primarily,  we  are 
justified  in  attributing  them  to  the  pro- 
perty of  pliability,  produced  by  the  com- 
paratively wide  range  of  intermolecular 
movement  permitted  by  the  force  of  polar- 
ity. In  examples  of  great  elasticity,  it  may 
have  an  intensity,  small  in  comparison 
with  that  of  the  other  forces  acting  in  the 
mass,  and,  at  the  same  time,  it,  or  the  co- 
hesive force,  or  both,  may  vary  at  a  less 
than  ordinary  rate  with  a  I  given  change  of 
distance. 

21.  We  have  followed  what  can  be  con- 
sidered as  scarcely  more  than  a  train  of  hy- 
potheses, but  it  is  evident  that  the  faint 
light  which  has  been  thrown  upon  the  sub- 
ject exhibits,  at  least,  a  probability  that 
they  approximate  with  some  degree  of 
closeness  to  the  truth. 

We  may  deduce  from  what  has  been 
stated,  finally,  that  it  is  extremely  provable 
that  the  contraction  in  volume,  of  a  solid, 
by  approximation  of  molecules,  will  increase 
the  absolute  strength  while,  decreasing  the 
viscosity  of  the  body,  and,  as  a  consequence, 
diminishing  the  resilience,  by  contracting 
the  elastic  limits.  The  mass  might  have  a 
higher  modulus  of  elasticity,  and  higher 
tenacity,  but  would  more  readily  yield  un- 
der a  shock  or  a  blow. 

22.  We  should  expect  these  changes  in  met- 
als to  be  most  marked  within  ordinary  lim- 
its of  temperature,  in  the  cases  of  those  met- 
als which  have  lowest  temperatures  of 
solidification,  since  in  such  examples  the 
complete  change  from  absolute  mobility  to 
perfect  rigidity  is  comprised  within  the 
least  range  of  temperature. 

23.  All  other  things  being  equal,  since 
lowering  the  temperature  reduces  the  mo- 
bility of  particles,  and  increases  the  viscos- 
ity of  the  metal,  we  should  anticipate  that 
the  greater  toughness  of  the  material  at  the 
higher  temperature,  while  in  the  solid  state, 
would  not  only  exhibit  itself  in  greater  re- 
silience, but  would  also  modify  the  charac- 
ter of  the  fracture,  when  ruptured  by  exter- 
nal force,  making  it  less  "  short "  and 
glass-like — wherever  the  substance  pos- 
sessed anything  of  the  characteristics  illus- 
trated by  Coulomb's  experiments,  noted 
above — at  a  high,  then  at  a  low  heat.  The 
fracture  would  be  expected  to  appear  "  fib- 
rous "  and  "  thready  "  when,  as  in  ordinary 
wrought  iron,  foreign  substances  present  or 
varying  quality  of  metal  should  produce  in 
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adjacent  parts  unequal  "  drawing  down  " 
at  the  higher  temperature. 

24.  Where,  as  in  iron,  the  change  from 
the  liquid  condition  through  the  pasty, 
semi-fluid  welding  state,  to  the  condition  of 
comparative  brittleness  at  ordinary  tempe- 
ratures, has  been  a  somewhat  regular  one, 
it  would  be  anticipated  that  the  change 
might  continue  with  still  further  decline  in 
temperature.  It  would  not  appear  unlikely 
that  such  change  might  progress  indefi- 
nitely, or  until  resilience  was  absolutely 
destroyed  by  the  approximation  of  mole- 
cules, and  the  coincident  fixity  due  to  a 
maximum  intensity  of  polarity. 

Where  the  body  has  sensible  viscosity 
and  considerable  resilience,  it  would  be 
expected  that,  if  broken  suddenly,  as  by  a 
quick  jerk,  its  fracture  would  be  complete 
before  the  particles,  retarded  by  inertia  and 
by  molecular  friction,  could  have  time  to 
shift  their  positions,  while,  when  slowly 
broken,  a  considerable  amount  of  motion 
might  occur  before  rupture  could  be  com- 
pleted. 

In  the  former  case,  the  appearance  of  the 
break  and  the  diminution  of  section  would 
be  characteristic  of  tough,  and  in  the 
latter,  they  would  apparently  indicate  brit- 
tle, material. 

25.  Such  being,  not  improbably,  a  state- 
ment of  the  general  effects  of  changes  of 
temperature  upon  matter,  it  remains  for  the 

•  engineer  to  determine,  by  experiment,  how 
fully  the  most  generally  useful  metal,  iron, 
presents  an  example  of  these  effects,  and 
how  far  they  are  modified  by  differences  of 
chemical  constitution  and  of  physical  condi- 
tion. 

The  most  interesting  and  instructive  ex- 
periments which  have  yet  been  made  are 
those  of  Fairbairn,  Kirkaldy,  Professor 
Johnson  ;  of  a  committee  of  the  Franklin 
Institute  ;  of  a  committee  appointed  by  the 
King  of  Sweden ;  of  Brockbank,  Joule, 
Sandberg,  and  Spence. 

26.  Tredgold,  the  celebrated  engineer, 
whose  intelligence  and  experience  have 
given  his  published  opinions  very  great 
weight,  believed  that  any  increase  of  tempe- 
rature would  diminish  the  tenacity  of 
metals. 

Dr.  John  Percy,  on  the  contrary,  with 
probably  the  majority  of  engineers,  believes 
the  opposite  to  be  the  effect,  basing  the 
belief  upon  the  well-known  fact  that  acci- 
dents more  frequently  occur  from  fracture 
in  cold  than  in  warm  weather.     So  com- 


mon is  this  belief,  that  the  statement  re- 
cently made,  that  the  real  effect  of  decrease 
of  temperature,  other  things  being  equal, 
may  be  to  increase  tenacity,  has  been  re- 
ceived with  very  general  distrust. 

27.  The  magnitude  of  a  change  of 
tenacity  arising  from  simple  approximation 
of  molecules,  and  consequent  increase  of 
cohesion,  could  not  be  expected  to  be  very 
great,  since  this  change  of  distance  between 
adjacent  particles  is  but  about  seven  one- 
miilionths  of  its  ordinary  value  for  a  range 
of  one  degree.  Were  the  tenacity  to  vary 
as  the  square  of  the  distance,  the  conse- 
quent variation  would  be  but  one  and  a 
half  per  cent.,  and  would  be  but  two  per 
cent,  were  it  to  vary,  within  this  range,  as 
the  cube  of  the  intermolecular  distances 
for  a  range  of  one  thousand  degrees. 

28.  In  comparing  the  conclusions  deduced 
by  the  several  experimenters,  of  whose  la- 
bors the  following  is  an  abstract,  some  evi- 
dent misconceptions  will  be  noted,  which 
plainly  arise  from  the  very  common  error 
of  attempting  to  estimate  the  strength  of 
materials  from  experiments  in  which  they 
are  tested  by  shock,  forgetting  that  a  mate- 
rial may  be  immensely  strong  and  yet,  if 
brittle,  non-resilient,  may  be  readily  broken 
by  a  blow  which  would  leave  uninjured  a 
less  tenacious  but  more  ductile  specimen. 

It  has  evidently  been  quite  unsuspected 
by  the  majority  of  experimenters  and  of 
writers  on  this  subject,  that  change  of  tem- 
perature may,  while  producing  an  alteration 
of  the  cohesion  of  metals,  effect  a  directly 
opposite  change  in  its  ductility,  and  that, 
consequently,  the  substance  may  exhibit 
greater  tenacity,  and  may,  therefore,  better 
resist  a  steady  strain,  while  at  the  same 
time  its  ductility  may  be  so  greatly  de- 
creased by  the  same  cause  as  to  greatly  les- 
sen its  resilience,  and  thus,  though  strong- 
er, it  may  be  less  capable  of  resisting 
shocks. 

29.  A  committee  of  the  Franklin  Insti- 
tute, of  the  State  of  Pennsylvania,  consist- 
ing of  Professor  W.  P.  Johnson,  Benjamin1 
Beeves,  and  Professor  A.  D.  Bache,  were 
engaged,  during  a  period  extending  from 
April,  1832,  to  January,  1837,  in  experi- 
ments upon  the  tenacity  of  iron  and  of  cop- 
per under  the  varying  conditions  of  ordinary 
use. 

The  effect  of  change  of  temperature  upon 
those  metals  was  investigated  with  equal 
intelligence  and  thoroughness,  and  most 
valuable  results  were  obtained. 
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30.  Upward  of  one  hundred  experiments 
upon  copper,  at  temperatures  ranging  from 
the  freezing  point  up  to  1000  deg.  Fahrenheit, 
exhibited  plainly  the  fact  that  a  gradual 
diminution  of  strength  occurs  with  increase 
of  temperature,  and  vice  versa,  and  that  the 
change  is  as  uniform  as  the  unavoidable 
irregularities  in  the  structure  of  the  metal 
would  allow. 

The  law  of  this  variation  of  tenacity, 
within  the  limits  between  which  the  exper- 
iments were  made  was  found  to  be  closely 
represented  by  the  formula, 

D2  =  CT:J 

i.  e.,  the  squares  of  the  diminutions  of  te- 
nacity vary  as  the  cubes  of  the  observed 
temperatures  measured  from  the  freezing 
point. 

31.  The  committee,  in  the  course  of  their 
exceedingly  judicious  and  complete  series 
of  deductions,  say  :* 

"  The  temperature  of  no  tenacity  is  gen- 
erally supposed  to  be  that  at  which  the  fus- 
ing point  of  the  given  substance  is  placed, 
and  the  point  of  maximum  tenacity  ought, 
upon  general  principles  to  be  found  at  the 
point  at  which  least  heat  prevails,  that  is, 
at  the  natural  zero  or  point  of  absolute  cold, 
if  such  a  point  exists  in  nature. 

"  Between  these  two  extremes,  it  might 
be  supposed  that  the  tenacities  of  different 
substances,  particularly  such  as  are  capable 
of  passing  immediately  from  the  solid  to  the 
liquid  state,  would  be  found  to  obey  certain 
laws. 

"  As  the  total  cohesion,  at  the  maximum, 
would  present  to  a  mechanical  agent  tend- 
ing to  overcome  it  the  whole  of  its  resist- 
ance, and  as,  at  more  elevated  temperatures, 
a  part  of  that  tenacity  would  be  overcome 
by  heat,  and  the  rest  would  be  destroyed  by 
the  mechanical  force,  it  is  evidently  a  ques- 
tion of  experiment  to  decide  what  relation 
the  two  forces  have  to  each  other,  at  the 
temperatures  between  the  two  extremes  to 
which  we  have  just  alluded. 

"  To  decide  the  theoretical  question,  or, 
*  in  other  words,  to  deduce  from  the  experi- 
ments a  law  which  might  be  expressed  in 
an  abstract  form,  corresponding  to  all  the 
possible  phenomena,  would  require  a  state 
of  the  materials  different  from  that  usually 
found  in  commerce  or  employed  in  the  aits. 

"  It  would  also,  as  we  have  seen,  require 
a  knowledge  of  that  about  which  philoso- 
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phers,  no  less  than  practical  men,  are  far 
from  being  agreed,  namely,  the  point  of  ab- 
solute cold." 

32.  The  Committee  do  not  fail  to  observe 
that  there  are  indications  that  the  curve, 
of  which  their  formula  is  an  approximate 
equation,  has,  very  probably,  a  point  of 
contrary  flexure  at  a  temperature  somewhat 
below  the  highest  at  which  they  were  able 
to  experiment,  or,  near  the  point  at  which 
one-half  the  tenacity  of  the  material  is  de- 
stroyed. 

This  inflection  of  the  curve,  which  indi- 
cates that  no  parabolic  formula  can  be 
made  to  represent,  accurately,  the  change 
of  tenacity  with  varying  temperature,  is 
very  clearly  exhibited  in  the  curve  laid 
down  from  the  experiments  on  the  strength 
of  wrought  iron,  which  were  next  made  by 
the  Committee. 

33.  These  experiments  were  73  in  num- 
ber, at  temperatures  between  212  deg.  and 
1317  deg.  Fahr.,  and  comparisons  were 
made  with  the  strength  of  the  same  bars,  at 
ordinary  temperatures,  as  determined  by 
163  experiments. 

The  bars  were  generally  broken  at  sec- 
tions reduced  by  the  file,  and  the  results 
give  but  little  indication  of  the  effect  of 
change  of  temperature  upon  the  resilience 
and  extensibility  of  the  metal;  but  they 
afford  most  interesting,  accurate,  and  valu- 
able measures  of  the  effect  of  heat  upon  te- 
nacity. 

34.  It  was  this  investigation  which  first 
disclosed  the  remarkable  anomaly  of  the 
existence  of  a  point  in  the  scale  of  tempera- 
tures, usually,  if  not  invariably,  considera- 
bly above  that  of  ordinary  temperature,,  at 
which  the  metal  exhibits  a  maxiamm  of  te- 
nacity. 

35.  By  heating  a  number  of  bars  to  572 
deg.  F.,  which  was  found  to  be  very  nearly 
the  average  temperature  of  maximum 
strength,  and  breaking  them  at  that  tem- 
perature, it  was  found  that  a  mean  of  ex- 
periments on  the  best  qualities  of  rolled 
iron,  gave  this  maximum  as  15.17  per  cent, 
higher  than  the  tenacity  of  the  same  sam- 
ples at  ordinary  temperatures.* 

The  irregularity  of  structure  of  specimens 
tested  was  found  to  cause  an  irregular 
variation  of  strength  amounting  to  10  per 
cent. 

36.  Taking  80  deg.  Fahr.  as  a  standard 
temperature,  the  committee  discovered  that 
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the  fifth  power  of  the  diminution  of  tenaci- 
ty from  the  maximum,  determined  as  just 
stated,  varied  as  the  thirteenth  power  of  the 
temperature  above  80  deg.  Fahr.,*  or, 

D5=C  (T— 80<V3, 

where  D  =  diminution  of  tenacity,  T=teni- 
perature,  C  =  a  constant. 

At  the  temperature  of  about  400  deg.  and 
1200  deg.,  points  of  departure  from  the 
curve  took  place  as  already  stated,  the  de- 
viation from  the  law  expressed  by  the  for- 
mula becoming  quite  marked. 

37.  The  committee  made  a  series  of  ex- 
periments upon  the  effect  of  annealing  in 
altering  the  tenacity  of  the  metal. 

They  found  no  measurable  change  in  spe- 
cific gravity,  except  with  specimens  which 
had  been  hammer-hardened.  The  tenacity 
was  diminished  to  an  extent  which  follows 
very  closely  the  order  of  temperature  at 
which  annealing  was  performed,  and  this 
loss  varied  from  '2!2  per  cent,  when  anneal- 
ing was  performed  at  low  temperature,  to 
46  per  cent.,  when  the  metal  was  annealed 
from  a  bright  welding  heat. 

The  results  seem  quite  variable,  but,  at 
about  1100  deg.  the  losses  had  a  mean 
value  of  about  15  percent.,  while,  at  a  weld- 
ing heat,  they  averaged  nearly  25  per 
cent. 

In  testing  old  boiler  plate,  a  loss  was  sup- 
posed to  have  been  proven,  which  was  at- 
tributed to  this  cause,  and  which  amounted 
to  about  6  per  cent. 

Unfortunately,  the  experiments  of  the 
committee  do  not  afford  the  data  requisite 
for  determining  the  resilience  of  these  speci- 
mens, and  we  are  unable  to  learn  whether 
the  observed  depreciation  of  strength  was 
accompanied,  as  we  should  expect,  by  an 
increase  of  ductility. 

I>8.  No  experiments  were  made  at  tem- 
peratures less  than  32  deg.,  and  it  remained 
lor  further  research  to  determine  the  be- 
havior of  iron  at  exceptionally  low  temper- 
atures. 

The  work  of  the  committee  was  most 
skilfully  performed,  and  most  conscien- 
tiously recorded  and  reported.  Together 
with  the  equally  exhaustive  and  thorough 
work  of  the  full  committee  on  steam  boiler 
explosions,  of  which  this  was  a  part,  it  affords 
most  valuable  and  reliable  additions  to  our 
experimental  knowledge. 

These   were  the  first  experiments   ever 
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made  on  an  extended  scale,  and  the  deter- 
mination of  the  area  of  fractured  section, 
the  measurement  of  elasticity,  of  latent  heat, 
specific  heat,  the  conducting  power,  and 
other  properties  of  iron  and  copper,  were 
made  with  much  greater  care  than  could 
have  been  expected  at  that  early  period. 
The  committee  was  engaged  in  the  work 
nearly  five  years,  and  the  expenses  incurred 
were  defrayed  by  the  United  States  Treas- 
ury Department. 

39.  A  somewhat  similar  series  of  experi- 
ments was  made  by  Sir  Wm.  Fairbairn 
upon  rolled  iron*,  and  the  same  behavior 
was  noted,  under  varying  temperatures,  as 
was  so  well  shown  by  the  earlier  researches 
of  the  committee  of  the  Franklin  Institute. 

The  tenacity  of  Staffordshire  boiler  plate 
was  examined  at  temperatures  varying  from 
0  deg.  Fahr.,  to  a  dull  red  heat — probably 
1,000  deg.  Fahr. 

lihis  iron  is  not  of  high  quality,  and 
some  marked  deviations  wero  observed 
from  the  general  direction  of  alteration  of 
strength. 

The  tenacity  of  the  specimens  gradually 
increased,  as  the  temperatures  rose  from 
60  deg.  to  395  deg.  Fahr.,  and  thence  di- 
minished, until,  at  a  red  heat,  the  strength 
became  reduced  to  the  extent  of  25  per 
cent. 

The  tenacity  recorded  at  0  deg.  Fahr. 
was,  however,  6  per  cent,  greater  than  the 
mean  noted  at  any  other  observed  higher 
temperatures,  but  not  greater  than  that  of 
individual  specimens. 

40.  Other  experiments  were  made  upon 
rivet  iron,  which  was  necessarily  of  better 
quality  than  the  Staffordshire  plate. 

The  tabular  statement  of  the  results  shows 
a  gradual  and  quite  regular  increase  of  te- 
nacity from  60  deg.  to  325  deg.  Fahr.,  the 
strength  being  given  at  62,816  and  84,046 
lbs.  per  sq.  in.  at  those  points  respectively 
— a  difference  of  30  per  cent.  The  tenacity 
then  diminished  as  temperature  rose,  be- 
coming reduced  to  35,000  lbs.  per  sq.  in.  at 
a  red  heat. 

The  strength  at  30  deg.  Fahr.,  was  slight- 
ly greater  than  at  ordinary  temperatures, 
the  figure  given  being  63,239  lbs.  per 
sq.  in. 

41.  Experiments  made  by  Fairbairn  on 
the  effect  of  temperature  upon  cast  iron 
give  less  uniform,  but  still  instructive  re- 
sults.! 

*  British  Association  Report,  1856. 
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With  No.  3  iron  very  unsatisfactory  and 
contradictory  results  were  obtained,  in  con- 
sequence of  the  irregular  character  of  its 
structure  and  chemical  constitutions. 

Coed-Talon  iron  No.  2  exhibited  contin- 
ual decrease  of  transverse  strength  as  the 
temperatures  increased.  Both  cold  and  hot 
blast  irons  were  experimented  upon,  at  tem- 
peratures ranging  from  26  deg.  to  190  deg. 
Fahr.,  with  the  following  results  : 

Cold  blast,  at  26  deg.  and  at  190  deg., 
decreased  in  strength  in  the  proportion  of 
874  to  743.  Hot  blast,  at  21  deg.  and  190 
deg.,  decreased  in  strength  in  the  ratio  of 
811  to  731. 

It  should  be  remarked  that  these  experi- 
ments were  made  in  the  early  days  of  hot 
blast,  when  the  differences  in  the  character 
of  hot  and  of  cold  *  blast  iron  were  more 
marked  than  at  a  later  date,  when  the  man- 
agement of  the  former  had  become  more 
generally  and  more  perfectly  understood. 

42.  Mr.  Fairbairn  remarks  :*  "On  the 
whole,  we  may  infer  that  cast  iron,  of 
average  quality,  loses  strength,  when 
heated  beyond  a  mean  temperature  of  120 
deg.,  and  that  it  becomes  insecure  at  the 
freezing  point,  or  under  32  deg.  Fahr." 

He  supposed  that  the  fact  that,  in  some 
experiments,  he  found  No.  3  iron  to  increase 
in  strength  with  rising  temperature,  is  due 
to  its  great  "  irregularity  and  rigidity." 

He  also  remarks!  that  "  The  infusion  of 
heat  into  a  metallic  substance  may  render 
it  more  ductile  and  probably  less  rigid  in 
it  nature,  and  I  apprehend  it  will  be  found 
weaker  and  less  secure  under  the  effects  of 
a  heavy  strain." 

43.  The  experiments  of  Roebling  referred 
to  in  his  report  to  the  officers  of  the  Niagara 
Falls  Suspension  Bridge  Co.,  in  1860,  do 
not  throw  much  light  upon  the  question 
under  consideration. 

Mr.  Roebling's  remark  that  metal,  of  as 
good  quality  as  that  upon  which  he  ex- 
perimented, would  be  "  safe  at  the  North 
pole,"]:  may  justify  the  inference  that  he 
supposed  that  such  iron  would,  at  least,  not 
lose  tenacity  when  very  cold. 

44.  David  Kirkaldy,  of  Glasgow,  in 
December,  1860,  while  conducting  one  of 
the  most  extended,  accurate  and  well  ar- 
ranged experimental  inquiries  into  the 
value  of  the  tenacity  of  iron  and  steel  that 


*  On  the  Application  of  Cast  and  Wrought  Iron  to  Building 
Purposes  :  London.  1844  ;  p.  66. 
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has  been  made,*  took  occasion  to  examine 
the  action  of  frost  upon  them. 

"  A  bar  of  Glasgow  B,  best,  f  in.  diame- 
ter, was  converted  into  ten  bolts,  in  the 
ordinary  way.  Six  were  exposed  all  night 
to  intense  frost,  and  tested  in  the  morning 
with  the  thermometer  at  23  deg.  Fahr. 
The  others  were  kept  in  a  warm  place,  and 
carefully  protected  during  testing.  Three 
were  tested  with  gradual,  and  seven  with 
sudden  strains."  "When  the  strain  waa 
gradually  applied,  there  was  very  little 
difference  between  the  specimens  tested  in 
the  ordinary  condition  and  the  two  that 
were  frozen;  the  former  bore  55,717;  the 
latter,  54,385,  or  2.1  per  cent.  less.  The 
difference  under  sudden  strains  is  some- 
what greater,  viz.,  3.6  per  cent,  less  when 
frozon."  This  iron  was  of  good  quality, 
and  Kirkaldy  remarks  that  "  had  it  been  of 
a  coarser  description,  the  difference,  when 
frozen,  might  have  been  much  greater." 
He  concluded!  that  "the  breaking  strain  is 
reduced  when  the  iron  is  frozen ;  with  the 
strain  gradually  applied,  the  difference  be- 
tween a  frozen  and  an  unfrozen  bolt  is 
lessened  as  the  iron  is  warmed  by  the 
drawing  out  of  the  specimen." 

Kirkaldy  noticed  that  "  The  amount  of 
heat  developed  is  considerable  when  the 
specimen  is  suddenly  stretched" — an  im- 
portant circumstance  which  had  previously 
escaped  the  observation  of  experimenters. 

45.  The  subject  was  debated  at  some 
length  at  meetings  of  the  Manchester  Lit- 
erary and  Scientific  Society,  some'  two 
years  ago,  and  experiments  were  described, 
which  afforded  data  of  value  and  interest. 

Mr.  William  Brockbank  described  his  ex- 
periments, made  for  the  purpose  of  deter- 
mining the  effect  of  cold  upon  the  cohesion 
of  cast  iron.  Using  a  mixture  of  several 
irons  of  quite  different  qualities  (Cleator 
red  hematite,  Pontypool  and  Blaenavon  cold 
blast  and  Glengarnock  hot  blast  irons,  with 
scrap  added),  he  found  a  perceptible  de- 
crease of  strength  with  decrease  of  temper- 
ature. He  noted  a  similar  effect  where 
wrought  iron  was  used.  The  experience  of 
well-known  ironmasters  was  adduced  in 
corroboration  of  these  conclusions,  the  ex- 
amples being,  usually,  instances  of  break- 
age by  shock.  The  conclusion  of  the  ex- 
perimenter X   was    that    "bar   iron,    boiler 


*  Experiments  on  Wrought  Iron  and  Steel  ;  David  Kirkaldy, 
Glasgow,  1S63  ;  p.  85. 
t  Ibid.  p.  95. 
X  Nature,  1871. 
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plate,  wire  billets  and  rails  are  most  ma- 
terially weakened  by  the  action  of  intense 
cold,  losing  their  toughness,  becoming  quite 
brittle  under  sudden  impact,  and  having 
their  structure  changed  from  fibrous  to 
crystalline." 

46.  Sir  William  Fairbairn  stated  the  re- 
sults of  his  experiments,  substantially  as 
has  been  already  given,  attributing  the 
more  frequent  breakage  of  wheel  tyres  in 
cold  weather,  to  which  allusion  had  been 
made,  to  unequal  strains  due  to  shrinkage, 
rather  than  to  loss  of  tenacity. 

47.  Dr.  Joule  gave  an  account  of  his  own 
experiments,  upon  a  smaller  scale,  made  at 
temperatures  of  12  deg.  and  55  deg.  Fahr., 
with  weights  applied  without  shock.  The 
result  indicated  an  increase  of  strength  at 
the  lower  temperatures,  in  the  proportion 
of  58^-  to  59  5-6,  or  2?  per  cent.,  as  a  mean 
of    12    experiments.     Experiments,    41    in 


j  number,  in  which  the  breakage  was  pro- 
duced by  shock,  gave  the  opposite  result. 
These  experiments  were  made  upon  large 

!  steel  needles,  and  upon  cast  nails.  They 
have  been  sometimes  ridiculed  as  too  insig- 
nificant to  afford  valuable  evidence,  but,  in- 
significant as  they  may  appear,  and  roughly 
made  as  they  undoubtedly  were,  they  are 
valuable  as  giving  corroborative  evidence  of 
the  fact  which  has  already  been  quite  well 
proven,  that  decreasing  temperatures,  in 
general,  produce  increased  strength,  but 
decreased  elongation  and  resilience. 

He  concludes  that  ''frost  does  not  make 

i  either  iron  (cast  or  wrought)  or  steel  brittle, 

!  and  accidents  arise  from  the  neglect  of  the 
companies  to  submit  wheels,  axles,  and 
all   other  parts  of  their  rolling   stock  to  a 

I  practical   and   sufficient   test   before   using 

|  them. 

(To  be  continued.) 
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1.  The  experiments  undertaken  at  the 
central  depot  of  the  French  Saltpetre  and 
Powder  Works,  in  order  to  estimate  the 
relative  force  of  different  explosive  bodies, 
lead  to  results  capable  of  throwing  light 
upon  some  obscure  points  in  the  effects 
produced  by  the  explosion  of  dynamite. 

When  dynamite  is  ignited  by  violent  con- 
cussion, such  as  that  occasioned  by  the 
detonation  of  a  strong  primer,  it  explodes, 
even  in  the  open  air,  and  if  confined,  pro- 
duces so  great  an  effect  that  one  part  of 
nitro-glycerine  does  the  duty  of  ten  parts  of 
gunpowder.  If  inflamed  in  any  other  man- 
ner without  percussion  it  burns  quietly  in 
the  open  air,  and  if  confined,  may  give  rise 
to  an  explosion.  This  explosion,  however, 
whatever  may  be  the  temperature  and  the 
pressure  to  which  the  charge  is  submitted, 
is  of  a  quite  different  character  from  the  one 
above-mentioned.  Instead  of  detonation, 
or  explosion  of  the  second  degree,  the  effect 
being  such  that  one  part  of  nitro-glycerine 
corresponds  to  two  of  powder. 

These  results  have  been  obtained  by  find- 
ing the  bursting-charges  necessary  to  frac- 
ture cast-iron  bombs  of  the  same  resisting 
power.  These  bombs  are  closed  with  screw- 
stoppers,  through  which  plays  an  isolated 
wire,  so  that  a  small  Abel's  capsule  can  be 
let  off  in  the  interior. 


The  bursting-charge  of  fine  sporting- 
powder  is  about  16  grms.  With  No.  2 
dynamite  of  Youges,  containing  50  per  cent, 
of  nitro-glycerine,  detonated  with  a  Grevelot 
primer  (containing  U. 25  grms.  of  fulminate), 
the  bursting-charge  is  about  3.50  grms.  In 
place  of  the  primer,  1  grm.  of  powder  was 
used.  In  this  case  the  bomb  was  succes- 
sively charged  with  4,  6,  10,  and  15  grms. 
of  dynamite,  and  only  burst  with  16.  The 
dynamite,  therefore,  produced  in  this  case 
the  sume  effect  as  powder,  and  as  it  con- 
tains 50  per  cent,  of  nitro-glycerine,  one 
part  of  the  latter  is  equal  to  two  of 
powder. 

In  another  series  of  experiments,  in  place 
of  augmenting  the  charge  of  dynamite,  the 
constant  weight  of  4  grms.  was  placed  iu 
the  bombs  (which  with  a  detonator  would 
be  sufficient  to  burst  them),  and  the  ac- 
companying charge  of  powder  was  succes- 
sively increased.  Along  with  the  4  grms. 
of  dynamite,  5,  8,  and  10  grms.  of  powder 
were  successively  used,  and  the  bomb  did 
not  burst  until  12  grms.  were  employed. 
Thus  dynamite  at  50  per  cent,  again  proved 
itself  equal  to  its  weight  of  powder.  It  was 
found  in  every  case  that  the  dynamite 
placed  in  the  bomb  was  entirely  consumed. 
The  question  arises  what  would  be  the  effects 
of  £   dynamite  richer   in    nitro-glycerine  t 
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The  following  experiment  is  decisive  : — A 
d}Tnamite  at  90  per  cent,  of  nitro-glycerine, 
fired  with  a  primer,  burst  the  bomb  with  a 
charge  of  1.80  grm.  But  a  charge  of  3 
grms.  of  the  same  kind  of  dynamite  with  3 
grins,  of  powder  took  no  effect. 

The  trial-bombs  being  able  to  bear  a 
pressure  of  at  least  100  atmospheres,  and 
the  temperature  of  the  flame  of  powder  be- 
ing at  least  3,000  deg.,  it  may  be  afhrined, 
within  the  limits  of  practice,  that : — 

1.  Dynamite  accidentally  ignited  and  be- 
ing, e,  (/.,  in  the  midst  of  a  conflagration,  will 
not  detonate. 

2.  It  may  produce  an  explosion  of  the 
second  degree  analogous  to  that  of  powder. 

3.  The  maximum  intensity  of  such  ex- 
plosion, producible  when  the  enclosing 
space  offers  a  great  resistance,  is  such  that 
1  part  of  nitro-glycerine  is  equal  to  2  parts 
of  powder. 

II.  The  following  experiment  shows  that 
dynamite  can  be  caused  to  detonate  solely 
by  means  of  percussion  of  sufficient  in- 
tensity. The  authors  used  for  this  purpose 
a  dvnamite  at  50  per  cent.,  prepared  with 
finely-divided  silica,  so  as  to  yield  a  matter 
of  low  specific  gravity.  The  charge  being 
ignited  with  aprimer,thebomb  wasburstwith 
4  grms.,  but  only  when  the  charge  was  wrap- 
ped up  in  paper  placed  around  the  primer. 
If  the  dynamite  is  placed  loose  in  the  bomb, 
even  though  the  primer  is  placed  in  the 
middle  of  the  matter,  the  charge  may  be 
raised  as  high  as  12  grms.  and  beyond 
without  rupturing  the  shell.  It  is  clear 
that  in  the  first  case  we  obtain  detonation, 
or  explosion  of  the  first  degree,  but  in  the 
second  merely  explosion  of  the  second 
degree.  The  primer,  therefore,  along  with 
the  dynamite,  can  produce  both  phenomena 
according  to  circumstances.  In  the  first 
experiment  the  dynamite,  being  kept  in  its 
place  by  the  paper,  undergoes  the  full  ac- 
tion of  the  shock.  In  the  second  it  is 
scattered  by  the  shock,  and  is  only  ignited 
by  the  burning  gases.  This  experiment 
succeeds  only  with  pulverulent  dynamites  of 
a  low  specific  gravity.  With  the  ordinary 
dynamites,  of  a  dense  and  plastic  nature, 
the  bursting  ensues  with  the  same  charge, 
no  matter  how  it  be  placed,  provided  that 
it  surrounds  the  primer.  The  following 
fact,  well  known  to  miners  who  use  dyna- 
mite, fully  proves  that  the  intensity  of 
percussion  is  the  determining  cause  of  the 
explosion.  When  the  primers  are  insuffi- 
cient, and  often  miss  fire,   this  evil  may  be 


remedied  by  strengthening  them,  i.  e., 
doubling  the  metal  which  forms  the  tubes. 
The  authors  have  verified  this  fact  with 
different  explosive  matters,  one  and  the 
same  primer  producing,  or  failing  to  pro- 
duce, the  detonation  of  the  dynamite  accord- 
ing as  it  was  encased  in  a  tube  more  or  less 
resistant. 

III.  The  fact  of  two  orders  of  explosion 
so  different  in  intensity  being  produced  by 
dynamite,  enables  us  to  understand  how 
matters  of  this  nature,  containing  one  and 
the  same  amount  of  nitro-glycerine,  may 
have  widely  differing  bursting  oowers.  The 
authors  have  found,  for  instance,  in  dyna- 
mites of  30  per  cent.,  the  explosive  power 
varying  in  the  ratio  of  1  to  2,  according 
to  the  absorbent  matter  employed.  A 
dynamite  is  stronger  the  more  easily  it  is 
ignited  by  the  shock.  When  the  ignition 
is  easy,  the  effect  of  the  percussion  produced 
by  the  primer  is  immediately  transmitted 
throughout  the  entire  mass.  This  is  the 
case  with  dynamites  prepared  with  quartz 
sand.  On  the  contrary,  when  the  substance 
is  not  easily  ignited,  the  action  is  propa- 
gated incompletely  ;  a  part  only  of  the  mass 
detonates,  the  remainder  exploding  in  the 
second  degree  only.  This  effect  is  obtained 
with  dynamites  prepared  with  plastic  ma- 
terials like  ochre.  These  facts  are  plainly 
shown  by  the  following  experiment,  in 
which  the  double  effect  is  manifested  with 
one  and  the  same  charge  of  dynamite. 
Operating  on  the  dynamite  at  50  per  cent., 
4  grms.  of  which  were  sufficient,  with  de- 
tonation, to  burst  the  bomb,  the  authors 
placed  2  grms.  in  a  piece  of  paper  sur- 
rounding the  primer,  the  residue  of  the 
charge  being  spread  loose  in  the  bomb.  In 
this  case  4  grms.  (2-|-2)  and  even  6  grms. 
(2-|-4)  are  insufficient.  The  charge  must 
amount  to  8  grms.  (12— (—6)  to  burst  the 
shell.  The  2  grms.  folded  up  around  the 
primer  acted  by  detonation  ;  the  6  grms. 
lying  loose  by  explosion  of  the  second 
degree,  and  these  two  combined  actions 
effected  the  rupture.  Thus  the  detonation 
of  one  portion  of  dynamite  does  not  neces- 
sarily induce  the  detonation  of  an  adjoining 
mass,  though  such  mass  may  be  ignited 
and  produce  an  explosion  of  the  second 
degree.  The  propagation  of  the  action  is 
the  more  difficult  in  proportion  as  the  dyna- 
mites are  harder  to  ignite.  The  autaors 
conclude  that  dynamite  can,  according  to 
circumstances,  produce  explosions  of  totally 
different  order.     Percussion  alone,  so  far, 
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appears  to  them  capable  of  producing  ex- 
plosion of  the  first  degree,  or  detonation. 
The  pressure  and  temperature  to  which  the 
matter' is  submitted  do  not  modify  the  con- 
ditions of  the  phenomenon. 

This  paper  calls  for  a  few  remarks. 
That  the  nitriles,  whether  nitro-glycerine, 
nitrocellulose,  commonly  called  gun-cotton, 
or  nitromannite,  are,  under  different  cir- 
cumstances, capable  of  exploding  with  very 
different  degrees  of  intensity  is  an  incon- 
trovertible fact.  That  they  may  be  brought 
to  explode  with  their  maximum  force,  or  to 
detonate,  by  the  use  of  a  fulminating 
primer,  is  also  certain.  But  the  maximum 
and  minimum  force,  called  by  Messrs. 
Roux  and  Sarrar  explosions  of  the  first 
and  second  degree,  seem  rather  to  be  the 
extremes  of  a  possible  series  of  effects  than 
two  unconnected  phenomena.  If  nitro- 
glycerine is  capable  of  performing  under 
certain  circumstances  twice,  and  under 
others  ten  times,  the  duty  of  powder,  it  is 
very  probable  that  under  other  sets  of  con- 
ditions it  must  explode  with  immediate 
degrees  of  force.  Farther,  whilst  the  au- 
thors have  shown — what  was  well  kno*vn 
before — that  the  nitriles  can  be  made  to 
detonate  by  means  of  a  primer,  they  have 
not  failed  to  prove  that  they  cannot  detonate 
under  other  circumstances.  Facts  show 
quite  the  contrary.  In  Llanbenis  case, 
where  two  kegs  of  nitro-glycerine  exploded 
14  spontaneously "  in  the  carts  conveying 
them  to  the  slate-quarries,  there  was  no 
primer  concerned.  Yet  the  fury  of  the  ex- 
plosion proved  that  it  must  have  been  one 
of  the  "  first  degree."  In  the  Glasgow 
Water  Works  case,  when  some  men,  tak- 
ing shelter  in  a  hut,  kicked  an  emptied 
nitro-glycerine  can,  with  deadly  result, 
there    was    no    primer.     Yet    the    havoc 


wrought  by  a  mere  film  of  nitro-glycerine 
adhering  to  the  inside  of  the  can  quite 
forbids  us  to  think  of  anything  less  than 
detonation.  Precisely  similar  is  the  case 
with  gun-cotton.  It  was  declared  incapa- 
ble of  detonating — indeed,  of  exploding  at 
all — without  a  primer.  Yet  in  the  Stow- 
market  case,  the  gun-cotton  in  the*packing- 
house  evidently  exploded  with  its  maximum 
intensity,  the  result  being  in  respect  to  the 
quantity  far  greater  than  of  the  first  explo- 
sion in  the  magazine.  Had  the  whole  of  the 
material  stored  there  detonated,  it  is  probable 
much  of  the  town  would  have  been  levelled. 
Messrs.  Roux  and  Sarrar  show  that  a 
heat  of  3,000  dig.  did  not  cause  nitro-glyce- 
rine to  detonate.  But  the  heat  they  thus 
I  applied  was  but  momentary.  Now,  the  re- 
!  spective  effects  of  momentary  and  pro- 
j  longed  heat  upon  the  nitriles  differ  remark- 
ably. The  author  has  known  pure  gun- 
cotton  (trinitic  cellulose),  shut  up  for  some 
hours  in  a  "  water-oven,"  where  the  tem- 
perature never  exceeded  260  deg.  F., 
to  ignite  with  a  feeble  explosion.  A  por- 
tion of  the  same  sample  placed  in  an  open 
tube,  and  rapidly  heated,  did  not  explode 
before  350  deg.  F.,  and  a  third  portion 
dropped  into  a  tube  at  that  temperature 
required  a  farther  rise  of  10  deg.  F.  be- 
fore it  exploded.  Certain  experiments 
point  to  the  conclusion  that  gun-cotton,  and 
doubtless  the  other  nitriles,  if  gradually 
heated  to  near  its  ignition-point,  may  de- 
tonate on  coming  in  contact  with  a  spark 
or  receiving  a  shock.  We  must  remember 
that  even  nitrate  of  soda — a  substance 
which,  when  thrown  into  a  furnace,  merely 
causes  deflagration — occasioned  in  the 
Gateshead  and  the  New  York  cases  phe- 
nomena which  cannot  be  called  anything 
other  than  explosions. 
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From  "The 

Mass  was  the  predominant  feature  ofj 
ancient  constructions,  and  clay,  earth,  bricks, 
and  stones,  the  principal  materials.  The 
introduction  of  the  arch  or  vault  was  one  of 
the  earliest  substitutions  of  the  hollow  for 
the  solid.  If  a  solid  massive  square  pillar 
have  the  middle  portion  cut  out  and  an 
arch  turned  over  the  top,  there  is  so  much 
of  the  original  mass  removed,  and  a  new 
style  of  construction,   so  to  call  it,   intro- 


Engiueer." 

duced.  It  has  been  generally  admitted 
that  the  invention  of  the  arch  is  due  to  the 
Romans,  yet  there  can  be  very  little  doubt 
but  that  the  Assyrians  were  thoroughly 
acquainted  with  it,  although  clay  in  some 
shape  or  another  constituted  almost  their 
sole  constructive  material.  This  formed 
the  nucleus  of  the  enormous  artificial 
mounds  which  that  people  were  fond  of  rais- 
ing on  which  to  erect  their  palaces,  citadels, 
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and  other  commanding  buildings.  Instead 
of  excavating  foundations  upon  which  to 
build,  an  artificial  foundation  was  raised 
and  the  superstructure  placed  thereon. 
Modern  works  are  now  conducted  on  a 
scale  so  gigantic  that  we  are  pretty  well  ac- 
customed to  immense  shifts  of  earth  ;  but 
mechanical  appliances  are  at  our  command 
which  were  unknown  to  our  predecessors, 
who  used  neither  wagons  nor  barrows, 
but  hand  labor  only  in  its  simplest  form. 
In  the  erection  of  the  artificial  mounds  to 
which  we  have  alluded,  the  Assyrians  were 
not  in  the  habit  of  using  the  clay  at 
random,  but  mixed  and  prepared  it  with 
great  care,  so  that  it  showed  a  uniform 
section  everywhere  when  cut.  It  was  com- 
pletely free  from  all  stones  and  foreign 
bodies,  and  closely  resembled  in  its  con- 
sistency the  best  modern  puddle.  This 
material  is  now  in  numerous  instances 
giving  way  to  concrete,  which  promises 
fair  to  be  to  us  what  the  clay  and  bricks 
were  to  the  ancients.  In  works  of  a  char- 
acter similar  to  the  Thames  Embankment 
the  quantity  of  concrete  used  in  foundations 
and  backing  is  something  enormous. 

Explorations  at  Nineveh  have  shown 
that  except  for  paving  purposes  stone  rarely 
entered  into  the  construction  of  the  walls 
and  buildings.  They  consisted  of  clay 
only,  which  had  evidently  been  moulded 
in  the  shape  of  bricks,  and  put  together 
without  the  aid  of  mortar  or  cement  of  any 
kind.  In  the  few  examples  in  which  stone 
was  found  to  be  employed  the  joints  were 
made  in  the  same  manner,  that  is,  by  sim- 
ple juxtaposition.  Mortar  and  cement  ap- 
pear to  have  been  rarely  or  never  em- 
ployed. The  size  of  the  stones  was  con- 
siderable, so  that  mere  weight  would,  to 
some  extent,  render  superfluous  the  employ- 
ment of  any  adhesive  substance  at  the 
joints.  But  this  was  not  the  case  with  the 
bricks,  which  were  nearly  of  a  square  form, 
1  ft.  4  in.  on  the  sides  by  2  in.  in  thickness. 
The  question  which  remains  unsettled  is, 
in  what  degree  of  consistency  were  these 
bricks  at  the  time  they  were  put  together  ? 
Were  they  sufficiently  plastic  to  adhere 
together,  or  were  they  wetted  before  being 
used,  so  as  to  soften  the  surfaces  merely 
which  were  in  contact  ?  Upon  this  sup- 
position there  would  be  an  apprecia- 
ble difference  between  the  appearance 
of  the  body  of  the  bricks  and  that 
of  the  joints,  which  does  not  exist. 
There     is,     nevertheless    a    slight    differ- 


ence in  color  at  these  points,  which  looks 
like  lines.  The  Assyrians  had  two  varie- 
j  ties  of  baked  bricks  ;  the  one  was  regular- 
i  ly  shaped  with  parallel  faces,  and  the  other 
of  a  trapezoidal  form.  These  latter  were 
intended  for  arches  or  vaults,  and  the  incli- 
nation of  the  sides  varied  with  the  position 
which  the  particular  brick  was  intended  to 
occupy  in  the  curve.  The  dimensions  and 
proportions  of  the  Assyrian  bricks  differ 
from  those  of  modern  manufacture.  Those 
employed  in  paving  were  of  two  sizes.  One 
class  was  1  ft.  4  in.  by  1  ft.  4  in.,  by  2^  in. 
in  thickness,  and  the  other  13  in.  by  13  in. 
by  4±  in.  thick.  A  peculiar  feature  in 
these  old  bricks  is  that  they  are  with  few 
exceptions  covered  with  inscriptions  in  the 
cuneiform  character.  Two  remarkable  fea- 
tures in  the  construction  of  ancient  cities 
were,  first,  that  either  the  diagonals  or  the 
direction  of  the  sides  pointed  exactly  towards 
the  cardinal  points,  and.  secondly,  the  enor- 
mous thickness  of  the  walls  of  the  principal 
buildings.  It  is  probable  that  astronomi- 
cal reasons  dictated  the  former  of  these,  and 
climatic  exigencies  the  latter.  In  the  case 
of  Nineveh  there  can  be  little  doubt  of  this, 
as  the  Assyrians  were  celebrated  for  their 
skill  in  astronomy,  and  their  partiality  for 
the  science.  The  thickness  of  the  internal 
walls  is  scarcely  ever  less  than  10  ft.,  and 
that  of  some  of  the  external  varies  from  1G 
ft.  to  25  ft.  Some  consideration  must  be 
given  to  the  fact  with  regard  to  the  thick- 
ness of  the  walls,  that  the  mode  of  building 
them  with  bricks  merely  dried  in  the  sun 
required  this  dimension  to  be  disproportion- 
ately great. 

In  the  building  of  their  domes  and  vaults 
the  Assyrians  employed  a  more  brittle  de- 
scription of  brick  than  in  their  walls  and 
pavements,  and  the  joints  were  made  by 
grouting  them  with  semi-fluid  clay.  The 
voussoir  shape  of  these  bricks  proves  that 
the  theory  of  the  arch  must  have  been 
known  at  that  time,  and  some  considerable 
progress  made  in  the  preparation  of  artifi- 
cial stones.  There  is  no  evidence  of  timber 
being  employed  as  a  material  of  construc- 
tion by  the  people  under  notice.  It  was 
used  only  in  small  quantities,  and  for  the 
purposes  of  ornament.  It  seems  that  iron 
was  altogether  unknown  as  a  constructive 
material.  Copper  was  turned  to  account 
for  the  pivots  or  hinges  of  doors,  and  lead 
was  also  rendered  serviceable.  Enamelled 
bricks  were  common,  and  stucco  was  large- 
ly employed,  as  with  us,  for  the  double  pur- 
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pose  of  protecting  the  brickwork  from  the 
effects  of  the  air,  and  hiding  the  roughness 
of  the  surface.  There  is  one  ceremony 
which  appears  to  have  existed  at  the  time 
of  the  Assyrians,  which  is  common  to  mod- 
ern times  as  well.  It  is  that  of  laying  the 
first  or  foundation  stone  of  a  building.  A 
recent  French  explorer,  M.  P.  Place,  dis- 
covered in  a  layer  of  fine  sand  underneath 
one  of  the  monoliths  of  the  gates  of  Nine- 
veh, a  variety  of  different  objects  in 'marble, 
agate  and  cornelian,  which  were  cut  and 
engraved,  and  were,  moreover,  all  pierced 
with  a  hole,  as  if  they  had  originally  formed 
part  of  a  bracelet  or  necklace  deposited  at 
the  laying  of  the  stone  as  coins  are  deposit- 
ed with  us.  While  well  versed  in  the 
practice  of  earth  work,  brick  work,  and 
even  masonry,  the  Assyrians  were  totally 
ignorant  of  the  art  of  construction  con- 
sidered in  the  light  of  an  assemblage  of 
pieces  of  timber  or  iron.  They  could  heap 
up  materials  so  as  to  cause  the  structure  so 
composed  to  resist  any  outward  force  by  its 
sheer  weight  or  inertia,  but  they  knew 
nothing  whatever  of  the  distribution  of 
pressures,  or  how  to  proportion  a  structure 
so  that  it  should  be  equally  strong  in  all 
parts.  Both  the  labor  and  the  material 
were  too  abundant  to  call  for  economy  in 
either  one  or  the  other. 
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American  Society  op  Civil  Engineers.— A 
regular  meeting  of  this  Society  was  held  at 
the  rooms  in  New  York,  March  19th,  1873. 

Joseph  Whitney,  C.  E.,  of  Cambridge,  Mass., 
presented  the  subject  of  "  Leakages  in  Water 
Pipes,"  illustrated  by  specimens  of  defective  water 
pipes  from  the  Cambridge  Water  Works. 

He  desired  to  make  a  simple  statement  of  his 
own  operations  and  experiments.  The  great  and 
growing  increase  in  the  consumption  of  water  is 
a  matter  of  the  first  importance  in  the  manage- 
ment of  water-works.  Scarcely  a  report  relating 
to  water-works  is  issued  which  does  not  refer  to 
it — and  as  something  quite  unaccoimtable ;  still  no 
systematic  effort  is  made  to  ascertain  its  cause. 

Some  years  since  his  attention  was  called  to  the 
subject  in  Cambridge,  where,  for  three  years  pre- 
ceding, the  water  pressure  had  been  growing  less, 
thus  causing  much  inconvenience  and  insecurity 
in  case  of  fire.  This  was  ascribed  to  the  great 
number  of  users  from  one  main,  an  eight-inch 
pipe.  In  a  particular  house  the  water  scarcely 
rose  to  the  second  story — at  night  or  day.  After 
inquiry,  a  series  of  observations  were  made,  with 
siphon  pipe  and  pressure  gauge,  to  determine  the 
cause.  These  were  made  in  the  morning,  when 
the  consumption  was  nearly  nothing,  and  in  one 
case,   by   shutting   off  certain   sections  from  the 


main,  say  a  four  or  six-inch  pipe,  a  large  leak  was 
revealed  where  the  pipe,  laid  in  a  street  filled  with 
oyster  shells,  had  paired.  In  another  case,  when 
the  gate  was  closed,  the  water  in  the  siphon  at 
once  rose  16  ft. — equal  to  about  two  stories  of  an 
ordinary  house — the  pipe,  about  600  ft.  long  and 
laid  upon  a  manche,  was  examined  and  the  leak 
found  in  a  joint,  where  the  two  parts  had  been 
entirely  separated  by  a  settlement  of  one  section. 
These  and  other  leaks,  detected  similarly,  were 
closed,  and  thus,  without  any  increase  of  size  in 
the  main,  an  additional  head  was  secured  of  35 
ft.,  which  gave  a  full  supply  to  each  house  in  that 
locality. 

Observations  were  afterwards  made  upon  the 
water  in  the  reservoir  in  the  night  time,  which 
showed  still  a  leakage.  By  continued  experiments 
upon  the  pipes  throughout  the  city,  nearly  two 
hundred  leaks,  of  from  1,000  to  2,000  gallons  each 
per  hour,  were  found.  The  necessary  repairs  were 
made,  and  thereby  the  average  daily  consumption 
per  head  was  reduced  from  85  to  35  gallons,  which 
is  not  more  than  one-half  that  in  most  cities. 

Leakage  of  this  character  may  exist  a  long  time 
without  being  known.  Thus  it  may  start  when 
the  water  is  first  let  on,  and  the  water  find  a  pas- 
sage through  some  blind  channel  into  the  sewer  ; 
it  will  not  be  seen  at  the  surface  unless  this  up- 
ward and  outward  is  the  easiest  course. 

It  is  quite  probable  that  this  subject  concerns 
other  cities  than  Cambridge,  and  furnishes  a  satis- 
factory reason  for  the  great  increase  in  the  con- 
sumption of  water,  and  the  corresponding  growing 
demand  for  supply,  which  more  or  less  embarrass- 
es public  authorities. 

It  is  said  that  in  the  city  of  New  York  the 
consumption  is  about  100,000,000  gallons  per 
diem  ;  if  so,  he  was  sure  at  least  50,000,000  were 
wasted  through  unrecognized  leaks  into  the  sew- 
ers, and  surrounding  rivers.  In  Boston  more  than 
17,000,000  gallons  are  supplied,  where  8,000,000 
should  suffice. 

It  is  a  fair  presumption  that  one-half  these 
great  amounts — being  but  waste — and  its  corre- 
sponding cost  in  the  construction  and  operation  of 
water  works,  may  be  saved  ;  surely,  examination, 
complete  and  exhaustive,  should  be  made  to  de- 
termine whether  this  is  presumption  or  fact. 

Thomas  F.  Rowland,  M.  E.,  of  Greenpoint,  N. 
Y.,  presented  a  paper  on  the  "  Adaptation  of  Me- 
chanical Power  to  the  Work  of  Charging  and  Dis- 
charging Gas  Retorts" — illustrated  by  a  large 
working  model  of  machinery  for  the  purpose ;  by 
which  it  is  proposed  to  take  the  coal  from  a  pocket 
outside  of  the  retort  house,  size,  mix,  transport  and 
deposit  it  in  proper  quantities  in  the  retorts,  and  af- 
terwards discharge  therefrom  the  resulting  coke 
into  the  coke  barrows. 

The  apparatus  consists — first  of  an  iron  car, 
which  traverses  the  retort  house  in  front  of  a  bench 
upon  a  railroad  of  12  ft.  gauge,  and  carries  the 
mechanism  for  charging  and  discharging;  and 
second,  a  series  of  buckets,  which,  suspended  from 
an  overhead  or  "pendent  railway,"  conveys  coal 
to  the  charging  apparatus. 

The  iron  car— about  14  ft.  sq. — is  propelled 
by  an  engine  and  boiler  placed  upon  it,  which  also 
drive  the  machinery  carried.  Midway  on  the  car 
the  meter  is  located  which  receives  the  coal  from 
the  buckets  and  deposits  it  in  the  charger. 

The  meter  is  a  horizontal  cylinder  divided  Ion- 
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gitudinally  into  three  compartments  or  cavities — 
such  that  each  will  contain  enough  coal  for  one 
retort.  It  revolves  intermittently  at  the  base  of  a 
hopper  or  "  coal  pocket,"  which  receives  the  coal 
from  the  buckets — each  cavity  therein  being  in 
turn  filled  with  coal  and  emptied  by  discharge 
into  shutes,  severally  in  communication  with  the 
three  scoops  of  the  charger.  These  shutes  are 
placed  one  above  the  other,  and  as  the  meter  re- 
volves, are  automatically  opened  and  closed,  so 
that  the  coal  is  discharged  into  each  in  succession. 
The  edges  of  the  meter  cavities  and  of  the  throat 
of  the  "  coal  pocket "  are  armed  with  hard,  sharp 
steel  blades,  to  cut  or  crush  fragments  of  coal 
which,  lodging  between  the  surfaces,  otherwise 
might  clog  the  machine. 

The  "  charger  "  is  a  carriage  traversing  the  top 
of  the  car  transversely  ;  its  three  scoops  are  placed 
one  above  the  other  at  distances  corresponding  to 
the  vertical  measure  between  the  retorts — they  are 
D  shaped,  like  the  retorts,  and  have  movable  bot- 
toms. When  the  scoops  are  filled  by  a  transverse 
movement  of  the  carriage,  they  are  thrust  forward 
into  the  retorts;  the  motion  being  reversed,  the 
bottoms  and  then  the  scoops  are  withdrawn;  there- 
by the  coal  is  deposited  evenly  over  the  retort,  and 
the  scoops  made  ready  for  another  charge. 

The  "discharger"  is  a  carriage  similar  to  the 
"  charger."  The  two  are  placed  at  opposite  ends 
of  the  car,  and  the  meter  between  them.  By  an 
automatic  device,  three  hoes  or  rakes  are  simul- 
taneously thrust  into  three  retorts,  dropped  until 
they  rest  on  the  retort  bottoms,  and  then  with- 
drawn, whereby  the  coke  is  removed  and  dis- 
charged on  to  the  retort-house  floor,  or  into  coke 
barrows. 

One  tier  of  retorts  may  be  charged,  and  the  ad- 
jacent one  discharged  at  the  same  and  in  a  very 
brief  time. 

The  "  pendent  railway "  consists  of  two  single 
parallel  rails,  10  ft.  apart — suspended  from  the 
retort-house  roof,  over  the  railroad  before  men- 
tioned, and  connected  at  the  ends  by  semicircular 
rails,  thus,  together,  forming  an  endless  line,  from 
which  is  suspended  a  series  of  coal  buckets,  at- 
tached to  a  flexible  steel  belt,  by  which  they  are 
separated,  at  uniform  distances  apart.  The  belt 
passes  around  horizontal  drums,  10  ft.  in  diameter, 
and  placed  one  at  each  end  of  and  below  the  line, 
their  vertical  shafts  being  in  the  centre  of  the 
curved  rails.  One  of  these  drums  is  an  idler — the 
other,  that  at  the  receiving  end,  is  in  a  tower  out- 
side of  the  retort  house.  In  its  periphery  are  two 
openings,  diametrically  opposite,  which,  by  two 
inclined  shutes,  are  connected  with  a  fixed  cylin- 
drical hopper,  or  reservoir,  for  coal  above.  The 
buckets  are  vertical  cylinders,  with  one  half  of 
the  upper  part  cut  away,  so  that  when  they  are  in 
contact  with  the  drums  their  axial  planes  coincide 
with  the  periphery.  The  space  between  the 
buckets  on  the  belt  is  equal  to  one  half  the  circum- 
ference of  the  drums . 

When  this  apparatus  is  in  motion,  the  buckets 
pass  along  the  "pendent"  railway — then  openings 
are  brought  successively  in  contact  with  the  open- 
ings of  the  drums,  so  that,  the  coal  conveyed  by 
the  inclined  shutes  from  the  reservoir,  drops 
through  them — the  quantity  being  regulated  by 
valves  in  the  shutes,  worked  automatically. 

The  buckets  have  hinged  bottoms  to  drop  down- 
ward, and  are  opened  when  passing  over  the  "  coal 


pocket "  on  the  car,  at  the  will  of  the  operator,  by 
releasing  a  catch;  they  are  mechanically  closed 
just  before  reaching  the  drum,  where  they  are 
filled. 

The  coal  in  the  yard,  after  passing  between 
sizing  and  mixing  rolls,  is  lifted  to  the  reservoir 
over  the  drum,  by  elevators,  similar  to  those  used 
at  Messrs.  Hecker's  flouring  mills  in  New  York. 

The  several  parts  of  this  apparatus  can  be 
worked  independently,  and  thereby  accommodated 
to  the  varying  demands  likely  to  be  made  upon  it. 


IRON  AND  STEEL  NOTES. 

IMPROVEMENTS  IN  THE  "  OPEN  HEARTIT  PRO- 
CESS" of  Making  Steel. — Mr.  B.  B.  Healey, 
of  the  Elba  Steel  Works,  Swansea,  has  recently 
devised  some  important  modifications  of  the  "Open 
Hearth  Process  "  of  making  steel,  for  the  applica- 
tion of  which  works  and  very  complete  plant  have 
been  erected,  and  are  now  about  to  get  into  opera- 
tion on  a  manufacturing  scale.  Two  papers  have 
been  read  on  the  subject  by  Mr.  Healey  to  the  In- 
stitution of  Engineers  in  Scotland,  and  the  follow- 
ing is  a  short  summary  of  the  descriptions  con- 
tained in  them :  — 

The  furnaces  are  built  in  line  with  their  tapping 
pits  in  the  usual  way,  each  furnace  being  provided 
with  an  hydraulic  lift  for  the  ladle  carriage,  and 
with  a  turn-table  in  front  of  the  ingot  moulds.  To 
each  pair  of  furnaces  there  is  a  two-ton  hydraulic 
crane. 

The  ingots  are  cast  in  groups,  the  metal  being 
conducted  by  means  of  feeders  or  "  gits,"  and  hol- 
low or  perforated  bricks  to  the  bottoms  of  the 
moulds,  by  which  arrangement  the  ingots  are  cast 
solid,  and  by  this  mode  of  casting  the  weight  of 
the  "gits"  made  does  not  exceed  the  waste  or  loss 
in  heating  ingots  for  hammering,  and  even  the 
greater  portion  of  them  are  available  for  small 
merchant  bars. 

Great  simplicity  is  displayed  by  Mr.  Healey  in 
the  construction  of  the  details  of  the  lifts,  turn-ta- 
bles, ladles  and  crane,  all  of  which  are  strong  and 
effective.  The  hydraulic  appliances  are  found 
extremely  handy,  both  for  regular  work  and  for 
clearing  the  pits  of  "  sculls  "  and  slags. 

In  front  of  the  furnaces  there  is  a  line  of  rails, 
which,  with  the  ladle  lifts,  connects  the  line  of 
furnaces.  This  arrangement  may  almost  be  re- 
garded as  indispensable,  inasmuch  as  it  is  a  source 
of  great  economy  in  itself.  When  the  casting  is 
going  on,  the  ladle  is  above  the  floor  line,  the  taps 
of  the  moulds  being  about  level  with  the  floor,  and 
the  comparative  coolness  of  the  casting  shops 
which  results  from  this  arrangement  is  very  agree- 
able to  the  workmen. 

The  furnaces  are  provided  with  an  ingenious 
arrangement  of  continuous  regenerators,  and  are 
supplied  with  gas  which  is  produced  in  generators 
outside  the  casting  shops,  and  conveyed  to  the 
furnaces  by  means  of  underground  flues.  Each 
furnace  has  a  separate  chimney  and  a  separate  nest 
of  gas  generators,  and  is  thus  found  to  work  in  a 
more  regular  manner  than  when  several  furnaces 
are  connected  with  one  chimney.  By  Mr.  Healey's 
modification  of  the  Siemens  heat  regenerative 
system,  heat  is  restored  to  the  furnace  by  means 
of  regenerative  tubes,  which  are  built  in  a  pair  of 
chambers,  the  surplus  heat  passing  continuously 
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through  the  tubes  to  the  chimney,  and  the  com- 
bustible gas  and  the  air  passing  outside  the  tubes, 
bo  that  by  impinging  in  succession  upon  several 
tiers  of  them  they  may  become  heated  as  they 
approach  the  furnace. 

The  charges  used  at  present  at  the  Elba  Steel 
"Works  are  made  up  of  Bessemer  pig  iron,  wrought 
iron  scraps,  steel  scraps,  and  Elba  ore,  the  total 
loss  in  conversion  being  about  five  per  cent,  on  the 
gross  weight  of  metal  charged  into  the  furnace. 
In  the  steel  resulting  from  the  treatment  of  such 
a  mixture  there  is  usually  from  0.35  to  0.45  per 
cent,  of  combined  carbon,  but  other  qualities  are 
sometimes  produced,  which  are  used  for  tools  of 
various  kinds. 

Successful  experiments  have  been  made  by  Mr. 
Healey  to  reduce  the  iron  ore  direct  to  steel,  but 
at  present  this  process  is  not  in  operation. 

rrHE  English  papers  are  just  now  commenting 
-I  with  a  good  deal  of  feeling  upon  the  fact  that 
an  English  firm  have  ordered  1,000  tons  of  iron 
from  Pennsylvania,  and  that  steel  railway  axles 
cost  £8  a  ton  less  in  the  United  States  than  in 
England.  A  correspondent  of  the  "  Ironmonger  " 
reports  that  the  chain  trade  of  South  Staffordshire 
with  this  country  has  almost  ceased.  "  At  this 
period  of  the  year,"  he  says,  "we  have  usually 
been  doing  a  great  business  in  the  lighter  goods 
with  the  United  States  and  Canada,  and  South 
America.  The  quotations  have,  however,  lately 
so  greatly  advanced  that  nothing  is  now  being 
done.  It  has  not  been  an  unusual  circumstance 
for  an  order  to  the  extent  of  5,000  dozen  to  reach 
one  of  the  merchant  firms  of  Wolverhampton,  but 
that  firm  is  now  getting  scarcely  an  order,  custom- 
ers' communications  intimating  that  the  chains  can 
be  got  in  America  at  under  the  quotations  of  Eng- 
lish makers.  The  high  prices  which  have  been  ne- 
cessitated in  the  past  two  years  by  the  advances 
iron  have  greatly  stimulated  the  industry  in  the 
United  States,  and  team  and  draw  chains  and 
haimes  are  now  being  produced  in  immense  quan- 
tities in  St.  Louis.  The  rise  in  these  goods  in  this 
country,  as  compared  with  the  quotations  a  little 
over  two  years  ago,  is  from  100  to  130  per  cent." 
Other  proofs  of  our  increasing  ability  to  supply 
our  own  wants  are  mentioned,  and  the  "  Ironmon- 
ger," editorially,  says:  "In  iron  per  se  the  suc- 
cessful competition  of  the  American  manufacturers 
is  even  more  conspicuous,  and  that  which  has 
often  been  mentioned  as  an  altogether  improbable 
event  seems  likely  to  occur.  We  have  informa- 
tion to  the  effect  that  one  of  the  firms  in  the  heart 
of  South  Staffordshire  who  use  large  quantities  of 
strip  iron  are  at  this  moment  making  arrange- 
ments to  obtain  from  the  mills  of  Pennsylvania  no 
less  a  quantity  than  1,000  tons  of  strip  to  be 
brought  across  the  Atlantic,  and  to  be  used  within 
sight  and  sound  of  the  mills  and  forges  whence  at 
one  time  the  Americans  could  alone  obtain  their 
iron.  If  this  be  so,  the  days  of  Macaulay's  New 
Zealander  upon  London  Bridge  would,  in  the 
matter  of  the  supreme  sovereignty  of  the  British 
iron  trade,  be  nearer  at  hand  than  most  people  are 
disposed  to  imagine."  On  the  other  hand,  the 
English  are  learning  from  us  to  diminish  the  size 
of  some  of  their  unwieldy  tools,  and  they  are  copy- 
ing our  better  models.  They  are  making  Ameri- 
can axes  and  putting  American  handles  to  them, 
and  report  that  in  Australia  the  English  article  is 


not  only  cheaper  but  of  better  quality.  According 
to  their  accounts,  we  are  certain  to  lose  the  Aus- 
tralian trade  in  axes— thf  supply  of  which  is  said 
to  be  at  present  the  most  active  and  profitable 
branch  of  the  edge  tool  manufacture  in  Sheffield. 
— Engineering  and  Mining  Journal. 


RAILWAY  NOTES. 

(Central  Asiatic  Railway. — The  latest  pro- 
J  posal  made  with  the  view  of  facilitating  our 
intercourse  with  Central  Asia  is  that  of  M. 
de  Lesseps,  who  has  just  put  forward  the  idea  of 
constructing  a  great  Central  Asiatic  Railway  from 
Orenburg  to  Samarcand,  Bokhara,  and  Peshawur, 
which  would  complete  the  line  of  railway  from 
Calais  to  Calcutta. 

After  the  splendid  success  of  M.  de  Lesseps 
with  the  Suez  Canal,  English  engineers  rather 
hesitate  to  say  much  against  any  project  put  for- 
ward by  him,  but  still  little  encouragement  has 
yet  been  given — at  least  in  England— to  the 
"Central  Asiatic  Railway."  Perhaps  political 
considerations  alone  are  sufficient  to  prevent  the 
accomplishment  of  the  scheme ;  but,  apart  from 
these,  it  seems  very  questionable  whether  such  a 
railway  would  really  answer.  According  to  a  pa- 
per read  at  the  last  meeting  of  the  Austrian  Geo- 
graphical Society  by  Colonel  von  Stubendorff,  of 
the  Russian  army,  the  line  would  pass  through 
Aralsk,  the  valley  of  the  Sir  Darya,  Taschkend, 
and  the  Gates  of  Tamerlane,  as  any  other  route 
would  be  impracticable.  From  Samarcand  to 
Peshawur  the  line  would  necessarily  go  through 
the  Bamyan  Pass  and  Cabul.  The  Colonel  fur- 
ther stated  that  it  was  now  pretty  certain  from 
the  researches  of  Colonel  Sbernitzky  that  the  old 
bed  of  the  Oxus  extends  eastward  from  Krasno- 
vodsk  in  the  direction  of  Bokhara,  and  that  the 
construction  of  a  line  of  railway  along  this  dry 
river-bed  from  the  Caspian  to  Bokhara  and  Sam- 
arcand would  be  comparatively  easy.  Such  a 
railway  would  be  in  direct  communication  with 
Europe  by  means  of  the  line  of  steamers  from 
Krasnovodsk  to  Baku  and  the  railway  from  Baku 
to  Poti  and  Odessa.  So  far  as  the  first  portion, 
up  to  Samarcand,  is  concerned,  there  merely  re- 
mains the  question  whether  sufficient  traffic  could 
be  obtained  to  repay  the  cost  of  construction,  or, 
if  not,  whether  the  Russian  Government  would 
care  to  keep  up  the  railway  for  State  purposes  and 
as  a  military  road.  When  the  Hindoo  Koosh  is 
reached,  as  has  already  been  pointed  out  in  an, 
article  on  this  subject  by  "  Iron,"  the  engineering 
difficulties  would  be  so  tremendous,  and  the  cost 
of  overcoming  them  so  great,  that  it  is  difficult  to 
conceive  how  the  first  cost  of  construction  could 
be  repaid.  Then,  again,  the  traffic  on  this  second 
part  of  the  line,  except  the  through  traffic  from 
Europe  to  India,  would  be  inconsiderable,  on  ac- 
count of  the  nature  of  the  districts  traversed,  and 
it  is  certain  that  the  amount  derived  from  the  con- 
veyance of  goods  and  passengers  over  the  whole 
line  from  one  end  to  the  other,  would  be  utterly 
inadequate  for  the  support  of  the  railway  without 
the  aid  of  considerable  local  traffic,  much  more 
than  can  reasonably  be  expected.  Doubtless,  as 
the  trade  and  resources  of  the  vast  countries 
through  which  the  route  would  lie  became  more 
developed,     such    local    traffic  would    gradually 
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arise,  but  it  would  certainly  be  very  long  before 
anything  like  a  return  from  such  sources  could 
be  expected. 

So  far  as  can  be  seen  at  present,  therefore,  it 
does  not  appear  as  if  the  project  of  M.  de  Lesseps 
offered  any  advantages,  at  least  with  regard  to 
England,  over  the  older  scheme  of  a  railway  di- 
rect through  Turkey,  down  the  Euphrates  valley, 
and  along  the  coast  line  to  Kurrachee  and  Bom- 
bay*, while  it  has,  as  compared  with  it,  many  se- 
rious drawbacks.  Such  a  line  would  be  more  di- 
rect, shorter,  and  more  easy  of  construction  ;  and, 
if  it  would  not  help  the  important  question  of 
opening  up  this  vast  district  of  Central  Asia,  it 
would,  as  a  highway  to  the  East,  be  more  conve- 
nient and  direct  than  the  new  route. 

A  Series  of  experiments  were  lately  made  at 
one  of  the  Sheffield  foundries  with  an  im- 
proved steel  car  wheel,  which  gave  most  satisfac- 
tory results.  In  the  construction  of  this  wheel  an 
ordinary  rolled  crucible  of  Bessemer  steel,  iron,  or 
other  tyre,  is  heated  as  hot  as  possible  without 
burning,  in  a  suitable  furnace,  and  then  deposited 
in  a  casting-  box,  the  nave  being  first  placed  in  the 
centre  and  moulded  thereto  in  the  ordinary  way. 
Molten  crucible  steel  or  iron  is  then  poured  there- 
in, whereby  it  becomes  united  together  in  one  solid 
or  hollow  homogeneous  weldless  wheel,  thus  obtain- 
ing a  combined  wheel  of  great  strength,  elasticity 
and  tenacity,  free  from  the  defects  and  liability  to 
breakage  of  those  in  ordinary  use ;  the  wheel  is 
afterward  annealed,  if  required. 

Eor  wheels  of  a  similar  construction  to  those  at 
present  in  ordinary  use  upon  railways,  the  tyre 
is  first  suitably  heated  and  deposited  in  the  cast- 
ing box,  and  then  the  nave  placed  in  the  centre. 
Pieces  of  crucible  or  Bessemer  steel,  or  wrought 
iron,  of  the  necessary  thickness,  cut  into  suitable 
lengths  to  form  the  arms  or  spokes,  are  arranged 
around,  and  retained  in  their  position  by  moulding 
in  the  usual  way.  Molten  steel,  iron,  or  other 
metal,  is  then  poured  in  until  they  become  united 
into  and  form  one  solid  homogeneous  weldless 
steel  or  metal  wheel. 

These  wheels  are  said  to  be  peculiarly  free  from 
jarring  and  concussion,  as  well  as  more  econ- 
omical than  ordinary  wheels,  and  not  so  liable  to 
sudden  expansion  or  contraction  ;  the  absence  of 
complicated  tyre  fastenings  is  also  an  advanta- 
geous feature. 


ENGINEERING  STRUCTURES. 

The  Mersey  Tunnel  Scheme. — This  impor- 
tant engineering  work  is  progressing  slowly 
but  surely,  and  in  the  course  of  time  Liverpool 
and  Birkenhead  will  be  connected  by  other  means 
than  the  penny  steamboat.  The  progress  of  the 
work  thus  far  may  be  thus  described :  A  working 
shaft  36f  ft.  long  and  8  ft.  wide  has  been  sunk  to 
the  required  depth  of  the  tunnel.  This  shaft 
passed  through  a  portion  of  an  old  quarry,  but  its 
lower  half  is  cut  in  new  red  sandstone  of  a  very 
hard  description.  The  depth  of  the  shaft  keeps 
the  crown  of  the  heading,  now  being  cut,  about  80 
ft.  below  the  Mersey   high-water   level.     The  for- 


*  See  Mr.  Hvcle  Clarke's  paper  on  the  subject  in  the  "  Jour- 
nal" for  Nov.  24,  1871. 


mation  of  the  tunnel  will  allow  of  the  junction  be- 
ing effected  with  the  Birkenhead  and  Chester 
Railway.  Already  over  200  ft.  of  the  tunnel  have 
been  dug,  two  gangs  of  miners  being  constantly  at 
work.  The  fresh  water  in  the  shaft  accumulates 
at  the  rate  of  5,000  gallons  per  hour  ;  and  when 
the  sub-river  tunnel  is  completed  the  drainage 
will  be  effected  by  a  drift  way,  with  a  slight  fall 
from  the  middle  of  the  river  to  the  shafts  on  eith- 
er side.  The  tunnel  from  the  Birkenhead  station 
to  the  shaft  near  the  Ferry  will  contain  two  lines 
of  rails,  but  under  the  river  there  are  to  be  two 
single  tunnels,  with  one  line  of  rails  in  each.  The 
advantage  of  this  will  be  found  in  the  better 
means  of  ventilation  when  the  traffic  in  each  tun- 
nel tends  in  the  same  direction,  and  further  in  the 
fact  that  there  will  be  a  greater  space  between  the 
crown  of  the  tunnel  arch  and  the  river's  bed  than 
would  otherwise  be  obtainable.  Each  of  these 
tunnels  will  be  a  mile  long,  from  shaft  to  shaft, 
and  three-quarters  of  a  mile  actually  under  the 
river;  they  will  be  15  ft.  high,  and  at  an  average 
depth  of  30  ft.  below  the  river's  bed.  The  great- 
est depth  of  the  river  is  about  67  ft.  at  low  water, 
and  95  ft.  at  high  water,  and  at  no  point  of  the 
tunnel  will  there  be  less  than  20  ft.  of  solid  rock 
between  it  and  the  river's  bed.  The  engineers, 
Messrs.  J.  Brunlees  and  Mr.  C.  D.  Fox,  report  no 
fault  whatever  in  the  projected  course  of  the  tun- 
nel under  the  river,  the  rocky  bed  of  which  is  bare 
for  two-thirds  of  the  length,  and  covered  with 
clay  and  sand  on  the  Liverpool  side.  In  order  to 
prevent  the  percolation  of  river  water,  the  tunnel 
will  be  lined  with  Staffordshire  blue  bricks  set  in 
Portland  cement ;  and  while  the  works  are  in  pro- 
gress strong  pumping  power  will  be  kept  up  on 
both  sides  of  the  river.  The  gradients  in  the  tun- 
nels will  be  about  1  in  40.  Though  the  actual 
tunnelling  under  the  river  has  not  commenced, 
contracts  are  to  be  at  once  carried  out  by  the  Dia- 
mond Boring  Machine  Company,  whereby  a  head- 
ing 9  ft.  high  by  9  ft.  wide  is  to  be  driven  under 
the  river  some  1,300  yards  within  the  next  twelve 
months  ;  and  both  sub-river  tunnels  are  to  be  com- 
pleted and  ready  for  traffic  in  about  double  that 
period.  This  boring  apparatus  is  said  to  be  exca- 
vating at  least  16  yards  per  week  under  the  lime- 
stone on  Clifton  Downs,  Bristol,  and  the  absence 
of  faults  in  the  sandstone  under  the  Mersey 
presents  a  favorable  opportunity  for  the  machine 
being  efficiently  worked. 

BALTIMORE  AND  Potomac  Tunnel. — The  Bal- 
timore "  Sun  "  gives  the  following  resume  of 
the  present  condition  of  the  work  : 

"  The  tunnel,  running  through  a  portion  of  the 
western  section  of  the  city,  is  upon  the  verge  of 
completion.  It  was  begun  May,  1871,  and.  the 
city  ordinance  giving  the  Bait.  &  Pot.  R.  Co.  the 
right  to  construct  the  tunnel  under  the  beds  of 
certain  streets  requires  the  portion  on  those  streets 
to  be  finished  during  the  present  month.  This  re- 
quirement will  be  complied  with.  The  track- 
laying  is  now  proceeding,  about  half  a  mile  of  the 
tunnel  being  already  laid  with  double  tracks  of 
steel  rails  and  stone  ballasting.  The  tunnel  is 
made  with  two  open  cuts,  one  of  200  feet  and  the 
other  of  345  ft.  Exclusive  of  the  open  cuts,  the 
tunnel  is  6,448  ft.  long,  and  with  the  open  cuts 
7,593  ft.  It  connects  the  B.  &.  P.  R,  with  the 
N.  Cent.  R.  at  North  avenue  bridge  over  Jones' 
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Tails,  the  portal  of  the  tunnel  being  at  the  western 
abutment  of  the  bridge.  It  then  follows  the  line 
of  Wilson  from  Oliver  to  John  street.  The  first 
open  cut  (between  Oliver  and  John  streets)  will  be 
kept  open  for  ventilation  and  light.  From  John 
street  the  line  follows  Wilson  street  to  Pennsyl- 
vania avenue,  where  it  curves  to  the  right  into 
Winchester  street.  Here  is  the  other  open  cut ; 
it  will  be  kept  open  for  the  reasons  before  stated, 
and  also  for  a  depot,  which  will  be  located  here 
fronting  on  Pennsylvania  avenue.  Passengers 
will  descend  by  stairs  from  the  depot  to  the  track. 
Thence  the  tunnel  runs,  still  under  the  bed  of 
Winchester  to  Gilmor  street,  where  it  ends,  con- 
necting with  its  road  running  into  the  open  coun- 
try. The  distance  between  Bolton  and  John 
streets,  about  1,100  feet,  is  tunnel  proper;  that  is, 
it  was  carried  through  by  drifts  wholly  under 
ground.  The  other  part  of  the  tunnel  was  worked 
by  making  an  open  cut,  then  arching  the  tunnel, 
covering  it  over  and  restoring  the  grade  of  the 
street.  The  mo.-t  serious  difficulty  arose  from  the 
streets  being  built  up  with  houses  on  each  side.  To 
prevent  the  earth  from  caving  in  and  causing  the 
houses  adjacent  thereto  to  crack  and  settle,  it  was 
necessary  to  make  the  sides  of  the  cut  vertical,  and 
to  support  them  with  heavy  timber.  The  tunnel 
is  constructed  so  as  to  almost  insure  stability  and 
safety.  The  masonry  of  the  abutments  all  along 
the  tunnel  rests  on  solid  rock,  clean  sand  or  gravel, 
with  haunch  backing  stone  all  the  way  up  the 
sides  of  the  cut.  Some  springs  were  struck,  but 
as  the  tunnel  is  entirely  down  hill,  the  water  has 
simply  been  turned  and  drained  into  the  falls. 
The  arch  is  turned  with  five  rings  of  brick  and 
well  backed  with  rubble  masonry.  The  side  walls 
are  of  massive  masonry,  of  Cockeysville  marble, 
rock  faced,  but  dressed  at  beds  and  joints. 

The  cost  of  the  tunnel,  it  is  estimated,  will  be 
about  $2,000,000.  It  is  expected  the  ears  will  be 
running  through  about  June  1.  The  West.  Md. 
It.  connects  with  the  tunnel  at  Fulton  avenue. 

I^UTLENBORG  (HOLLAND)  BRIDGE.—  All  Inge- 
V.  nious  Resource-  During  the  construction  of 
the  bridge  at  Kuilenborg,  Holland,  says  the 
"  Chroniqne  de  lTndustrie,"  one  of  the  principal  tra- 
verses, some  465  ft.  in  length,  was  placed  about 
one  inch  too  far  on  the  piles.  This  error  was 
rectified  in  a  very  ingenious  manner.  The  ex- 
pansion of  the  mass  of  metal  was  exactly  .0394  in. 
per  Fahrenheit  degree.  At  the  locality  of  the 
work  the  difference  between  the  temperature  of 
the  atmosphere  by  day  and  by  night  was  25  deg. 
Fahr.  In  the  morning  the  too  far  advanced  end 
of  the  traverse  was  securely  bolted  down,  when 
during  the  day  the  heat  of  the  sun  expanded  the 
metal  so  that  the  free  extremity  advanced  .985  of 
an  inch.  Then  at  night  the  latter  end  was  fast- 
ened and  the  contraction  caused  a  like  movement 
of  the  opposite  free  extremity.  This  operation, 
twice  repeated,  brought  the  traverse  into  its  pro- 
per position. 

ORDNANCE  AND  NAVAL. 

Teak  for  Shipbuilding  Purposes. — The  al- 
most universal  adoption  of  iron  as  a  material 
for  shipbuilding,  and  more  especially  the  intro- 
duction of  armor-plating,  have  had  an  enormous 
effect  on  the  consumption  of  teak,  on  account  of 


the  peculiar  properties  which  it  possesses,  and 
which  render  it  so  suited  for  employment  in  com- 
bination with  this  metal.  Till  within  the  last  few 
years,  almost  the  whole  of  the  teak  consumed  in 
Europe  came  to  us  from  Rangoon  and  Moulmein, 
in  Burmah,  in  which  country  whole  forests  have 
been  devastated  without  much  regard  to  the  fu- 
ture, in  order  to  meet  the  ever-increasing  demand. 

The  threatened  exhaustion  of  the  Burmese  for- 
ests has  caused  consumers  to  turn  their  eyes  in. 
other  directions  for  a  supply  of  this  wood,  and  in 
a  recent  article  in  the  "Revue  Maritime,"  M.  Ber- 
nier  Fontaine,  a  naval  engineer  at  Toulon,  recom- 
mends importers  to  direct  their  attention  to  Siam, 
in  which  kingdom  and  its  dependencies  it  appears 
that  teak  exists  in  great  abundance  ;  to  such  an 
extent,  in  fact,  that  the  English  in  Burmah  are 
becoming  accustomed  to  organize  expeditions  for 
obtaining  their  supplies  of  the  wood  from  the  Si- 
amese forests.  It  is  largely  used  in  the  country 
itself,  being  employed  there  for  every  kind  of 
woodwork,  and  also  to  a  great  extent  for  ship- 
building purposes.  The  principal  forests,  M. 
Fontaine  tells  us,  are  situated  on  the  chain  of 
mountains  separating  the  basins  of  the  Saiweer 
and  Mei-Nam,  about  500  miles  from  Bangkok. 
They  are  the  property  of  the  Siamese  Government, 
and  before  anyone  can  proceed  to  fell  the  trees  in 
them,  it  is  necessary  to  obtain  a  letter  from  the 
King  of  Siam,  or  one  of  the  chief  mandarins,  to 
the  governor  of  the  province  in  which  the  forests 
are  situated.  The  latter  arranges  in  what  dis- 
tricts the  trees  shall  be  felled,  and  the  tax  to  be 
paid  for  the  privilege.  This  is,  in  general,  about 
4  rupees  a  tree,  no  matter  what  its  size,  in  addi- 
tion to  which  there  are  the"  wages  of  the  woodcut- 
ters, the  cost  of  transporting  the  trees  to  the  near- 
est watercourse,  generally  performed  by  ele- 
phants, the  forming  of  the  wood  into  rafts,  and  the 
floating  of  the  rafts  by  the  river  Mei-Nam  to 
Bangkok.  The  journey  from  Bangkok  to  the  for- 
ests is  made  in  sailing  vessels,  during  the  dry  sea- 
son (November  to  February),  and  usually  takes 
about  a  month  ;  but  owing  to  the  rapidity  of  the 
current  at  this  period  of  the  year,  the  return  voy- 
age lasts  only  six  or  eight  days. 

The  trees,  when  cut,  are  generally  from  30  ft.  to 
35  ft.  in  length  and  12  in.  to  18  in.  square.  Having 
been  lopped  and  barked  in  the  forest,  they  are 
transported  to  the  nearest  affluent  of  the  Mei-Nam, 
where  they  are  formed  into  rafts  consisting  of  sev- 
eral hundred  trees,  bound  together  by  reeds.  Ow- 
ing to  the  fact  that  these  rafts  can  only  descend 
the  river  at  the  end  of  the  wet  season,  when  the 
waters  are  at  an  abnormal  height,  two  years  gen- 
erally elapse  between  the -time  that  the  trees  are 
marked  for  felling  and  their  arrival  at  Bangkok. 
The  first  dry  season  is  devoted  to  the  choice  of  the 
trees  and  to  felling  and  trimming  them ;  the  fol- 
lowing wet  season  to  their  conveyance  to  the  dif- 
ferent watercourses,  and  the  second  dry  season  to 
the  formation  of  the  rafts.  Arrived  at  Bangkok 
they  are  squared  by  hand  by  Siamese  workmen, 
and  the  European  merchants  generally  make  their 
purchases  at  the  native  saw-mills,  though  they 
will  sometimes  buy  the  rafts  entire.  In  this  case, 
however,  the  only  guarantee  for  the  quality 
of  the  wood  is  the  character  of  the  sellers, 
who  are  not  to  be  too  much  relied  upon,  and  who 
are  exceedingly  skilful  in  concealing  the  flaws  to 
which  teak  is  especially  subject. 


183 


VAN    NOSTRAND'S   ENGINEERING   MAGAZINE. 


This  important  trade,  it  appears,  was  long  a 
monopoly  in  the  hands  of  the  Chinese,  but  of  late 
years  the  forests  have  been  visited  by  Europeans, 
some  of  whom  have  undertaken  the  felling  of 
trees  on  their  own  account.  In  both  cases,  how- 
ever, the  woodcutters  employed  are  the  native  in- 
habitants of  the  forest  districts. 

But  little  of  the  Siamese  teak  reaches  Europe, 
at  least,  by  way  of  Bangkok,  the  greater  portion 
going  to  Singapore,  Hong  Konk,  and  Bombay. 
The  wood  is  said  by  M.  Fontaine  to  be  generally 
of  very  good  quality  and  free  from  clefts  or 
"shakes."  There  are  three  varieties  -  black,  yel- 
low, and  white — supposed  to  depend  upon  the 
age  at  which  the  tree  is  felled  :  the  first  two  are 
mostly  to  be  preferred.  It  is  estimated  that  the 
wood  could  be  delivered  in  a  port  of  the  United 
Kingdom  at  about  £14  a  load,  and  would  fetch 
tbere  £15  10s. ;  but  should  the  trade  once  become 
fairly  delivered,  there  is  little  doubt  that  the  ex- 
penses of  transport,  etc.,  might  be  considerably  re- 
duced.— Iron. 

New  German  Monster  Gun. — Our  35-ton 
gun,  the  much-talked  of  Woolwich  infant, 
has  been  excelled  by  a  new  German  monster 
gun,  now  exhibiting  at  Vienna,  from  the  works 
of  Herr  Krupp.  This  new  12-in.  gun  fires  a 
solid  ball  weighing  700  lbs.  with  a  charge  of  130 
lbs.  prismatic  powder,  the  English  gun  propelling 
a  projectile  weighing  only  600  lbs.  In  the  exper- 
iments with  the  latter,  according  to  the  military 
correspondent  of  the  "Cologne  Gazette,"  the  results 
obtained  were  far  from  satisfactory ;  230  rounds 
fired  from  the  German  gun,  five  of  them  with  the 
maximum  charge,  on  the  contrary,  did  not  cause 
the  slightest  perceptible  injury  "either  to  the  bar- 
rel or  to  the  carriage.  The  barrel  of  the  gun  is 
about  22  ft.  in  length,  and  weighs  a  little  over  33 
tons .  It  has  72  parallel  grooves,  with  a  length  of 
bore  of  about  19  ft.  The  carriage  weighs  a  little 
over  19  tons,  and  the  total  weight  of  gun  and  car- 
riage reaches  therefore  nearly  53  tons.  The  steel 
shell  fired  from  this  grun  with  a  charge  of  132  lbs. 
of  powder,  weighs  a  little  over  650  lbs.  Its  initial 
velocity  amounts  to  1,590  ft.  Loading  is  effected 
by  means  of  a  crane  fixed  on  the  barrel,  and  in  a 
very  short  time.  The  projectile  ,is  calculated  to 
make  a  clean  hole  through  a  15-in.  iron  plate  at  a 
distance  of  1,000  yards. 

Besides  this  monster  gun  the  same  firm  exhibits 
at  Vienna  amass  of  cast  steel  block  weighing  105,- 
000  lbs.,  shaped  into  an  octagonal  form  by  means  of 
the  50-ton  steam  hammer,  and  intended  for  a  14- 
in.  gun  (1,100  pounder),  which  latter  will  conse- 
quently exceed  considerably  the  50-ton  gun  pro- 
jected in  England. 

ANEW  method  of  discharging  fire-arms,  dispens- 
ing with  gun  locks  and  all  similar  machinery, 
has  been  invented  by  an  American  Professor.  He 
fits  up  a  small  galvanic  battery  within  the  handle 
of  the  gun  or  pistol,  or  employs  alternatively  a 
Ley  den  jar  and  rubber  to  generate  a  current  of 
electricity,  which,  in  either  case,  passes  by  a  wire 
to  the  cartridge.  An  arrangement  is  added 
whereby,  on  pressing  a  pin  with  the  finger,  a 
spark  enters  the  cartridge  and  fires  the  powder. 
It  only  remains  for  him  to  so  far  improve  his  im- 
proved gun  as  to  propel  a  ball  without  the  cum- 
brous intervention  of  gunpowder  at  all. 


BOOR  NOTICES. 

Electricity.  By  Robt.  M.  Ferguson,  Ph.D., 
Fj  etc.  W.  &  R.  Chambers.  For  sale  by  Van 
Nostrand. 

Next  to  their  "  Chemistry"  and  "  Mathematical 
Tables,"  Dr.  Ferguson's  book  on  "  Electricity"  is 
the  best  of  that  series  of  works  by  which  the 
Messrs.  Chambers  affirmed  their  position  as  the 
greatest  practical  promoters  of  technical  education 
in  the  kingdom — and  we  know  no  higher  praise. 

The  Science  and  Art  Department  of  the  Educa- 
tion Office  rightly  enough  makes  "  electricity  and 
magnetism'  a  special  subject; and  the  educational 
interest  in  the  matter  is  shown  by  the  fact  that 
this  year  the  number  of  papers  sent  in  to  South 
Kensington  has  increased  from  4.000  last  year  to 
more  than  6,300  in  last  May.  That  department, 
according  to  its  prospectus,  makes  Dr.  Ferguson's 
work  the  sole  text-book  for  examinations ;  and  this 
fact  is  somewhat  decisive  as  to  the  merits  of  his 
"  Electricity." 

The  author  enjovs  peculiar  facilities  for  writing 
such  a  volume.  His  education  in  Germany,  and 
his  intimate  acquaintance  with  Continental  scien- 
tific literature,  specially  fit  him  for  giving  us — as 
he  has  done — a  clear  view  of  the  most  recent  theo- 
ries and  experiments  which  have  established  them- 
selves in  connection  with  this  particular  depart- 
ment of  science.  Another  advantage  possessed  by 
the  author  is,  that  he  has  for  many  years  occupied 
one  of  the  most  distinguished  positions  as  a  teach- 
er of  science  in  Edinburgh. 

The  result  is  a  perfect  manual  of  practical  and 
theoretical  science,  so  far  as  any  book  can  be  so, 
which  aims  at  only  being  introductory  to  the  ma- 
thematical study  of  the  laws  of  electricity  and 
magnetism. 

The  Elements  of  Euclid:  with  many  Ad- 
ditional Propositions  and  Explanato- 
ry Notes  :  To  which  is  prefixed  an  Intro- 
ductory Essay  on  Logic.  By  Henry  Law,  C. 
E.     London,  1873.     For  sale  by  Van  Nostrand. 

Mr.  Henry  Law's  version  of  "  Euclid"  forms  one 
of  the  excellent  educational  works  known  as 
Weale's  Rudimentary  Series.  Many  attempts — 
rendered  necessary  by  the  natural  stupidity  of 
the  human  race — have  been  made  to  produce  a 
"  royal  road  to  mathematics,"  or  "  Euclid  made 
Easy."  Mr.  Law  has  struggled  manfully  with 
the  difficulties  that  hedge  in  the  subject  which 
of  all  others  imposes  upon  the  student  the  often- 
talked-of  but  rarelv  performed  operation  known 
as  "  thinking."  To  the  learner  who  will  really 
and  honestly  do  his  best  to  "  think  out"  and  un- 
derstand the  subject  that  he  is  studying,  no  more 
delightful  author  than  Euclid  ever  existed.  But 
unhappily  beings  exist  so  singularly  constituted 
that  they  are  driven  to  learn  the  propositions  of 
Euclid  by  rote,  and  the  difficulty  is  how  to  deal 
with  these  peculiar  creatures,  who  make  mere 
memory  perform  the  functions  of  reason.  So  far 
as  explanation  and  illustration  can  be  pushed,  Mr. 
Law  has  done  his  best  to  smooth  the  road  beset 
by  torturing  angles.  In  the  second  book  we  find 
that,  in  accordance  with  prevailing  custom,  al- 
gebraic demonstrations  are  appended  to  the  pure- 
ly geometrical  solutions  of  the  Greek  mathemati- 
cian. If  the  object  be  mainly  to  simplify  the  sub- 
ject, we  see  no  reason  why,  in  many  of  the  pro- 
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positions — simple  arithmetic  should  not  he  call- 
ed in  to  aid  the  teacher.  We  have  tried  this 
plan  on  pupils  of  peculiar  density,  -with  very 
fair  success.  A  little  care  in  the  selection  of 
the  figures  -will  "bring  out  the  result  clearly 
enough.  Of  the  advantage  of  the  introductory 
essay  on  Logic,  we  venture  to  entertain  some 
doubts,  and  question  much  whether  the  student 
•who  fails  to  apprehend  the  clearness  of  a  geo- 
metrical demonstration  will  he  materially  assist- 
ed by  a  dissertation  on  the  syllogism.  A  classi- 
fied index  is  an  excellent  addition  to  "  Euclid's 
Elements,"  and  the  extreme  cheapness  of  the 
"  Rudimentary  Series '  cannot  fail  to  recom- 
mend it  to  the  public. 

treatise  on  the  strength  of  bridges  and 
Roofs,  with  Practical  Examples  for 
the  Use  of  Engineers  and  Students.  By 
Samuel  H.  Shreve,  A.  M.,  C.  E.  1  volume, 
8vo.,  34G  pages.  New  York,  published  by  D.  Van 
Nostrand. 

Mr.  Shreve  has  produced  a  book  which  is,  per- 
haps, more  satisfactory  to  the  majority  of  practical 
engineers  than  any  previous  work  upon  the  strains 
of  framed  structures.  He  begins  with  the  sim- 
plest principles  of  the  subject,  and  by  an  inductive 
course  of  algebraic  reasoning  carries  the  reader 
through  most  of  the  different  forms  of  built  beams, 
giving  the  methods  of  computing  the  strains  upon 
the  several  members,  with  examples  worked  out 
for  illustration  There  is  nothing  in  the  whole 
work  but  can  he  readily  understood  by  the  ordi- 
nary professional  reader,  and  nothing  is  taken  for 
granted  except  the  ordinary  elementary  principles 
of  mechanics. 

He  has  adopted  an  almost  entirely  original  meth- 
od of  treating  the  subject,  which  possesses  the 
great  merit  of  being  applicable  to  all  forms  of 
trusses.  He  is,  indeed,  the  only  writer  who  has 
pursued  the  same  systematic  course  of  reasoning 
through  all  the  different  forms  of  trusses  of  which 
he  treats.  Rankine's  method  of  sections,  it  is  true, 
is  applicable  to  every  form  of  framing;  but  as 
given  by  the  author  and  applied  by  Unwin  and 
others  it  is  somewhat  complex  and  unintelligible, 
and  is  rarely  understood  by  practical  engineers, 
who  have  no  time  to  waste  in  trying  to  study  out 
what  an  author  means.  At  the  present  day,  in 
order  to  make  a  book  valuable  it  must  be  inductive 
in  its  reasoning  and  as  simple  and  concise  in  its 
mathematics  as  the  subject  will  admit  of.  Very 
beautiful  demonstrations  in  the  higher  mathe- 
matics are  oftentimes  wasted,  because  those  who 
can  comprehend  them  are  generally  too  much 
occupied  to  devote  themselves  to  such  reading.  It 
also  very  often  happens  that  the  most  elaborate 
trains  of  reasoning  by  the  calculus  and.  higher 
mathematics  are  made  upon  insufficient  premises 
and  erroneous  assumptions,  which  lead  to  inaccu- 
rate results  not  readily  perceptible  to  the  general 
reader. 

This  is  particularly  the  case  with  those  authors 
who  reason  analytically  upon  the  strains  to  which 
a  beam  is  subjected  when  loaded,  and  deduce 
therefrom  curves  of  strains  representing  the  forces 
acting  upon  the  different  members  of  a  truss. 

The  method  adopted  by  Mr.  Shreve  of  regarding 
the  strains  upon  the  several  members  of  a  truss  as 
a  mechanical  problem  in  which  the  actual  existing 
forces  under  certain  conditions  are  to  be  consider- 


ed, is  undoubtedly  the  best.  It  is  the  one  gener- 
ally preferred  by  English  and  American  engineers, 
and  is  theoretically  the  most  correct. 

Not  the  least  of  the  advantages  of  Mr.  Shreve's 
book  is  the  admirable  manner  in  which  his  mean- 
ing is  expressed,  and  the  simple  nomenclature 
adopted.  He  is  always  so  clear  as  never  to  leave 
the  reader  in  doubt,  and  avoids  the  use  of  such 
meaningless  terms  as  "  shearing  strain"  or  "shear- 
ing force,"  for  the  diagonally  transmitted  force 
along  the  truss,  which  has  become  so  common 
among  English  writers.  That  it  is  not  a  shearing 
force  is  very  easily  shown. 

On  the  whole,  Mr.  Shreve  has  produced  a  book 
which  is  the  simplest,  clearest,  and  at  the  same  time 
the  most  systematic  and  with  the  best  mathemati- 
cal reasoning  of  any  work  upon  the  same  subject 
in  the  language. 

Among  the  refinements  of  the  subject  introduced 
by  Mr.  Shreve  is  the  consideration  of  the  counter- 
strain  produced  by  the  partial  loading  of  the  next 
panel  whenever  one  panel  becomes  fully  loaded  by 
a  progressive  load.  Although  this  and  likewise 
the  stiffness  of  the  cords  and  rigidity  of  the  joints 
of  a  truss  have  the  effect  to  diminish  the  maximum 
computed  strain  upon  any  one  brace  from  a  roll- 
ing load,  they  will  rarely  be  taken  into  considera- 
tion by  the  practical  designer  of  bridges;  as  the 
differences  are  on  the  safe  side,  are  somewhat  in- 
determinate, and  are  generally  within  the  differ- 
ence of  opinion  regarding  the  value  of  the  factor 
of  safety  and  the  probable  strength  of  the  materi- 
als used.  It  is  well,  however,  in  an  elementary 
work  to  discuss  all  of  the  above-named  points,  and 
ascertain  their  ordinary  effects  upon  the  strength 
of  the  structure. 

It  is  to  be  sincerely  hoped  that  Mr.  Shreve  will 
give  us  another  volume  treating  upon  the  forms  of 
framing  which  he  has  omitted,  and  the  practical 
considerations  which  should  govern  the  propor- 
tions and  construction  of  bridges  and  roofs — such 
as  the  best  systems  of  riveting  and  joining  plates, 
the  best  form  and  proportions  for  links  and  pins, 
and,  in  fact,  all  such  details  as  are  usually  acquir- 
ed by  practice  and  experience  in  the  engineering 
profession. — Railroad  Uuzette. 

GEOLOGICAL  SURVEY  OF  CANADA.  REPORT 
of  Progress.  By  Alfred  R.  C.  Sel- 
wyn,  F.  G.  S.,  Director.  Montreal:  Dawson 
Brothers. 

An  important  addition  to  our  knowledge  of  the 
geology  of  the  continent  is  afforded  by  the  present 
report. 

The  separate  reports  which  form  the  present 
volume  are  :  The  report  on  British  Columbia — 
On  the  Coal  Eields  of  Vancouver  Island — on  the 
country  between  Lake  Superior  and  the  Albany 
River — On  the  country  between  Lake  St.  John 
and  Lake  Mistassini — On  the  counties  of  Leeds, 
Frontenac  and  Lanark,  and  on  the  gold  of  Mar- 
mora— On  investigations  in  New  Brunswick  and 
on  Mining  and  Mineral  statistics. 

The  Geology  of   the    Stars.    By  Prof.   A. 
"Winchell.     Boston:  Estes  &   L.auriat.  For 
sale  by  Van  Nostrand. 

This  little  essay  forms  No.  7  of  "Half  Hour 
Recreations  in  Science."  The  author  is  well 
known  to  the  scientific  world,  and  his  name  is  a 
sufficient  guaranty   that  the  speculations   in  re- 
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gard  to  the  structure  of  far-off  worlds  are  at  least 
rational  when  viewed  in  the  light  of  recent  dis- 
coveries. The  young  reader  may  feel  assured 
that  he  is  in  safe  hands.  No  pleasanter  way  of 
summing  up  for  the  general  reader  the  late  astro- 
nomical discoveries  could  be  devised,  than  by 
showing  the  bearing  of  such  advanced  knowledge 
on  the  theories  which  are  constructed  and  render- 
ed tenable  by  these  discoveries ;  and  no  one  of  our 
scientists  is  so  capable  of  thus  presenting  modern 
science  as  Prof.  Winchell. 

Sanitary  Engineering.  A  Guide  to  the  Con- 
struction of  Works  of  Sewerage  and  House 
Drainage.  By  Baldwin  Latham,  C.  E.  London. 
For  sale  by  Van  Nostrand. 

The  title  of  this  book  sufficiently  explains  the 
author's  plan  and  what  it  properly  includes.  It 
is  sufficient  therefore  to  say  that  the  book  seems 
complete  in  all  respects. 

Engineers  have  heretofore  in  designing  such 
works  relied  chiefly  upon  the  plans  and  formulas 
collated  for  brief  reports  of  works  yet  in  progress, 
and  while  some  of  the  methods  were  to  a  certain 
extent  yet  untried,  a  book  setting  forth  successful 
plans  has  long  been  a  desirable  addition  to  techni- 
cal literature.  The  present  work  seems  all  that 
could  be  asked  for.  The  illustrations  are  excel- 
lent and  very  numerous. 

A  Compendious  Manual  of  Qualitative 
Chemical  Analysis.  By  Chakles  W. 
Eliot  and  Frank  H.  Storer.  Revised  with 
the  co-operation  of  the  authors.  By  Wm.  Ripley 
Nichols,  Professor  of  General  Chemistry  in 
the  Massachusetts  Institute  of  Technology.  New 
York  :  D.  Van  Nostrand. 

The  simplicity  and  efficiency  of  the  system  of 
qualitative  analysis  so  carefully  described  by  Frese- 
nius,  has  led  to  his  manual  being  made  the  basis 
of  all  the  best  text-books  on  the  subject  which 
have  since  been  published,  and  it  would  be  diffi- 
cult to  say  anything  in  higher  commendation  of  a 
work  of  this  class  than  that  in  it  Eresenius  is 
closely  followed,  whilst  the  instruction  is  given  in 
language  readily  intelligible  to  the  English 
student.  "With  the  advantage  of- a  good  memory, 
and  a  thoroughly  competent  teacher,  the  bare 
tables  we  wei*e  accustomed  to  some  seventy  years 
ago,  as  "  Giessen  Outlines  of  Analysis,"  would 
probably  be  ample,  but  it  is  indisputable  that 
there  are  many  students  who,  unless  the  text- 
book run  very  closely  to  the  explanations  given 
by  the  Professor,  make  comparatively  little  pro- 
gress; and  that  facility  to  refresh  one's  memory  as 
to  the  statements  heard  in  the  lecture-room  is 
advantageous  to  all.  The  compendium  of  Messrs. 
Eliot  and  Storer,  the  new  edition  of  which,  by 
Prof.  Wm.  Ripley  Nichols,  is  designed  to  form 
an  introduction  to  text-books  of  this  class,  is 
certainly  one  of  the  most  lucidly  arranged  that 
has  been  issued.  Being  intended  more  especially 
for  the  general  student,  reference  to  comparative- 
ly unknown  substances — elements  which  occur  so 
rarely,  and  even  then  in  such  minute  quantities 
that  unless  for  purely  scientific  investigation  they 
would  be  neglected  by  the  professional  analyst — 
is  very  properly  omitted,  for  sucn  omissions  do  not 
lessen  the  value  of  the  work,  and,  at  the  same 
time,  permit  of  its  being  much  simplified. 


In  the  volume  under  consideration  there  is 
given  so  complete  an  outline  of  inorganic  analysis 
that  few  except  professional  chemists  will  require 
to  know  more  than  can  be  taught  with  the  com- 
pendium alone  as  a  text-book,  whilst  to  the  student 
proposing  to  devote  himself  chiefly  to  chemistry 
it  will  prove  a  very  valuable  collection  of  facts 
necessary  to  be  remembered,  and  around  which 
the  more  minute  details  can  be  readily  grouped 
without  needlessly  overburdening  the  memory. 
It  is,  of  course,  assumed  that  the  student  will 
have  already  some  knowledge  of  general  chemistry 
when  he  commences  the  study  of  qualitative  anal- 
ysis, and  the  first  chapter  is,  therefore,  appro- 
priated to  an  example  of  the  separation  of  two 
elements  and  to  the  explanation  of  the  principle 
upon  which  the  twenty-four  metallic  elements 
most  commonly  met  with  are  divided  into  seven 
classes.  A  separate  chapter  is  then  devoted  to 
each  class,  so  that  the  chlorides  insoluble  in  water 
and  acids  i  lead,  silver,  mercury )  stand  alone ;  then 
come  in  succession  the  sulphides  insoluble  in 
water,  dilute  acids,  and  alkalies;  the  sulphides 
which  differ  from  these  in  being  soluble  in  alka- 
line solutions  ;  the  hydrates  insoluble  in  water, 
ammonia  water,  and  solutions  of  ammonium  salts ; 
the  sulphides  insoluble  in  water,  and  in  saline  or 
alkaline  solutions;  the  carbonates  insoluble  in 
water,  ammonia  water,  and  saline  solutions  ;  and 
the  three  metallic  elements  (magnesium,  sodium, 
and  potassium)  which  remain  in  solution  after  the 
application  of  all  these  tests.  These  are  followed 
by  others  on  the  general  and  special  tests  respec- 
tively for  the  non-metallic  elements.  The  sound 
part  of  the  volume,  divided  into  three  chapters, 
describes  the  treatment  of  substances  of  unknown 
composition  ;  whilst,  by  way  of  appendix,  there  is 
a  careful  statement  of  the  re-agents  and  apparatus 
used  in  the  course. 

Erom  what  has  already  been  said,  it  will  be  un- 
derstood that  in  books  of  this  description  the  su- 
periority or  otherwise  must  be  judged  of  by  look- 
ing at  details,  and  in  these  the  compendium  has 
much  to  recommend  it,  as  an  example  of  which  is 
the  hint  with  reference  to  the  labelling  of  solu- 
tions put  aside  for  subsequent  treatment.  When 
a  filtrate  has  been  obtained  the  direction  is  given 
"  Label  this  filtrate,"  etc.,  and  to  this  the  invalua- 
ble note  is  appended,  that  the  student  should  at 
once  make  it  a  rule  to  label  every  filtrate  or  pre- 
cipitate which  he  has  occasion  to  set  aside  even  for 
a  few  moments.  A  bit  of  paper  large  enough  to 
carry  a  descriptive  symbol  or  abbreviation  should 
be  attached  to  the  vessel  which  contains  the  liquid 
or  precipitate.  Paper  gummed  on  the  back,  or  the 
small  labels  which  are  sold  already  gummed,  are 
convenient  for  this  use.  This  habit  once  acquired 
will  enable  the  student  to  carry  on  simultaneously 
without  error  or  confusion  several  operations.  He 
may  be  throwing  down  one  precipitate,  washing 
another,  filtering  a  third,  and  dissolving  a  fourth 
at  the  same  time,  and  the  four  processes  may  be- 
long to  as  many  different  stages  of  the  analysis . 
There  will  be  no  danger  of  error  if  labels  are 
faithfully  used,  and  a  great  deal  of  time  will  be 
saved.  The  unaided  memory  is  incapable  of  do- 
ing such  work  with  that  full  certainty  admitting 
of  no  suspicion  or  after  qualms  of  doubt,  which  is 
alone  satisfying,  or  indeed  admissible,  in  scientific 
research.  Hints  of  this  character  occur  in  various 
parts  of  the  book ;  and  the   tabular  views  of  the 
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determinative  tests  (of  the  character  of  those  used 
in  Normandy's  large  works  \  will  ad  i  to  the  facility 
with  which  the  book  can  be  used. 

The  fact  of  the  volume  having  already  passed 
through  several  large  editions  is  of  itself  a  guaran- 
tee that  it  is  not  wanting  in  utility  or  in  reliabil- 
ity, and  although  the  information  given  is  neces- 
sarily similar  to  that  met  with  in  other  works  of 
the  kind,  the  manner  in  which  it  is  given  is  well 
calculated  to  impress  the  facts  which  have  to  be 
remembered  upon  the  attention  of  the  learner, 
whilst  the  limits  and  suggestions,  which  are  so 
complete  as  to  extend  even  to  the  explanation  of 
the  best  methods  of  removing  a  bottle-stopper, 
cleaning  a  mortar,  and  so  on,  cannot  fail  to  make 
the  student  who  has  the  book  for  his  guide  a  clean 
and  ready  manipulator,  and  one  that  can  at  all 
times  rely  upon  results  which  will  be  creditable  to 
himself  and  satisfactory  to  those  for  whom  the 
analysis  is  made. — London  Mining  Journal. 


MISCELLANEOUS. 


THE  MORTAR  OF  THE  GREAT  PYRAMID. — At 
the  last  meeting  of  the  Chemical  Section  of 
the  Philosophical  Society  of  Glasgow,  the  Presi- 
dent, Dr.  Wallace,  F.  R.  S.  E.,  read  a  paper  in 
which  he  gave  a  number  of  interesting  details  re- 
garding the  mortar  employed  in  building  the 
Great  Pyramid,  and  incidentally  referred  to  the 
composition  of  some  mortars  that  he  analyzed 
a  few  years  ago,  including  two  from  the  interior 
and  exterior  of  the  Great  Pyramid,  two  speci- 
mens of  very  ancient  Phoenician  mortar  from  the 
Island  of  Cyprus,  two  from  ruins  at  Athens,  and 
from  Rome  and  other  places  in  Italy.  It  was  most 
interesting  to  observe  the  remarkable  differences 
between  the  mortars  of  the  various  aucient  peo- 
ples. By  going  to  Baalbec  and  other  ruined  cit- 
ies of  Turkey  in  Asia,  buildings  might  be  found 
constructed  of  immense  blocks  of  stone  jointed 
with  such  excessive  nicety  that  even  the  blade  of 
a  penknife  could  not  be  pushed  between  them, 
but  without  a  vestige  of  mortar.  In  the  struc- 
tures of  the  ancient  Egyptians,  on  the  other  hand, 
taking  the  Great  Pyramid  as.  an  example,  mortar 
was  freftly  employed,  but  consisting  almost  entire- 
ly of  gypsum  or  sulphate  of  lims.  A  specimen 
was  examined  from  an  ancient  Phoenician  tem- 
ple, the  highest  stone  of  which  was,  a  few  years 
ago,  5  ft.  below  the  level  of  the  ground  at  the 
time  the  specimen  was  taken.  It  was  something 
like  that  found  in  some  of  the  baronial  castles  in 
this  country,  and  was  like  a  piece  of  solid  rock. 
The  gentleman  who  brought  it  home  supposed  it  to 
be  the  very  oldest  mortar  in  existence.  If  it  were, 
so,  Dr.  Wallace  said  that  it  was  most  remarkable, 
inasmuch  as  it  was  as  perfect  in  constitution  as  it 
could  possibly  be,  having  been  made,  evidently,  of 
burnt  lime,  fine  sand,  coarse  sand,  and  gravel.  It 
might  be  called  concrete,  rather  than  mortar.  At 
any  rate,  one  thing  was  certain — namely,  that  the 
lime  in  it  had  become  completely  carbonated ;  and 
another  specimen  of  the  same  age  exhibited  the 
same  phenomenon,  thus  satisfactorily  settling  a 
point  which  was  long  in  dispute. 

The  ancient  Greek  mortars  from  ruins  in  the 
vicinity  of  Athens  were  also  very  perfect,  but  con- 
tained more  lime  than  that  from  Cyprus,  and  no 


gravel.  The  mortars  from  various  ruined  build- 
ings in  Herculaneum,  Rome  and  its  neighborhood, 
appeared  to  have  been  made  from  burnt  lime  and 
puzzuolana,  or  what  is  called  by  geologists  vol- 
canic ash.  Dr.  Wallace  stated  that  he  had  had 
some  correspondence  with  Professor  Piazzi  Smyth 
regarding  the  mortar  of  the  Great  Pyramid,  some 
portion  of  which  he  read,  and  he  gave  the  follow- 
ing analysis  of  a  specimen  which  he  had  recently 
examined : 

Hydrated  sulphate  of  lime 92 .  83 

Carbonate  of  lime 4.63 

Carbonate  of  magnesia 1  66 

Alumina  and  traces  of  oxide  of  iron. . .         .24 

Silicon 88 

Water  (hygroscopic) 07 

100.31 

The  following  are  analyses  of  two  specimens 
examined  a  few  years  ago  : 

Hydrated  sulphate  of  lime . .  81 .  50  . .  82 .  89 

Carbonate  of  lime 9.47   ..  9  80 

Carbonate  of  magnesia .  59   .  .79 

Oxide  of  iron 25..  .21 

Alumina 2  41   . .  3  00 

Silica 5.30  ..  4.30 

Water  (hygroscopic) 

99.52  ..  100.99 

In  reply  to  a  question,  Dr.  Wallace  stated  that 
he  believed  the  sulphate  of  lime,  whieh  is  abun- 
dant near  the  Pyramids,  had  been  partly  calcined 
to  drive  off  the  water  of  hydration  in  the  mineral 
before  being  used  in  making  the  mortar.  There 
was  very  little  cohesiveness  in  the  samples  ex- 
hibited. 

QUARRIES  OF  Sistiana.— The  stone  used  in  the 
construction  of  the  harbor  of  Trieste  is  ob- 
tained from  the  quarries  of  Sistiana,  near  that 
port.  A  million  cubic  metres  of  stone  are  required 
in  five  and  a  half  years,  and  for  such  colossal  blast- 
ings powder  chambers  are  cut  in  the  rock,  which 
may  be  distant  from  its  face  one-half  to  two-thirds 
of  the  distance  or  depth  from  the  upper  surface, 
and  which  are  large  enough  to  contain  one-third 
to  one-half  as  many  kilogrammes  of  powder  as  the 
quantity  of  rock  to  be  blasted  contains  cubic  me- 
tres ;  800  kilog.  of  powder  are  considered  necessary 
for  one  cubic  metre  of  bulk.  But  in  order  to  form 
such  a  chamber  a  shaft  has  to  be  driven  near  the 
point  where  it  is  to  be  formed ;  and  thence,  a  shaft 
two  metres  long  is  sunk  downwards,  and  the  pow- 
der chamber  formed  at  its  lowest  point.  In  this 
manner  forty-six  large  mines,  with  charges  of 
from  2,000  to  30,000  kilog.,  have  been  blasted  in 
the  quarries  of  Sistiana  from  the  beginning  of 
1868.  The  average  result  was  2.02  cubic  metres 
of  useful  material  for  every  kilogramme  of  powder. 
It  must,  however,  be  noticed  that  the  rock,  a  gray- 
ish white  limestone,  frequently  and  unexpectedly 
reveals  great  cavities,  which  greatly  lessen  the 
effect,  and  that  considerable  quantities  of  powder 
are  requisite  for  reducing  large  masses  of  rock, 
when  the  principal  mine  was  not  sufficiently 
charged.  For  reducing  large  blocks,  holes  were 
bored  by  caustic  holding  as  much  as  800  kilog. 
For  such  blastings  a  hole  is  made  in  the  usual  way, 
with  stone-borers  3  to  6  ce&tim.  wide,  and  4  to  10 
metres  long ;    oil  of  vitriol  is  then  continuously 
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introduced  by  means  of  hemp  descending  to  the 
bottom  of  the  hole,  whereby  the  stone  is  dissolved. 
The  hemp  is  in*a  small  tube,  which  is  enclosed  in 
a  larger  one,  through  which  the  oarbonic  acid 
formed  at  the  bottom  of  the  hole  flows  back  into 
the  vessel  whence  the  sulphuric  acid  descends.  It 
is  calculated  that  1 00  kiiog.  of  hydrochloric  acid 
of  1.2  specific  gravity  and  40  per  cent,  of  hydro- 
chloric acid,  in  18  hours  make  a  hole  large  enough 
for  from  10  to  12  kilogrammes  of  powder. 

Safety  Valve  Areas. — The  Board  of  Trade 
rule  for  area  of  safety  valves  allows  one-half 
square  inch  for  each  square  loot  of  grate  surface 
with  natural  draught.  The  French  law  requires 
^.5 


of  A  = 


where  A  =  area  in  square 


P  -f  8.02, 

inches  per  square  foot  of  grate,  and  P  =  the  pres- 
sure as  indicated  by  steam  gauge.  This  is  also 
adopted  and  recommended  by  the  Committee  of 
the  .Franklin  Institute.  The  United  States  regu- 
lations, as  appiied  to  steam  vessels,  require  twenty 
square  inches  area  for  each  500  sq.  ft.  of  effective 

heating  surface,  or  A  =  — r — -  . 

AN  English  exchange  publishes  an  account  of  a 
new  artificial  stone,  now  generally  used  in  the 
Rhine  country.  The  principal  material  for  them 
is  natural  and  artificial  pumice-stone,  viz.,  granu- 
lated blast  furnace  slags,  mixed  with  ordinary 
slacked  lime  or  hydraulic  cement.  The  natural 
pumice-stone  is  the  last  product  of  the  now  extinct 
volcanoes  of  the  Rhine  in  the  environs  of  Coblenz, 
where  enormous  deposits  of  volcanic  ashes  are 
found  a  few  feet  below  the  surface,  covering  an 
elliptic  area  of  about  80  English  miles  long  and  20 
miles  wide.  This  bed  of  pumice  stretches  from 
Mayen  to  Westerburg,  in  Nassau  ;  and  from  Bop- 
pard  to  Brohl  it  is  intersected  by  the  Rhine ;  it  is 
known  by  the  local  name  "  Enger-sandstone,*'  and 
is  composed  of  thin  horizontal  stratifications  of 
small  pieces  of  pumice,  varying  in  aggregate 
thickness  from  2  ft.  or  3  ft.,  to  %0  ft.  and  30~ft.  ; 
it  is  thickest  in  the  basin  of  Neuwied,  around 
the  town  of  that  name.  In  the  iron  district  of 
Siegen,  where  the  natural  pumice  is  not  found, 
granulated  blast  furnace  slag  or  cinder  is  used 
instead.  Here  an  uninterrupted  stream  of  slag 
is  run  in  a  rapidly  flowing  stream  of  cold  water, 
which  carries  the  spongy  bits  of  floating  slag 
into  a  settling  pit,  whence  they  are  shovelled  out 
ready  for  use .  The  granulating  of  blast  furnace 
cinder  has  of  late  become  a  very  profitable  under- 
taking, as  it  rids  the  works  at  once  from  a  cum- 
brous burden  and  provides  a  considerable  income 
besides.  The  manufacture  of  artificial  stone  from 
both  materials,  pumice  and  granulated  slag,  is  the 
same,  and  very  simple.  Over  a  heap  containing  6 
to  8  cubic  ft.  of  stuff,  thin  slacked  lime  is  thrown 
with  a  shovel  and  mixed  with  it,  until,  pressed  in 
the  hand,  it  sticks  loosely  together.  It  is  then 
filled  in  a  cast  iron  mould  of  the  size  of  the  brick, 
which  is  open  at  top  and  bottom,  andrestson  a  table 
upon  a  piece  of  a  thin  deal  board.  By  means  of 
a  kind  of  ladle  and  a  flat  hammer  the  mixture  is 
rammed  hard,  until  the  mould  is  evenly  filled ; 
the  moulder  then  lays  a  rectangular  piece  of  sheet 
iron  which  is  a  little  smaller  than  the  brick,  upon 
it,  and  by  pressing  both  thumbs  downwards  at  the 


same  time,  he  disengages  the  brick,  which  remains 
upon  the  deal  board,  and  is  deposited  with  it  upon 
a  drying  shelf.  The  mass,  at  first,  but  little 
coherent,  becomes,  after  a  fortnight,  exceedingly 
hard,  and  will  stand  a  considerable  load  before 
breaking  np.  Instead  of  common  lime,  hydraulic 
cement  is  used  in  exactly  the  same  way,  with  the 
advange,  however,  that  the  bricks  are  ready  for 
use  almost  immediately  after  their  manufacture. 
For  making  pipes,  chimney-pipes,  troughs,  and 
other  objects,  hydraulic  cement  is  used  exclusively, 
as  it  hardens  much  quicker,  and  gives  a  greater 
resistance  to  them.  An  exellent  natural  cement, 
the  so-called  "  Trass,"  a  kind  of  volcano  tufa,  is 
found  at  Brohl,  close  to  the  deposit  of  pumice,  and 
is  largely  employed  in  the  manufacture,  as  well 
as  Rhenish  Portland  cement. 

The  London  Society  of  Engineers  have  been 
investigating  the  merits  of  another  kind  of  artifi- 
cial stone,  composed  of  sand,  boulders  and  chemi- 
cals. The  sand  is  dried  by  the  application  of  heat 
to  a  piston  or  shaft,  through  which  the  sand 
percolates  at  the  rate  of  one  ton  per  hour ;  this 
drying  of  the  sand  at  starting  being  necessary,  in 
order  to  ascertain  exactly  the  amount  of  effective 
force  of  the  mixture  employed.  The  boulders  are 
obtained  from  the  sea-beach  and  plunged  into 
huge  boilers,  or  digesters,  filled  with  a  solution 
of  caustic  soda,  which,  operated  on  by  heat,  gradu- 
ally reduce  the  hard  stones  to  a  liquor  resembling 
in  consistency  and  color  stationer's  gum.  It  is 
said  to  contain  66  per  cent,  of  silicate  and  33  per 
cent,  of  soda.  To  get  rid  of  the  soluble  properties 
of  this  liquid,  and  at  the  same  time  retain  its 
cohesive  properties,  it  is  compounded  with  chlo- 
ride of  calcium,  and  being  thus  made  cohesive  and 
insoluble,  it  is  poured  into  a  mixing  mill,  along 
with  sand,  and  presently  sparkles  with  crystals. 
Tranferred  to  moulds,  it  is  made  to  assume  any 
pattern  or  form  desired,  and  is  then  carefully 
placed  in  a  bath,where  its  becoming  hard  is  a 
question  of  only  a  few  moments,  and  the  results 
entirely  of  chemical  affinity.  The  hardness  of  the 
composition  was  shown  by  the  application  of  a 
hammer  to  a  four-inch  cube,  which  had  been  ex- 
posed to  the  atmosphere  for  three  months,  and 
which  stood  a  pressure  of  63  tons  before  it  broke. 

Upper  Mississippi  Improvements.— The  "  Gate 
City"  says  that  Maj.  F.  "W.  Farquhar  has 
in  charge  the  work  in  Minnesota  river  ;  survey  of 
Red  river  from  Morehead  to  Pembina;  preserva- 
tion of  the  Falls  of  St.  Anthony  ;  survey  of  the 
Galena  river  1 2  miles ;  work  at  Duluth  harbor 
and  the  Meeker's  Island  lock  and  dam  ;  the  terri- 
tory having  recently  been  made  a  new  district. 
Col.  Macomb  has  still  charge  of  the  Des  Moines 
Rapids  at  Keokuk,  Rock  Island  Rapids,  and  the 
Illinois  river  improvement.  Major  Amos  Stickney 
has  local  charge  of  the  improvement  at  EL.,  and  is 
a  most  efficient  officer. 

Railway  Brakes  in  Belgium. — Two  of  the 
Belgian  Railway  Companies  hnvp  placed  ex- 
perimental trains  at  the  disposal  of  inventors  of 
brakes,  which  are  considered  to  present  advan- 
tages. The  Great  Central  Belgian  is  about  to  try 
the  well-known  and  widely-tried  "Westinghouse 
air-brake,  and  the  Great  Luxemburg  Railway  -will, 
we  believe,  follow  their  example. 
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ROTARY  GUN  CARRIAGE  AND  TRANSIT  PLATFORM  APPLIED  TO 
THE  SPANISH  WAR  VESSEL  CHICAMAUGA. 


Designed  by  CAPTAIN  ERICSSON. 


From  "Army  and  Navy  Journal." 


The  accompanying  illustration  represents 
a  new  system  of  transferring  the  battery 
from  side  to  side  without  resorting  to  the 
complicated  method  of  pivoting,  practised  in 
our  vessels  of  war.  In  addition  to  the  ad- 
vantage of  rapidly  transferring  the  guns 
from  side  to  side,  an  all-round  fire  is  also 
secured  by  this  new  system,  as  will  be  seen 
by  the  following  description : 

The  readers  of  the  "Journal"  will  re- 
member that  our  account  of  the  famous 
thirty  Spanish  gunboats  (see  Vol.  VII.,  Xos. 
14  and  36;,  contained  detailed  plans  of  a 
rotary  gun  carriage,  designed  by  Captain 
Ericsson,  turning  on  a  circular  ring  applied 
near  the  bow,  the  guns,  as  in  the  present 
case,  firing  en  barbette.  This  plan  of  rota- 
ting the  slide  round  a  central  pivot  having 
proved  successful  on  board  of  the  gunboats 
referred  to,  the  Spanish  Government  has 
recently  procured  an  additional  number  of 
similar  slides  and  carriages ;  while  the  new 
system  of  fighting  either  side  of  the  vessel 
with  a  single  battery,  has  been  adopted  on 
board  of  the  Chicamauya.  This  system 
we  now  proceed  to  describe : 

The  leading  features  of  the  device  is  that 
of  placing  the  gun  carriage  and  its  rotary 
slide  on  a  circular  platform  supported  on 
four  cylindrical  rollers  (partially  shown  at 
//')  provided  with  flanges  like  the  wheels 
of  railway  carriages.  These  rollers,  the 
axles  of  which  turn  in  appropriate  bearings 
Vol.  IX— Ko.  3—13 


under  the  platform,  move  on  two  flat  paral- 
lel bronze  rails  I  and  m,  secured  to  the  deck 
at  right  angles  to  the  line  of  keel.  One  of 
these  rails,  m,  is  provided  with  cogs  on  the 
outside,  thus  forming  a  toothed  rack.  A 
small  horizontal  cogwheel  under  the  plat- 
form, is  geared  into  the  said  rack  and  actu- 
ated by  a  set  of  cogwheels  arranged  as  in 
ordinary  lifting  jacks.  The  gear  is  put  in 
motion  by  a  vertical  spindle  having  a  hand- 
wheel  attached  to  its  upper  end,  the  lower 
end  being  made  to  fit  a  square  socket  n, 
formed  in  the  axle  of  the  actuating  pinion 
ef  the  gear.  It  is  hardly  necessary  to  ob- 
serve that  after  having  transferred  the  plat- 
form to  the  desired  position,  the  vertical 
spindle  should  be  li  'ted  out  of  its  socket  aid 
removed,  in  order  not  to  interfere  with  the 
free  rotation  of  the  slide.  It  may  be  men- 
tioned that  in  addition  to  the  gear  referred 
to,  suitable  eyebolts  are  applied  to  admit 
of  employing  ordinary  tackle  in  transferring 
the  platform  from  side  to  side.  Having 
been  rolled  into  position  on  the  fighting 
side  of  the  vessel,  say  starboard,  the  plat- 
form must  of  course  be  secured  by  two  fight- 
ing bolts.  On  of  these  is  seen  at  Jc,  the 
second  of  the  pair  being  concealed  by  the 
slide.  On  rolling  the  platform  to  port,  after 
having  removed  the  fighting  bolts,  the  lat- 
ter will  be  inserted  through  the  bolt  holes 
of  the  lugs  g,  on  the  opposite  side  of  the 
platform.     It  should  be  observed  that,  in 
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housing  the  gun,  the  fighting  bolts  will  oc- 
cupy diagonal  positions,  plates,  as  shown  at 
t,  being  inserted  in  the  deck  accordingly. 

Artillerists  are  aware  that  if  the  force  of 
the  recoil  were  brought  to  bear  on  the  cen- 
tral pivot  round  which  the  slide  revolves,  the 
latter  would  be  lifted  up  violently  or  seri- 
ously jarred  at  the  instant  of  discharging 
the  gun,  since  the  vertical  line  passing 
through  the  centre  of  the  trunnion  is  far  in 
advance  of  the  central  pivot,  when  the  gun 
is  rolled  out.  To  prevent  such  lifting  or 
jarring,  a  very  efficient  expedient  has  been 
resorted  to  by  the  constructor,  viz.,  that  of 
attaching  a  bracket,  d,  at  the  forward  end  of 
the  slide,  extending  about  2  in.  below  its 
base  and  bearing  firmly  against  the  circum- 
ference, p,  of  the  platform.  It  will  be  read- 
ily seen  that  if  the  bracket  referred  to, 
which  acts  as  a  hook,  be  placed  at  a  proper 
distance  while  the  pivot  round  which  the 
slide  turns  fits  loosely  in  its  socket,  the 
force  of  the  recoil  will  be  received  wholly 
by  the  edge,p,  of  the  platform  against  which 
the  bracket,  d,  bears.  The  professional  read- 
er cannot  fail  to  perceive  the  advantage  of 
transferring  the  strain  from  the  central  piv- 
ot in  rear  of  the  trunnion,  to  a  point  in  ad- 
vance of  the  same.  Obviously  the  practical 
results  will  be  that  of  causing  the  carriage 
and  slide  to  bear  down  against  the  platform, 
instead  of  being  violently  jarred  or  lifted  up, 
as  it  would  be  if  the  force  of  the  recoil  were 
brought  to  bear  on  the  central  pivot.  Re- 
garding the  proper  position  of  the  fighting 


bolts  for  securing  the  platform  during  firing, 
it  will  be  evident  that,  if  inserted  at  k,  as 
shown  (for  the  sake  of  ready  explanation) 
in  the  engraving,  the  platform  would  be 
lifted  or  jarred  at  the  moment  of  discharg- 
ing the  gun ;  while  by  inserting  the  fighting 
bolt  at  g,  the  tendency  will  be  to  depress 
the  platform,  thereby  securing  perfect  re- 
pose throughout  the  entire  structure. 

The  gun-carriage  itself,  represented  in 
our  illustration,  having  been  minutely  de- 
scribed on  a  former  occasion,  as  before  stat- 
ed, it  will  only  be  necessary  to  observe  that 
the  friction  bar  c,  which  in  the  original  car- 
riage was  made  of  iron,  has  been  made  of 
bronze  in  all  the  recent  carriages  constructed 
for  the  Spanish  Government,  at  the  Delama- 
ter  Iron  Works.  It  was  found  in  practice  that 
the  application  of  oil  or  grease  to  this  bar,  in- 
dispensable to  prevent  its  corrosion,  con- 
siderably diminished  the  friction,  a  circum- 
stance of  no  importance  if  the  diminution  had 
been  constant  in  amount;  but  the  lubricating 
medium  varying  in  quantity  obviously 
caused  irregularity  in  the  intensity  of  the 
required  friction.  Bronze  being  now  sub- 
stituted for  iron,  renders  the  application  of 
grease  unnecessary,  hence  the  friction  be- 
tween the  wooden  lining  of  the  clamp  b  and 
the  bar  c,  becomes  uniform.  Accordingly, 
by  pushing  the  hand  lever  a  to  a  given 
notch  of  the  circular-toothed  rack  s,  it 
has  been  found  that  the  length  of  the 
recoil  may  be  regulated  with  desirable  ex- 
actness. 


ON  KETAIMNG  WALLS  * 


INTRODUCTORY. 

In  designing  masonry  works  there  is 
hardly  any  subject  that  presents  itself  more 
frequently  than  the  retaining  or  revet- 
ment wall ;  and  in  some  form  or  other  it  is 
found  to  enter  into  almost  every  design. 
To  the  military  engineer  no  less  than  to 
his  civil  brother  is  the  subject  one  of  im- 
portance and  interest,  forming  as  the  re- 
vetment wall  does,  for  the  most  part,  a 
component  element  in  works  of  defence. 
To  military  engineers  in  truth  is  due  some 
of    the   most    valuable     information    that 
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civil  engineers  possess  regarding  the  theory 
of  earth  pressure,  and  although  further 
considerations  are  involved  in  designing 
revetments  for  military  works  than  the 
mere  support  of  earthwork,  there  is  still  to 
be  derived  from  the  experiments  and  re- 
searches of  military  men  information  of 
much  value  to  civil  engineers.  The  sub- 
ject is  one  that  has  received  the  fullest  and 
most  able  treatment  at  the  hands  of  mathe- 
maticians, and  solutions  for  every  case  that 
could  possibly  occur  in  practice  are  to  be 
found  in  our  text-books.  But  the  mathe- 
matical investigations  of  this  and  many 
other  questions  of  common  occurrence  in 
practice,  unquestionably  valuable  as  they 
are,  in  determining  the  principle  involved, 
and   establishing  final  rules  applicable  to 
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practice,  are,  it  is  believed,  but  rarely  re- 
sorted to  by  practical  engineers.  Even 
when  such,  examples  have  to  be  dealt  with 
by  those  sufficiently  acquainted  with  the 
mathematical  mode  of  proceeding,  they  are 
generally  solved  without  hesitation  by  some 
empirical  rule,  derived  from  experience. 
Such  a  method  may,  and  doubtless  occa- 
Eionally  does,  lead  to  accident  from  weak- 
ness, and  not  unfrequently  to  clumsy  waste 
of  material  and  consequent  expense.  But 
it  is  not  clear  that  less  of*  failure  or  clumsi- 
ness would  result  if  eveiy  retaining  wall 
were  calculated  with  mathematical  preci- 
sion, for  in  truth  the  data  involved  are  so 
variable  and  imperfect,  and  the  disturbing 
causes  are  of  such  a  character  as  to  neutral- 
ize to  a  great  extent  the  accuracy  of  the 
investigation.  With  certain  specific  data 
theoretical  accuracy  can  always  be  attained  ; 
but  the  engineer  as  a  rule  knows  nothing 
with  absolute  certainty  either  of  the  weight 
of  the  earth  he  has  to  sustain  in  position, 
or  of  the  masonry  that  he  intends  to  adopt 
in  doing  so.  These  and  other  data  he 
must  assume  before  he  enters  on  his  calcu- 
lations ;  and  though  there  is  not  in  these, 
as  in  many  other  investigations,  any 
necessity  to  attempt  an  extreme  degree  of 
refinement,  which  would  be  inapplicable 
for  every-day  practice,  yet  there  can  be  no 
good  excuse  for  dealing  with  the  matter  by 
hap-hazard  and  guess-work. 

It  is  not  proposed  now  to  regard  with 
more  than  a  cursory  glance  the  principles 
involved  in  determining  the  strength  of 
walls  to  support  earthwork.  Such  simple 
rules  will  be  given,  as  it  in  hoped  will 
serve — due  regard  being  had  to  the  pecu- 
liarities of  each  particular  case — to  guide 
the  less  experienced  in  designing  works 
of  this  class.  The  empirical  mode  of  deal- 
ing with  the  question  is  clumsy  and  un- 
scientific, Avhilst  the  formulae  usually  given 
are  so  complicated  as  to  render  their  appli- 
cation to  practice  out  of  the  question. 

SPECIFIC    CAUSES    OF   FAILURE. 

It  must  not  be  presumed  that  the  failure 
and  destruction  of  a  retaining  wall  is  neces- 
sarily due  to  the  wall  being  of  itself  in- 
sufficiently strong.  It  may  be  quite  heavy 
enough  to  resist  the  pressure  of  a  bank,  if 
due  regard  be  had  to  the  mode  of  forming 
the  earthwork,  and  to  drainage ;  but  if 
these  points  be  not  fairly  considered  and 
observed  at  first,  a  retaining  wall  of  quite 
sufficient  thickness  will  probably  give  way 


sooner  or  later.  As  much  care  should  in 
fact  be  devoted  to  the  method  of  backing 
up  and  draining  a  wall,  as  to  the  calcula- 
tion of  its  section  ;  for  indeed  if  these  mat- 
ters be  disregarded,  no  retaining  wall,  pro- 
perly so  called,  can  be  implicitly  relied 
upon  to  stand.  With  the  exception  of  one 
particular  case,  which  will  be  noticed  here- 
after, walls  are  designed  on  the  assump- 
tion that  they  are  to  support  a  dry 
material — or  one,  at  any  rate,  not  per- 
meated by  water — and  that  the  material  is 
to  be  deposited  in  such  a  manner  as  to 
have  no  predisposition  to  slide  against  the 
wall.  It  is,  of  course,  also  presumed  that 
the  wall  shall  be  of  fair  workmanship  and 
materials,  and  where  these  points  cannot 
be  relied  upon,  as  is  sometimes  the  case, 
especially  in  foreign  works,  some  allow- 
ance should  be  made  in  the  dimensions  of 
the  wall.  It  has  not  unfrequently  hap- 
pened that  a  retaining  wall  will  have  stood 
for  a  considerable  number  of  years  without 
showing  any  appearance  of  yielding,  and 
yet  will  give  way  suddenly  and  completely, 
without  apparent  cause.  Such  failures  can 
generally  be  accounted  for  by  the  fact  of 
the  wall  not  being  designed  to  resist  a 
maximum  pressure,  and  never  having  been 
tried  fully  till  the  time  of  its  destruction. 
Much  apparent  anomaly  is  observed  in  the 
way  that  retaining  walls  are  found  to  fulfil 
the  purpose  for  which  they  are  designed : 
for  whilst  some  will  yield,  others  of  less 
dimensions  will  continue  to  stand ;  such 
apparent  inconsistency  giving  occasion  for 
ingenious  theories,  most  of  them  entirely 
unsupported  by  fact  or  experience.  The 
truth  is,  that  imperfect  drainage,  defective 
foundations,  or  rotten  work  will  account  for 
almost  every  conceivable  case  of  failure. 

FIEST    CASE — HYDROSTATIC    PRESSURE. 

The  first  and  simplest  case  of  a  retaining 
wall  to  be  considered  is  that  in  which  the 
pressure  of  water  has  to  be  counteracted ; 
not  indeed  that  the  question  in  such  a  form 
belongs  strictly  to  the  subject  under  notice  ; 
but  it  nevertheless  becomes  absolutely  the 
method  of  determining  the  strength  of  walls 
for  certain  positions.  It  not  unfrequently 
happens,  as  in  some  hydraulic  works  or 
with  the  wing-walls  of  aqueducts,  that  the 
infiltration  from  behind,  which  is  not  al- 
ways avoidable,  may  produce  such  a  pres- 
sure as  no  retaining  wall  properly  so  called 
could  be  expected  to  bear.  With  this  view 
the  engineer's  limit  of  safety  will  be  attain- 
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ed  when  the  structure  is  designed  to  sus- 
tain the  full  hydrostatic  pressure.  The 
pressure  of  water  upon  any  plane  surface 
immersed  is  known  to  be  equal  to  the  area 
of  that  surface,  multiplied  by  the  depth  of 
its  centre  of  gravity  below  the  level  of  the 
water,  and  by  the  weight  of  a  unit  oficater. 
Generally  speaking  the  unit  adopted  in  cal- 
culation is  a  foot ;  and  the  unit  of  water 
being  taken  at  a  cubic  foot,  weighing  62.5 
lbs.,  the  resulting  product,  from  the  multi- 
plication of  the  three  quantities,  will  give  the 
pressure  in  pounds  on  the  surface  immersed. 
Let  it  be  supposed  for  simplicity  that  water 
to  the  depth  of  10  ft.  has  to  be  sustained 
by  a  vertical  rectangular  wall.  It  is  usual 
to  take  but  1  ft.  length  of  the  wall  for  the 
calculation,  though  it  will  not  affect  the  re- 
sult whether  1  ft.  or  100  ft.  be  the  length 
assumed.  We  then  have  the  surface  under 
pressure  =  10  sq.  ft.,  the  depth  of  the 
centre  of  gravity  =  5  ft.,  and  the  weight  of 
a  cubic  foot  of  water  =  62.5  lbs. ;  the  pro- 
duct of  which  quantities  give  us  3,125  lbs., 
the  pressure  on  1  ft.  length  of  the  wall.  But 
this  pressure  is  not  the  whole  of  the  force 
that  the  wall  has  to  resist ;  the  leverage 
that  it  exerts  must  also  be  taken  into  ac- 
count. In  the  example  under  considera- 
tion— namely,  that  of  a  vertical  plane,  with 
one  of  its  sides  coinciding  with  the  surface 
of  the  water,  as  in  Fig.  1. — the  whole  of 
the  pressure  is  so  distributed  as  to  be  equal 
to  a  single  force  acting  at  a  point  one-third 
of  the  depth  from  the  bottom.  Thus  the 
total  force  to  be  resisted  by  the  wall  is 
3,125  X  3-33  =  10,416,  which  is  the  mo- 
ment tending  to  overturn  the  wall. 

MOMENT    OF   RESISTANCE    TO    OVERTURNING. 

It  is  evident  that  a  certain  weight  of 
wall  must  be  opposed  to  this  overturning 
force ;  and  as  the  height  of  the  wall  and 
the  length  are  determined  quantities,  the 
thickness  alone  remains  for  adjustment. 
But  as  a  rectangular  wall  in  upsetting  is 
considered  to  turn  upon  a  single  point,  F, 
Fig.  1. — namely,  the  outer  line  of  the  foot 
of  the  wall,  there  will  be  a  certain  amount 
of  leverage  to  assist  the  wall  in  resisting 
the  pressure  of  the  water.  This  leverage  is 
the  horizontal  distance  of  the  centre  of 
gravity  of  the  wall  from  the  turning  point 
F,  and  when  the  structure  is  rectangular 
and  vertical,  it  is  equal  to  half  the  thick- 
ness. The  amount  of  the  walVs  resistance 
will  then  be  equal  to  the  number  of  cubic 
feet  in  one  foot  of  its  length,  multiplied  by 


the  weight  of  a  single  cubic  foot  of  masonry, 
and  by  half  the  thickness  of  the  wall. 
Taking  w  =  the  weight  of  a  cubic  foot  of 
water  =  62.5  lbs.,  wx  =  the  weight  of  a 
cubic  foot  of  masonry,  say  112  lbs. ;  x  = 
thickness  of  the  wall,  and  h  =  the  height ; 
the  condition  of  simple  stability  will  be  ful- 
filled when 


X  h  X  a  X  -7r= 


wx  h  xQ 


h         h 
w  h3 


CD 


2         —      (i 

and  solving  for  x  we  get 


The  thickness  of  the  wall  =  4  ft.  4  in. 


(2) 


EXAMPLE. 

A  simple  example  has  been  selected  for 
illustration,  but  of  course  a  rectangular 
section  of  wall  would  not  be  found  gener- 
ally applicable  in  practice,  nor  would  it  be 
expedient  to  limit  the  dimensions  of  a  re- 
taining wall  of  whatever  kind  to  the  mini- 
mum that  would  sustain  the  pressure ; 
some  margin  of  safety  must  therefore  be 
allowed,  to  cover  inferior  work  and  materi- 
als. It  is  true  that  no  account  has  been 
taken  of  cohesion,  which,  if  the  wall  be 
founded  on  rock  or  concrete,  may  be  assum- 
ed to  add  to  its  stability  about  7,000  lbs. 
for  every  square  foot  of  base.  In  addition 
to  this,  practice  seems  to  indicate  an  increase 
on  the  calculated  thickness,  and  in  the 
example  the  mean  width  might  be  aug- 
mented to  5  ft.,  the  stability  being  further 
increased  by  altering  the  section  from  a 
rectangle  to  a  battering  wall  with  offsets  at 
the  back. 

A  good  general  rule  for  the  dimensions 
of  a  wall  designed  to  support  water  or  earth 
in  a  semi-fluid  condition  will  be — 

Top  breadth  =  0.3 
Middle  do.  —  0.5 
Bottom  do.     =  0.7 

The  height  being  represented  by  unity. 

Proceeding  to  the  consideration  of  walls 
for  the  support  of  dry  earth,  it  will  be  found 
that  the  question  is  one  that  will  in  general 
require  the  engineer  to  exercise  his  judg- 
ment, to  determine  what  angle  of  repose  he 
will  base  his  calculation  upon.  The  natural 
slopes  assumed  by  earths  of  different  tena- 
city are  so  various,  that  an  average  figure 
cannot  be  adopted  with  safety ;  the  calcula- 
tion of  pressure  from  earth,  in  fact,  depends 
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essentially  on  this  point,  and  a  disregard  of 
it  will  lead  to  very  doubtful  results.  The 
following  are  a  few  of  the  slopes  assumed 
by  different  materials,  but  it  is  probable 
that  the  engineer's  judgment  will  be  of 
more  service  than  any  table  in  deciding  the 
angle  of  repose.  The  examination  of  a  dis- 
trict in  which  works  are  intended  to  be 
carried  out  will  always  suffice  to  satisfy  the 
designer  of  the  nature  of  the  material  that 
he  is  dealing  with,  and  may  enable  him  to 
proportion  his  works  very  nearly  to  the  re- 
quirements of  safety  and  economy : — 

Ancle  of  repose. 
Dry  sand,  clay  and  mixed  ("From  37°    . 

earth \       to  21°    . 

Damp  clay 45«    . 


Wet  clay |Froni  }7° 

J        to  14w 

Shingles  and  gravel jFro™  g° 

Peat 


'From  45° 
to  14* 


Slope. 
1.33  to  1* 

2  62  to  1 
1        to  1 

3  23  to  1 

4  to  1 
0.9  to  1 
1.43  to  1 
1  to  1 
4        to  1 


To  which  might  be  added  as  a  special  fea- 
ture London  clay ;  it  appears  under  the  in- 
fluence of  weather  to  be  exceedingly  un- 
stable, slipping  away  to  almost  any  angle 
of  repose. 

THEORY  OF  EARTH  PRESSURE. 

It  has  been  ascertained  by  M.  Prony  that 
when  a  vertical  wall  sustains  the  pressure 
of  a  bank  of  earth  the  top  of  which  is 
horizontal,  the  maximum  horizontal  pres- 
sure to  which  the  wall  can  be  subjected  will 
be  reached  when  the  plane  of  fracture  of 
the  earth  bisects  the  angle  that  would  be 
formed  were  the  earth  to  slope  from  the 
foot  of  the  wall  backwards  at  the  natural 
inclination.  This  fact  is  somewhat  striking, 
for  it  would  appear  at  first  sight,  and  was 
for  long  assumed,  that  the  angle  of  fracture 
ought  to  coincide  with  the  natural  slope  of 
the  earth  ;  such  is,  however,  not  really  the 
case.  If  we  suppose  the  angle  made  be- 
tween the  sloping  plane  and  the  vertical  to 
be  bisected,  the  prism  of  earth  enclosed  be- 
tween the  bisecting  plane  and  the  wall  will 
represent  the  mass,  the  pressure  of  which 
has  to  be  resisted  ;  and  this  being  the  max- 
imum pressure  that  a  horizontal  topped 
bank  is  capable  of  exerting,  it  is  usually 
the  point  to  be  determined. 

Referring  to  Pig.  1,  the  principle  of 
earth  pressure  will  readily  be  understood. 
Supposing  the  plane  of  rupture  to  bisect 
the   angle  c — which  will  be  the  case  when 
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the  pressure  is  a  maximum — the  prism  cut 
off  will  be  the  whole  weight  that  the  wall 
will  have  to  sustain.  Taking  this  prism 
for  a  single  unit  of  length  or  thickness,  the 
superficial   area  will   represent   the    cubic 

Fig.  1. 


contents.     But   the   area  of   the   triangle, 

taking  h  as  the  height  of  the  wall,  will  be 

h2  tan.  ^  c 


c  being  the  angle  contained  between  the  na- 
tural slope  of  the  earth  and  the  back  of  the 
wall.  It  is  only  necessary  to  multiply  this 
value  by  w,  the  weight  of  a  cubic  foot  of  the 
bank,  to  get  the  total  weight  of  the  prism. 
This  prism  of  earth  is  then  like  any  other 
body  resting  upon  an  inclined  plane  ;  which 
in  this  case  is  the  plane  of  rupture.  It  is 
sustained  in  position  by  the  wall  on  one 
side  and  by  the  fixed  portion  of  the  bank 
on  the  other ;  and  may  be  regarded  as  a 
solid  mass  of  material  without  motion 
amongst  its  parts.  The  line  K  M  repres- 
ents the  direction  of  the  force  of  gravity, 
and  the  lines  K  L  and  K  0  the  pressures 
exercised  against  the  wall,  and  the  force  ot 
the  bank  respectively.  These  pressures 
produce  a  certain  amount  of  friction  against 
the  wall  and  the  bank,  but,  as  the  friction 
against  the  wall  does  not  materially  affect 
the  question,  the  friction  of  the  bank  alone 
is  considered,  and  taken  into  account  in 
arriving  at  the  following  formula  which 
applies  to  the  case  of  a  vertical  wall  sup- 
porting a  bank  with  a  horizontal-topped 
bank  : — 


wh* 
P  = — - —  tan. 

a 


*C 


(3) 


Having  calculated  the  pressure  of  the  earth, 
the  next  step  will  be  to  determine  its  mo- 
ment to  overturn  the  wall,  and  this  can  be 
ascertained,  as  in  the   case   of  water,  by 
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multiplying  the  pressure  by  one-third  of 
the  wall's  height.  This  having  been  de- 
termined the  next  consideration  will  be, 
•what  weight  of  wall  will  suffice  to  sustain 
it ;  and  the  method  of  arriving  at  this  is 
similar  for  the  most  part  to  that  adopted 
for  water.  Taking,  as  above,  the  moment 
of  the  wall  to  resist  the  pressure,  the  fol- 
lowing equation  will  represent  the  condi- 
tions of  stability : — 

w'  h  x*      ir  A2  ,       „  ,      h 

-5--— tan-  Jc7 

And  solving  for  x,  the  thickness  of  the  wall, 
we  have — 

/w  h*  tan.  2  A  c    . 

If  the  weight  of  a  cubic  foot  of  earth  be 
taken  equal  to  a  cubic  foot  of  the  wail,  the 
value  will  be — 

which  would  give  a  thickness  of  2.69  ft.  for 
a  rectangular  wall  of  10  ft.  high  supporting 
a  bank  of  earth,  the  angle  of  repose  being- 
taken  at  40  deg.  The  average  weight  of 
brickwork  and  ordinary  clay  will  generally 
be  nearly  the  same ;  but  if  great  accuracy 
be  desired,  and  the  respective  weights  of 
the  materials  be  known,  the  general  formu- 
la No.  4  must  be  used. 

The  following  table  gives  the  weight  per 
cubic  foot  in  pounds  avoirdupois  of  such  ma- 
terials as  come  under  our  consideration  in 
solving  questions  relative  to  retaining  walls : 

Weight  of  a 
cubic  foot 

in  pounds. 

Sand — damp 120 

Do.        dry 90 

Marl 100 

Clay 120 

Gravel • 125 

Brick 130 

Brickwork 112 

Masonry 130 

Mortar! 110 

PARTIAL    RETAINING  WALL. 

Having  so  far  considered  the  first  two 
cases,  namely,  those  of  a  wall  supporting  a 
horizontal-topped  bank  of  earth  in  a  semi- 
fluid condition,  and  also  in  a  state  of  com- 
parative dryness,  the  next  example  that 
suggests  itself  to  our  notice  for  examination 
is  that  of  a  partial  retaining  wall,  or  a  wall 
from  the  top  of  which  the  bank  slopes  away 
for  a  certain  height — called  the  surcharge 
— either  at  the  natural  slope  of  the  earth  or 
at  a  less  inclination.     Such  mode  of  con- 


struction is  of  very  common  occurrence, 
dwarf  walls  being  frequently  adopted  on 
railway  works  where  the  cuttings  or  em- 
bankments are  of  considerable  height,  and 
when  carefully  designed  are  found  to  effect 
a  saving  of  expense,  both  in  construction 
and  in  the  item  of  land.  In  cuttings  the 
walls  are  carried  up  to  such  a  height  as 
economy  dictates,  and  the  slope  is  then 
trimmed  back  at  the  proper  angle.  ."  imi- 
larly  with  embankments,  the  walls  are  so 
disposed  as  to  cut  off  the  foot  of  the  slope. 
In  either  case  a  little  consideration  will  suf- 
fice to  show  whether  the  saving  of  earth 
and  land  area  will  cover  the  cost  of  the  re- 
taining walls.  In  military  works,  as  well 
as  civil,  the  partial  revetment  is  very  com- 
monly used,  being,  indeed,  a  component 
part  of  almost  every  system  of  fortification. 
The  first  particular  case  belonging  to  this 
class,  though  not  of  the  commonest  occur- 
rence in  civil  practice,  is  when  a  partial  re- 
taining wall  supports  a  bank,  the  face  of 
which  slopes  back  at  an  angle  less  than  the 
natural  slope  of  the  earth.  As  M.  Prony's 
rule,  that  the  plane  of  rupture  bisects  the 
angle  between  the  natural  slope  of  the  earth 
and  the  back  of  the  wall,  only  holds  guod 
when  the  surface  of  the  bank  is  at  right  an- 
gles to  the  plane  of  the  wall,  another  mode 
of  determining  the  angle  for  the  maximum 
pressure  must  be  resorted  to.  The  simple 
construction  given  in  the  note  enables  us  to 
arrive  at  the  maximum  pressure  for  a  wall 
at  any  given  batter,  with  the  surcharge 
above  sloping  at  any  inclination.  The 
equation  arrived  at  is  the  expression  for  the 
maximum  horizontal  pressure : 


w  h8       tan.  $  tan.  2  (c  - 
~    'A      X      tan.  d  -  tan.  c 


fl 


•    («) 


the  angle  c  being  that  between  the  back  of 
the  wall  and  the  natural  slope  ;  6  =  the  an- 
gle made  by  the  face  of  the  bank  with  the 
plane  of  the  wall ;  and  0  =  the  angle  be- 
tween the  plane  of  rupture  and  the  back  of 
the  wall.  The  value  for  c  —  (p  will  be  found 
in  the  note.  Taking,  for  example,  a  verti- 
cal wall  of  10  ft.  high,  supporting  a  bank 
that  slopes  back  at  an  inclination  of  20  deg. 
with  the  horizon,  the  natural  slope  being 
40  deg.,  the  value  of  tan.  (c.  —  (f>)  will  be 
.4610;  inserting  this  value  and  working 
out  the  equation,  we  arrive  at  a  pressure  of 
2,100  lbs.  against  the  back  of  the  wall. 

For  the  case  of  a  revetment  sustaining  a 
surcharge  the  centre  of  pressure  will  be,  as 
in  the  former  case,  at  one-third  of  the  height 
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of  the  wall,  giving  a  leverage  of  3.33  feet. 
This  gives  2,100  lbs.  X  3-33  =  6>993>  the 
moment  of  the  earth  tending  to  overturn 
the  revetment.  Equating  this  value  to  the 
moment  of  the  wall,  taking  the  cube  foot  of 
brickwork  at  112  lbs.,  the  same  weight 
as  the  earth,  and  solving  for  x  the  thick- 
ness, we  find  it  to  be  3.53  ft. 

.  Tig.  2. 


DEFINITE    SURCHARGE. 

The  next  case  to  be  considered  is  one  of 
much  more  frequent  occurrence  in  practice 
than  that  just  mentioned  ;  it  is  a  partial  re- 
taining wall  supporting  a  surcharge  of  earth, 
sloping  away  at  the  natural  inclination, 
and  terminating  in  a  horizontal  plane  above. 
Cuttings  and  embankments  partly  supported 
by  masonry  works  furnish  familiar  ex- 
amples of  this,  which  is  denominated  the 
"  definite  surcharge."  The  most  convenient 
method  of  determing  the  thickness  of  wall 
in  this  instance  will  be  to  consider,  first,  the 
conditions  of  stability  for  an  infinitely  long 
siope,  which,  however,  can  only  have  a 
theoretical  existence;  and  having  arrived 
at  the  thickness  of  wall  necessary  to  support 
such  a  bank,  a  simple  reduction  will  give 
the  thickness  required  when  the  length  of 
slope  is  limited. 

It  has  been  mentioned  that  when  a  verti- 
cal wall  sustains  a  bank  with  a  horizontal 
top,  the  plane  of  rupture  for  the  maximum 
pressure  is  found  to  bisect  the  angle  be- 
tween the  natural  slope  and  the  vertical. 
It  is  also  an  ascertained  fact,  that  as  the 


angle  of  the  surcharge  increases,  the  angle 

0,  or  that  between  the  plane  of  rupture  and 

the  back  of  the  wall,  also  increases  ;  until 

the  face  of  the  bank  slopes  at  the  natural 

inclination  of  the  earth,  and  then  the  plane 

of  rupture  becomes  parallel   to  it.     From 

this  it  would  appear  that  when  the  slope  is 

infinitely  long — a  condition  that  could  not 

exist  in  practice  — the  pressure  will  also  be 

infinitely  great ;  but  such  is  not  really  the 

case.     The  ratio  of  the  pressure  of  a  bank, 

whatever  its   inclination,    to   the  pressure 

exerted  by  an  embankment  level  with  tho 

top  of  the  wall  can  never  exceed  4:1.  The 

formula,   then,    for  finding  the   maximum 

horizontal  pressure  exerted  by  an  infinitely 

long   slope    against    a    vertical   wall   will 

be— 

—  *>« 

.        (7) 


P  = — 5—  sin.  2  c 

a 


the  notation  being  exactly  the  same  as  in 
the  other  cases  If  we  work  this  pressure 
out,  using  the  same  values  for  w,  h,  and  c, 
as  taken  above,  we  shall  find  P=3,281 
lbs. 

Now  for  the  leverage :  we  have,  as  in 
every  other  case,  simply  to  divide  the  height 
of  the  wall  by  3,  which  in  our  example 
gives  3.33  and  the  moment  to  overturn  the 
wall  =  3,281  X  3.33=10,925.  Proceeding 
in  the  same  manner  as  before,  the  width  of 
a  wall  of  brick  to  counterbalance  an  infi- 
nitely high  bank  sloping  at  the  natural 
inclination,  will  be  found  to  be  4.43  ft. 

When  the  surcharge  is  very  high  as 
compared  to  the  height  of  the  wall,  no  re- 
duction of  the  thickness  will  be  necessary, 
for  practically  the  slope  may  be  considered 
infinite  ;  but  when  the  bank  does  not  over- 
top the  wall  by  a  great  height  it  will  be 
well  to  apply  the  following  formula  to  as- 
certain the  corrected  thickness.  Let  h= 
height  of  wall=10  ft.,  7i  =height  of  sur- 
charge above  the  wall,  which  we  shall  take 
at  20  ft.,  £=thickness  of  wall  to  support  a 
horizontal  bank,  as  found  in  the  first  case 
=2.69  ft.,  T=the  thickness  of  a  wall  for  a 
20  ft.  surcharge,  £  =thickness  for  indefinite 
slope  as  found=4.43.  Working  this  out 
the  thickness  is  found  to  be  408  ft. 


T  = 


ht  +  2h't' 
h  -f  2  h' 


(8) 


So  far  we  have  considered  the  cases  of 
more  usual  occurrence  in  practice,  namely 
those  in  which  the  back  of  the  wall  is  verti- 
cal or  stepped,  which  is  practically  the  same 
thing.     For  the  calculation  of  leaning  walls 
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the  reader  is  refeired  to  the  general  formu- 
las (A)  and  (B)  given  in  the  note  ;  from  the 
latter  formula  the  horizontal  resistance  of 
any  bank,  supported  by  a  wall  at  any  angle 
of  inclination,  can  be  ascertained,  and  the 
leverage  being  in  every  case  taken  at  one- 
third  of  the  height  of  the  wall,  there  will  be 
no  difficulty  in  designing  a  wall  of  such  a 
section  as  will  resist  the  pressure  of  the 
bank  effectually. 

Tig.  3. 


The  point  to  be  kept  in  view  is  the  mo- 
ment of  the  wall,  and  this  must  be  made 
to  exceed  the  maximum  overturning  force 
of  the  embankment.  It  will  not  suffice  to 
equalize  the  moment  of  the  earth's  force  to 
the  resistance  of  the  wall,  as  has  been  done 
in  the  examples  above ;  a  certain  excess  of 
resistance  will  be  necessary,  and  this  can 
easily  be  attained  by  giving  the  wall  a 
batter,  or  else  sloping  it  back  so  as  to  throw 
the  centre  of  gravity  of  the  mass  as  far 
back  as  possible,  in  a  horizontal  direction 
from  the  outer  line  of  the  foot  of  the  wall. 
The  line  of  the  centre  of  gravity  must  not, 
however,  be  allowed  to  fall  inside  the  base 
of  the  wall,  otherwise  the  stability  of  the 
structure  will  become  dependent  on  the 
support  of  the  bank,  and  will  have  a  ten- 
dency to  slide  away  from  its  position. 

It  has  been  stated,  and  taken  for  granted, 
that  banks  of  earth,  when  they  destroy  re- 
taining walls,  do  so  by  turning  them  over ; 
this  is,  however,  not  invariably  the  case. 
It  has  occasionally  happened  that  walls 
have  been  moved  bodily  forward,  sliding  on 
their  base.    Such  an  occurrence  is  certainly 


accidental,  and  is  probably  the  result  of  the 
wall  having  been  founded  on  an  unstable 
material,  perhaps  on  an  inclined  bed  of 
moist  and  uncertain  soil.  "Walls  have  also 
given  way  in  rare  instances  by  the  upper 
courses  of  the  structure  yielding  to  pressure, 
breaking  off  and  falling  over;  a  contin- 
gency that  is  probably  due  to  the  upper  part 
of  the  bank  becoming  suddenly  charged 
with  water,  and  exercising  an  undue  pres- 
sure on  the  wall  before  there  is  time  for  the 
water  to  drain  away.  These  must  be  re- 
garded as  rare  contingencies,  arising  out  of 
some  defect  of  the  foundations,  or  backing ; 
and  cannot  affect  the  consideration  of  the 
wall's  stability  generally.  The  theory  of 
the  wall  being  turned  over  on  its  base  pro- 
vides for  the  greatest  trial  to  which  the 
structure  can  be  subjected,  or,  in  other  words, 
the  wall  would  as  a  general  rule  give  way 
under  a  much  less  pressure  by  falling  over, 
than  would  be  required  to  overcome  fric- 
tion, and  move  the  wall  forward  in  its  en- 
tire state  ;  if  therefore  the  structure  is  con- 
sidered as  having  to  withstand  the  over- 
turning force,  it  will  always  be  strong 
enough  to  resist  being  pushed  forward. 

BETALNIXG   WALL  WITH    CURVED    BATTEB. 

A  form  of  retaining  wall  commonly  met 
with  in  practice,  especially  in  brickwork 
structures,  is  that  with  a  curved  batter, 
stepped  in  offsets  at  the  back.  The  curve 
usually  adopted  is  the  arc  of  a  circle,  the 
radius  of  which  is  from  2|  to  3  times  the 
wall's  height ;  and  the  centre  of  the  curve 
is  as  a  rule  in  the  same  horizontal  plane  as 
the  top  of  the  wall.  In  such  structures  the 
courses  are  made  to  radiate  from  the  centre, 
and  the  result  is  that  the  joints  of  the 
brickwork  at  the  back  are  thicker  than  is 
either  necessary  or  advisable.  When  the 
radius  of  curvature  is  large,  the  increase  of 
thickness  is  inconsiderable,  but  it  becomes 
decidedly  an  objection  when  the  curve  is  a 
short  one ;  for  the  thickness  of  the  wall  will 
not  become  reduced  in  the  same  proportion 
as  the  height  or  as  the  radius  of  curvature. 
The  dimensions  of  a  wall  of  this  kind  may 
be  determined  with  sufficient  accuracy,  by 
first  considering  it  as  a  leaning  wall  at  a 
given  slope,  and  using  the  general  formula 
(6),  and  in  this  manner  a  very  close  ap- 
proximation to  the  thickness  may  be  arrived 
at.  There  are,  it  is  true,  specific  formulae 
given  by  some  authors  for  determining  the 
thickness  of  curved  walls,  but  they  are  too 
complex   for   application  in  practice.     The 
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effect  of  the  curvature  will  be  to  add  to  the 
wall's  stability  by  bringing  the  centre  of 
gravity  farther  in  towards  the  bank,  and 
this,  indeed,  is  the  only  advantage  that  the 
curved  form  possesses ;  it  is  difficult  to  con- 
struct, and  consequently  expensive  ;  for  the 
saving  of  material,  if  any,  is  very  trifling. 
In  architectural  effect  it  certainly  has  no 
advantage  over  the  wall  with  a  straight 
batter,  for  the  simple  reason  that  it  does 
not  convey  the  same  idea  of  strength.  If 
the  curved  wall  is  supposed  to  derive  any 
additional  stability  from  its  curvature,  on 
the  principle  of  the  arch,  as  some  have 
fancied,  it  must  be  recollected  that  an  arch 
with  but  one  abutment  is  a  very  unstable 
kind  of  structure,  and  such  kind  is  simply 
what  the  curved  retaining  wall  is.  Quays 
and  river  walls  may,  indeed,  be  designed  of 
a  curved  form  with  advantage,  for  such  will 
allow  of  ships  coming  closer  to  the  brink, 
than  they  could  were  the  wall  a  straight 
one.  And  sea  walls,  also,  are  not  unfre- 
quently  built  of  a  curved  section  on  the  face, 
this  form  being  under  certain  circumstances 
better  adapted  than  a  straight  wall  to  resist 
the  force  of  waves. 

In  situations  where  a  retaining  wall  has 
but  one  purpose  to  fulfil — that  of  sup- 
porting a  bank  of  earth — it  is  usual  to  give 
the  base  of  the  wall  a  certain  amount  of 
inclination  to  the  horizontal,  the  slope  be- 
ing perpendicular  to  the  batter  of  the  face  ; 
or  if  the  wall  have  a  curved  batter,  the 
plane  of  the  base  will  simply  radiate  from 
the  centre  of  curvature.  Such  mode  of 
construction  is  calculated  to  increase  the 
frictional  stability,  for  it  brings  the  thrust 
of  the  earth  from  behind  more  nearly  per- 
pendicular to  the  bearing  surface. 

COUNTERFORTS. 

Counterforts  are  frequently  constructed 
at  the  back  of  retaining  walls,  and,  al- 
though generally  approved  of,  appear  to  be 
a  somewhat  doubtful  mode  of  distributing 
material.  Mr.  Hosking,  in  a  paper  read 
before  the  Institute  of  Civil  Engineers, 
deprecates  their  use  and,  with  some  reason, 
advocates  the  use  of  ribs  or  arches  from 
wall  to  wall.  These  ribs  seem  to  have  been 
suggested  by  the  cast-iron  beams  used  to 
support  the  falling  walh  on  the  London 
and  North  Western  Railway  between 
Euston  Station  and  Primrose  Hill.  Mr. 
Hosking  proposes  that  his  arches  of  brick 
should  pass  completely  over  the  road,  and 
that  they  should  consist  on  plan  of  a  pair 


of  flat  arches  placed  back  to  back.  Such 
an  arrangement  would  doubtless  prove 
effective,  and  the  expediency  of  adopting  it 
would  evidently  be  determined  by  the  cost 
of  the  work  and  the  value  of  land  adjoin- 
ing— a  mode  of  construction  in  common 
use  in  metropolitan  works,  and  in  other 
situations  where  land  is  very  valuable,  is 
that  shown  in  Fig.  4.    It  consists  of  a  series 

Fig.  4. 


[PLAN.] 


of  buttresses  and  inverts,  the  convexity  of 
which  latter  is  opposed  to  the  thrust  of  the 
backing.  Such  a  distribution  of  material 
is  most  suitable  in  situations  where  the 
projection  of  the  buttresses  is  not  found 
inconvenient.  In  quay  and  river  walls  it 
would  not  answer  of  course  to  have  any 
such  projection,  as  the  near  approach  of 
ships  and  boats  is  an  essential  considera- 
tion. 

The  distribution  of  the  material  in  the 
form  of  counterforts  is  attended  with  a 
slight  saving,  and  where  buttresses  would 
be  inadmissible  on  account  of  their  en- 
croaching on  the  roadway,  counterforts 
may  be  adopted.  They  have  at  least  one 
use,  that  they  oppose  more  friction  to  the 
earth  than  a  plain  wall,  and,  being  easy  of 
construction,  are  productive  of  but  little 
additional  expense.  In  order  to  ascertain 
what  additional  mean  thickness  a  wall  de- 
rives from  the  counterforts,  it  is  only  neces- 
sary to  multiply  the  length  of  the  counter- 
fort by  its  mean  width,  and  divide  the 
product  by  the  distance  from  centre  to 
centre  of  two  counterforts.  The  form  and 
dimensions  of  counterforts  vary  with  cir- 
cumstances, the  narrow  and  deep  disposi- 
tion of  the  material  being  probably  the  best 
as  a  general  rule.  The  late  Lieutenant 
Hope,  of  the  Boyal  Engineers,  conducted 
some  interesting  experiments  on  the  sta- 
bility of  retaining  walls  generally,  and  ar- 
rived at  the  conclusion  that  a  thin  wall, 
with  frequent  thin  counterforts,  was  the  best 
arrangement  of  the  material. 

Two  points  of  importance  relative  to  coun- 
terforts demand  particular  attention — the 
first,   that    they   should    be    built    simul- 
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taneously  with  the  wall ;  and  the  second, 
that  the  wall  should  be  well  bonded  into 
the  counterforts,  otherwise  they  detract  from 
the  wall's  strength,  instead  of  augmenting 
it.  It  is  evident  that  without  some  special 
system  of  bond,  counterforts  reducing  the 
thickness  of  the  wall,  as  they  are  generally 
understood  to  do,  must  prove  detrimental 
rather  than  advantageous  ;  but  if  plenty  of 
hoop  iron  be  used,  which  is  not  usually  the 
case,  counterforts  may  be  made  to  contribute 
in  a  very  considerable  degree  to  the  stability 
of  the  wall.  In  fact,  quite  as  much  as  but- 
tresses. 

MODE  OF  BACKING  AND  DEAINAGE. 

That  accidents  frequently  occur  from  due 
care  not  being  exercised  in  the  mode  of 
backing-up  retaining  walls  is  undoubted, 
and  indeed  to  this  cause  alone  the  majority 
of  failures  is  attributable  ;  not,  as  is  fre- 
quently supposed,  to  the  insufficient  section 
of  the  wall.  The  drainage  of  masses  of 
earth  sustained  by  walls,  is  a  matter  that 
can  only  be  disregarded  with  risk  of  ill 
consequences.  It  is  a  difficult  thing  to  pre- 
vent surface  water  from  finding  its  way 
into  earth-work,  and  therefore  the  simplest 
method  of  dealing  with  it  will  be  to  provide 
efficient  means  for  its  escape.  To  this  end 
holes  or  weepers  should  be  left  in  the  wall 
at  different  levels,  to  relieve  it  from  pressure 
from  behind ;  and  in  order  to  admit  the 
surface  water  to  these  points  of  escape,  it 
will  be  advisable  to  back  up  the  wall  with 
dry  stone,  quarry  shivers,  or  whatever  else 
will  admit  the  free  passage  of  water.  If  a 
wall  be  backed  up  in  this  way  by  a  rough 
angular  material,  it  will  be  relieved  of  al- 
most all  pressure  from  the  earth.  Economy 
will,  however,  generally  preclude  such  an 
expedient  in  works  of  considerable  extent, 
and  then  it  will  be  necessary  to  form  the 
embankment  with  great  care,  adopting  every 
precaution  to  prevent  the  tendency  of  the 
earth  to  slip  in'  the  direction  of  the  wall. 
It  will  be  evident  from  the  calculation  of 
the  pressure  exerted  by  earth,  that  the  less 
the  angle  of  repose  is,  the  greater  will  be 
the  pressure  on  the  wall ;  and,  as  a  matter 
of  course,  any  means  that  will  tend  to  in- 
crease the  angle  of  repose,  will  relieve  the 
wall  of  a  certain  amount  of  pressure.  Ef- 
fectual drainage  will  do  much  towards  this 
end ;  but  the  mode  of  depositing  the  earth 
will  also  affect  the  angle  of  natural  slope  in 
a  considerable  degree.  The  same  earth 
under  different  treatment  will  assume  dif- 


ferent slopes ;  if  dry,  it  will  fall  when 
tipped — at  a  low  angle,  but  if  damped,  and 
well  rammed,  will  adapt  itself  to  a  much 
higher  one.  It  has  even  been  found  that  a 
bank  when  constructed  in  such  a  manner  has 
stood  for  a  considerable  time  perfectly  verti- 
cal. The  best  mode  of  backing  a  wall  up  with 
earth  will  then  be,  to  commence  depositing  at 
the  foot  of  the  wall,  and  to  lay  the  earth  in 
layers  inclining  against  the  wall,  as  shown 
by  the  dotted  lines  in  Fig.  3,  each  layer 
being  well  rammed  before  another  is  com- 
menced. This  will  not  only  consolidate  the 
earth,  and  prevent  any  shock  that  might 
occur  from  sudden  settlement,  but  will  in- 
crease the  angle  of  repose,  and  give  the 
earth  a  endency  to  slip  away  from  the  wall, 
rather  than  towards  it. 

THE   LAND    TIE. 

An  expedien.  lor  securing  retaining  walls 
that  is  simple  and  not  expensive,  is  the  land 
tie  ;  it  consists  of  an  iron  plate,  with  a  rod 
passing  through  its  centre,  the  plate  being 
placed  vertically  in  the  bank  behind  the 
wall,  and  the  end  of  the  rod  passed  through 
the  wall  and  secured.  The  holding  power 
will  depend  on  the  area  of  the  plate,  and 
the  depth  at  which  it  is  sunk  beneath  the 
surface.  But  it  is  evident  that,  in  order  to 
act  most  effectually,  land  ties  should  be  at- 
tached to  the  wall  at  the  height  of  the  centre 
of  pressure. 

Note. — The  following  construction,  given 

by  Mr.  Neville  in  the  "  Transactions  of  the 

Institute  of  Civil  Engineers,  Ireland,"  vol. 

i.,  shows   the   method   of  determining  the 

Fig.  5. 


pressure  exerted  by  a  bank,  whatever  may 
1  be  its  inclination  : 
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Let  C  D  represent  the  wall ;  D  E  the    scribe  an  arc  cutting  A  0  in  I :  draw  I  C. 

face  of  the  bank  sloping  at  any  angle ;  and    The   triangle  CDP  represents  the  maxi- 

C  H  the  line  of  natural  slope.     Draw  any  j  mum  to  be  resisted.     The  angle  6  =  0  —  c. 

line  perpendicular  to  the  line  C  H,  cutting  j  The  complement  of  the  angle    of   repose 

the  line  of  the  wall  produced  at  A,  and  also  i  =  p ;   and  the  face  CD  =  /t 

a  line  drawn  parallel  to  the  face  slope  at  ;  .  „    ,„    *>_,*„„  2  .  .  +n„   „  inn  *%i    *QT1   i  (  k\ 
r\       r\      a    r\   i         m  •  •     i         -K  !  tan.  (c  —  0;  =  (tan.  *  d  +  tan.  c  ton.  6)  -J— tan.  6.  (A) 

U.     UnAO  describe   a  semicircle.     From 

0.  as  a  centre   with  the  radius  0  H,  de-  j  Putting  E  for  the  maximum  horizwitahe&i&t- 

TABLE    A. 

Table  of  coefficients  ofh  for  finding  the  Thickness  of  Standard  Rectangular  Wa'ls,  when  the  top  of  the 

bank  is  horizontal. 


Ratios  of 

WtoW'. 

1 

i 

_l- 

_JL 

i  t 

1  .3 

1  -4 

_1. 

1  -5 

_l_ 

J  -6 

TJ7 

1  -8 

ft 

■2-1 

M 

■1*1 

_JL. 

A 

Angle  of 

Repose. 

K 

K 

K 

0 

.577 

.550 

.527 

.506 

.488 

.472 

.456 

,443 

.430 

.419 

.408 

.399 

389 

.381 

.373 

.365 

80° 

.334 

.317 

.304 

.292 

.282 

.272 

.263 

.256 

.248 

.242 

.235 

.230 

.224 

.220 

.215 

.211 

31° 

.327 

311 

.298 

.286 

.276 

.267 

.258 

.251 

.243 

.237 

.231 

.225 

.220 

.216 

.211 

.207 

32° 

.320 

305 

.292 

.281 

.270 

.261 

.253 

.245 

.238 

.232 

.226 

.221 

216 

.211 

.206 

.2<*2 

33° 

.314 

.299 

.286 

.275 

.265 

.256 

.248 

.240 

.234 

.228 

222 

.217 

.212 

.207 

.203 

.198 

34° 

.307 

.293 

.280 

.269 

.260 

.251 

.243 

.236 

.229 

.223 

.217 

.212 

.207 

.203 

.198 

.194 

35° 

300 

.286 

.274 

.263 

.254 

.245 

.237 

.230 

.224 

.218 

.212 

.207 

.202 

.198 

194 

.190 

36° 

.295 

.280 

.268 

.258 

.248 

.240 

.232 

225 

.2)9 

213 

.208 

.203 

.198 

.194 

.390 

186 

37° 

.288 

.274 

.262 

.252 

.243 

.235 

.227 

221 

.214 

.209 

.203 

.199 

.194 

.190 

.186 

.182 

38° 

.282 

.268 

.257 

.246 

.238 

.230 

.222 

.216 

.209 

.204 

.199 

.194 

.189 

.185 

.182 

.178 

39° 

.276 

.262 

.251 

.241 

.233 

.225 

.217 

,211 

.205 

199 

.194 

.190 

.185 

.180 

.177 

174 

40° 

.269 

.256 

.245 

.235 

.227 

.219 

.212 

.206 

.200 

.195 

190 

.185 

180 

.177 

.173 

170 

41° 

.263 

.250 

.240 

.230 

.222 

.215 

.207 

.202 

196 

192 

.186 

.181 

177 

.173 

.170 

.166 

42° 

.257 

.244 

.234 

.225 

.216 

.210 

202 

.197 

191 

.186 

.181 

.177 

.173 

.169 

.165 

.162 

43° 

.251 

.239 

229 

.220 

.212 

.205 

.198 

.192 

.187 

.182 

.177 

.173 

169 

.164 

.162 

158 

44" 

.245 

.233 

.223 

.214 

.206 

.200 

.193 

.188 

.184 

.177 

.172 

169 

.164 

161 

.158 

.154 

45° 

.239 

.227 

.218 

.209 

.202 

.295 

.188 

.183 

.178 

.173 

.168 

.165 

.161 

.157 

.154 

.151 

TABLE    B. 

Tabe  of  coefficients  of  h  for  finding  the  Thickness  of  S'andard  Rectangular  Walls,  when  the  top  of 
the  bank  s  opes  away  at  the  Ang  e  of  Repose. 


Ratios  of 

W  toW. 

1 
i 

_l. 

1  -2 

Th 

T1* 

1  .5 

_1_ 

l  -6 

— k- 

l  -8 

i  -9 

X 
2 

iff 

2-2 

jh 

A 

jh 

Angle  of 

Repose. 

K 

K 

K 

30° 

.500 

.476 

.456 

.438 

.423 

.409 

.395 

.384 

.372 

.363 

.353 

.345 

.337 

.330 

.323 

.316 

31° 

.494 

.471 

.452 

.434 

.418 

.404 

.391 

.380 

.368 

.359 

.350 

.342 

.333 

.326 

.320 

.313 

32° 

.489 

.466 

.447 

.429 

.414 

400 

.387 

.376 

.365 

.355 

.346 

.338 

330 

.323 

.316 

.309 

33° 

.483 

.461 

.442 

.424 

.409 

.395 

.382 

.371 

.360 

.351 

.342 

.334 

326 

.319 

.312 

306 

34° 

.478 

.456 

.437 

.419 

.404 

.391 

.378 

.367 

.356 

.347 

.338 

.331 

.322 

316 

.309 

.303 

35° 

.472 

.450 

.431 

.414 

.399 

.386 

.373 

.362 

.352 

.343 

.334 

.327 

318 

.312 

.305 

.299 

86° 

.467 

.445 

.426 

.409 

.395 

.382 

.369 

358 

.348 

.339 

.330 

.323 

815 

.308 

.302 

.295 

37° 

.461 

.439 

.421 

.404 

.389 

.377 

.364 

.345 

.343 

.334 

.326 

.319 

.311 

.304 

.298 

.291 

38° 

.455 

433 

.415 

.399 

.384 

.372 

.359 

.349 

.339 

.330 

.321 

.314 

.306 

.300 

294 

.288 

39° 

.448 

.427 

.409 

.393 

.379 

367 

.854 

.344 

.334 

.325 

.317 

.310 

.302 

296 

.290 

.284 

40° 

.442 

.421 

.404 

.388 

.374 

.361 

.349 

.339 

.329 

.321 

.312 

.306 

.298 

.292 

286 

279 

41° 

.435 

.415 

.397 

.382 

.368 

.356 

.344 

.334 

.324 

.316 

.307 

.301 

293 

.287 

.281 

.275 

42° 

.429 

.409 

.391 

.376 

.363 

.351 

.339 

.329 

.319 

.311 

303 

.296 

.289 

.283 

.277 

.271 

43° 

.422 

.402 

.385 

.370 

357 

.345 

.333 

.324 

.314 

.306 

.298 

.292 

284 

.278 

.273 

.267 

44° 

.415 

.395 

.379 

.364 

351 

.339 

.32^ 

.'18 

.309 

.301 

.293 

.287 

.280 

274 

.268 

.  .262 

45° 

.408 

.389 

.373 

.358 

.345 

.334 

.322 

.313 

.304 

.296 

.288 

.282 

.275 

.269 

.264 

.258 
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ance,  and  io  for  the  weight  of  a  cubic 
unit  of  the  bank,  the  resistance  of  pressure 
will  be 

h2   tan.  0tan.  2  (c  -  0) 


B 


tan. 


(B) 


in  which  the  value  (c  —  (f>)  found  above 
must  be  substituted.  When  C  D  E  is  a 
right  angle  we  shall  have 


K  =  —T-  tan.  2  t  c 


(C) 


the  equation  given  in  the  first  part  of  this 
article ;  and  that  which  holds  good  when 
the  slope  of  the  bank  is  at  right  angles  to 
the  face  of  the  wall. 

The  foregoing  tables  calculated  by  Mr. 
J.  H.  E.  Hart,  Executive  Engineer  of  the 
Bombay  Department  of  Public  Works,  are, 
by  his  kind  permission,    appended  to  this 


very   con- 
Retaining 


pamphlet,  and  will  be  found 
venient  for  the  calculation  of 
Walls. 

Knowing  the  angle  of  repose  of  the  earth 
to  be  supported,  and  the  relative  weights  of 
the  masonry  of  the  wall  and  of  the  earth 
per  cubic  unit,  a  simple  reference  to  the 
table  will  give  a  coefficient,  which  multi- 
plied by  the  height  will  give  the  requisite 
thickness.  For  example,  supposing  a  hori- 
zontal topped  bank  has  to  be  supported  by 
a  masonry  wall  of  10  ft.  high,  and  of  twice 
the  specific  gravity  of  the  earth,  the  angle 
of  repose  of  the  latter  being  35  deg. 
Under  the  fraction  J,  and  opposite  to  35 
deg.,  will  be  found  in  Table  A  the  fraction 
.212,  which  multiplied  by  10,  the  height  of 
the  wall,  gives  2.12  ft.,  the  required  mean 
thickness. 


BULES  OF  THUMB  FOR  STEAMSHIP  SPEED,  POWER,  AND  COAL, 
IN  THE  MERCHANT  SERVICE. 


From  "The  Nautical  Magazine." 


All  readers  of  the  "  Nautical "  are  inter- 
ested in  the  above  items  of  steamship  per- 
formance. It  is  proposed  to  give  in  the 
following  paper  a  number  of  simple  rules 
for  the  use  of  those  who  have  not  the  time, 
or  perhaps  the  training,  for  going  deeper 
into  the  subject ;  and  also  to  state  some  of 
the  useful  arithmetical  contractions  that 
reduce  formidable  calculations  to  a  simple 
sum  in  mental  arithmetic.  These  purely 
arithmetical  rules  are  not  new. 

The  speed  of  a  steamer  is  the  speed  of 
the  propeller,  whether  that  be  screw  or 
paddle,  less  the  slip.  For  the  speed  of  the 
propeller  we  have  the  following  rules : — 

Revolutions  per  minute  X  pitch  in  ft. 


knots  per  hour  by  screw. 


II. 


Revolutions  per  minute  X  pitch  in  ft. 


miles  per  hour  by  screw. 


III. 


Revolutions  per  minute  x  diam.  in  ft. 
82 
knots  per  hour  by  paddles. 

Revolutions  per  minute  X  diam.  in  ft. 


IV. 


28 


miles  per  hour  by  paddles. 

In  the  first  of  these  the  knot  is  taken  as 


6,000  ft.— that  is,  it  is  reduced  by  about  80 
ft.  ;  the  rule  is  only  an  approximation,  but 
it  is  what  is  generally  used  by  practical 
men.  The  second  rule  is  quite  correct ;  the 
third  supposes  about  50  ft.  taken  off  the 
knot ;  and  the  fourth  supposes  about  14  in. 
cut  off  the  statute  mile.  We  give  exam- 
ples of  these  rules  : — 

1.  A  screw  propeller  makes  74  revolu- 
tions per  minute,  its  pitch  is  18  ft.,  what  is 
the  speed  of  the  screw  in  knots  and  in  miles 
per  hour  ? 

74  74 

18  18 


592 
74 

592 
74 

1332 

8)1332 

13  32  knots. 

11)1665 
15.14  miles. 

2.  A  screw  propeller  is  22  ft.  pitch  ;  how 
many  revolutions  per  minute  must  it  make 
for  a  speed  of  screw  per  hour  of  14  knots, 
and  for  14  miles  ? 


22)1400(63  6 
132 

80 
66 

14 

88 

112 
112 

140 

22)1232(56 
110 

- 

"l3l 
132 
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Answer.  63.6  revolutions  for  14  knots,  or 
56  revolutions  for  14  miles. 

3.  A  paddle  wheel  is  28  ft.  in  diameter, 
from  centre  of  float  to  centre  of  float ;  it 
makes  26  revolutions  per  minute ;  what  is 
the  speed  of  the  floats  in  knots  and  in  miles 
per  hour  ? 


28 

28 

26 

26 

168 

168 

56 

56 

4)72£ 

4)728 

8)182 

7)182 

22%  knots.  26  miles. 

4.  A  paddle  wheel  is  meant  to  make  36 
revolutions  per  minute,  what  diameter  must 
it  be  if  the  speed  of  the  floats  is  to  be  18 
knots,  and  what  if  18  miles  per  hour  ? 


18 
32 

18 

28 

36 

54 

.  ~144 
36 

36)576(16 
36 

36)504(14 
36 

216 
216 

144 
144 

Answer.  16  ft.  diameter  for  18  knots  per 
hour,  and  14  ft.  diameter  for  18  miles  per 
hour. 

In  the  calculation  for  screw  speed  in 
knots,  we  had  100  as  a  divisor,  but  to 
multiply  or  to  divide  by  100,  is  only  to 
add  or  cut  off  two  decimal  places.  Id 
some  of  the  following  rules  we  have  similar 
divisors,  but  they  may  be  practically 
neglected,  and  the  decimal  place  always 
fixed  by  inspection.  In  the  first  example 
there  could  be  no  hesitation  as  to  whether 
it  was  1.33  or  13.3,  or  133  knots  that  was 
meant ;  and  so,  in  other  cases,  it  is  often 
convenient  not  to  burden  the  mind  with  the 
exact  number  of  ciphers  there  is  in  the 
divisor ;  and,  although  we  have  in  every 
case  given  them,  they  need  not  be 
committed  to  memory. 

The  marine  engines  in  general  use  may 
be  divided  into  three  classes :  common  en- 
gines, with  jet  condensation,  working  with 
steam  at  25  lbs.  pressure,  when  new  ;  com- 
mon engines,  with  surface  condensation 
and  separate  expansion  valves,  working 
with  steam  about  40  lbs.  pressure,  when 
new  ;  and  compound  engines,  working  with 
steam  about  60  lbs.  pressure,  when  new. 
We   will   call    these    three    classes — com- 


mon engines,  surface  condensing  engines, 
and  compound  engines  in  the  following 
rules  : — 

Eule  Y.  The  square  of  the  diameter,  in 
inches,  of  one  of  a  pair  of  surface  condens- 
ing engines,  divided  by  100,  is  the  average 
consumption  in  this  class  of  engine  in  tons 
of  coal  per  day.  The  consumption  for 
compound  engines  is  one-fifth  less,  and  for 
common  engines  one-fifth  more  than  the 
above;  that  is,  multiply  by  .8,  or  by  1.2, 
as  the  case  may  be. 

For  compound  engines  in  this  and  all  the 
following  rules,  reckon  only  the  low  pres- 
sure cylinders. 

These  are  only  "  Eules  of  Thumb,"  and 
to  introduce  any  factor  for  speed  of  pistor, 
or  other  refinements,  would  alter  their 
character,  and  defeat  the  object  we  have  in 
view  in  publishing  them.  For  very  fast 
running  pistons  the  consumption  will,  of 
course,  be  greater,  and  for  very  slo  w  mov- 
ing pistons  the  consumption  will  be  less. 

Eule  VI.  The  total  width,  in  feet,  of  all 
the  furnaces  will  be  about  the  same  as  the 
consumption  in  tons  of  coal  per  day. 

5.  A  pair  of  engines,  cylinders  30  in.  in 
diameter,  what  is  the  consumption  of  coal 
per  day  ? 

SO  X  30  =  900,  say  9  tons,  if  surface 
condensing. 

Say  9  X  1-2  =  10.8  tons,  if  common 
engines. 

JSay  9  X  -8  =  7.2  tons,  if  compound 
engines. 

6.  A  pair  of  common  engines,  56  in. 
cylinders,  how  many  furnaces,  each  about 
3  ft.  wide,  will  there  be  in  the  boilers,  and 
what  will  be  about  the  consumption  of 
coals  per  day  ? 

56  X  56  =  3.136  -f-  100  =  31.36. 

31.36  X  12  =  37-6>  say  37g  tons  P^ 
day. 

And  say  12  furnaces  each,  3  ft.  1J  in. 
wide. 

In  marine  high-pressure  boilers  the  con- 
sumption is  generally  less  than  that  given 
in  Eule  VI.,  and  is  even  sometimes  as  little 
as  14  cwt.  per  foot  of  width  for  Welsh 
steam  coal. 

7.  A  compound  engine,  one  high-pres- 
sure cylinder,  33  in.  diameter,  and  one  low- 
pressure  cylinder,  62  in.  diameter,  what  will 
be  about  the  consumption  of  coal  per  day, 
and  what  number  of  furnaces,  each  about 
3  ft.  wide,  will  be  suitable  for  the  boiler  ? 

Here  we  have  only  one  engine,  and  as 
the  rules  are  for  a  pair,  we  have  to  divide 
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by  2,  and  we  do  not  reckon  the  high  pres- 
sure cylinder. 

62  19.22 

62 


8 


124 
372 

2)3844 

1922 


5)15.376  tons. 
3.07 


Say  15^  tons  per  day  and  5  furnaces,  each 
3  ft.  1  in.  wide. 

Eule  VII.  For  a  maximum  speed  of  10 
knots  per  hour,  the  diameter  in  inches  of 
one  of  the  cylinders  of  a  pair  of  engines  is 
about  1.4-  times  the  beam  of  the  vessel  in 
feet.  If  there  is  only  one  engine,  the  diam- 
eter of  its  cylinder,  in  inches,  is  2  times 
the  beam  of  the  vessel  in  feet. 

Eule  YIII.  For  any  other  maximum 
speed  multiply  the  above  results  by  that 
other  speed,  and  divide  by  10. 

This  rule  is  not  correct  in  principle,  but 
as  the  speed  is,  generally,  not  far  from  10 
knots,  and  as  for  greater  speeds  the  engines 
generally  give  proportionately  greater  pow- 
er, this  approximation  is  frequently  not  far 
from  the  truth.  The  above  applies  to 
either  of  the  three  classes  of  engines  de- 
scribed above. 

8.  The  beam  of  a  steamer  is  38  ft,  the 
vessel  steams  12  knots  ;  about  what  diam- 
eter are  the  cylinders,  a  pair  of  engines  ? 

38  53.2 

14  12 


152 

38 

£3.2 


10)63.84 
63.84 


Say  64  in.  diameter. 

9.  A  steamer,  36  ft.  beam,  steams,  at  her 

maximum  speed,  11  knots  per  hour;  about 

what  diameter  are  the  cylinders,  a  set  of 

compounds  ? 

36  72 

2  11 


10)792 
79.2  inches. 

The  low  pressure  cylinder  will  be  about 
79  in.  in  diameter. 

Eule  IX.  The  square  of  the  beam  of  a 
vessel  in  feet  gives  the  tons  of  coal  for  a 
speed  of  10  knots  per  hour  for  40  days,  50 
days,  or  60  days,  according  as  the  engines 
are  common,  surface  condensing,  or  com- 
pound.    Welsh  steam  coal  is  meant. 


Eule  X.  For  other  speeds  multiply  the 
square  of  the  beam,  in  feet,  by  the  cube  of 
the  speed  in  knots,  and  divide  by  1,000  be- 
fore dividing  by  40,  50,  or  60  for  the  con- 
sumption per  day. 

10.  A  steamer  is  36  ft.  beam,  the  en- 
gines are  compound,  what  is  her  consump- 
tion for  a  speed  of  10  knots  per  hour  ? 


216 

108 

• 

60)1296 

21.6  tons. 

11.  A  steamer  has  common  engines,  she 
steams  11  knots  per  hour,  about  what  is 
her  consumption  per  day — the  beam  is  40 
ft.? 

11  40 

11  40 


121 
11 


1331 


1600 
1.331 

1600 
4800 
4800 
16H0 

4(0\212*9  600 


53  24  tons  per  day. 

If  with  compound  engines,  this  would 
have  been — 

6(0\212(9 

35.5  tons  per  day. 

Eule  XI.  The  length  of  a  steamer  multi- 
plied by  the  square  of  the  beam,  both  in 
feet,  divided  by  from  100  to  120,  gives 
about  the  displacement  of  the  steamer  when 
at  her  deep  load  line — say  average  HOi 

The  displacement,  and  indeed  all  the 
other  results  we  have  given,  vary  very 
much,  even  in  vessels  agreeing  in  the  di- 
mensions referred  to  by  us.  Our  rule 
supposes  that  all  we  know  of  the  vessel  is 
her  length  and  her  beam,  and  although  the 
result  cannot  be  taken  as  accurate,  the  ap- 
proximation is  often  useful. 

12.  A  steamer  is  41  ft.  beam,  433  ft. 
long,  about  what  displacement  will  she 
have  ? 

41  1681 

41  433 


41 

164 


1681 


5043 
5013 
6724 

11(0\72787(3 

6617  tons. 
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Rule  XII.  The  displacement  by  the  cube 
of  the  speed  in  knots,  divided  by  12  times 
the  length,  is  equal  to  the  indicated  horse- 
power. 

The  divisor  12  is  about  the  average  for  a 
fair  result,  but  it  varies  from  10,  or  even 
less,  up  to  14,  and,  according  to  some  re- 
turns, even  to  16.  We  doubt  whether  this 
high  result  has  ever  actually  been  obtained. 

13.  A  steamer  displaces  3,900  tons,  she 
is  335  ft.  long,  her  speed  is  9.75  knots. 
About  what  horse-power  will  she  indi- 
cate? 


3,900  X  9.75  X  9.75  X  9.75  =  3,614,500  _ 
335  Xl2= 4020      ~  8yy' 

Answer.  899  horse-power. 

In  concluding  for  the  present  our  notice 
of  these  rules,  we  have  to  explain  that  our 
object  is  not  so  much  to  give  rules  that 
will  give  results  in  strict  agreement  with 
every  example  of  steamship  performance, 
as  to  give  a  shape  to  rules  that  can  be 
modified  by  the  reader,  by  altering  the 
multiplier  or  divisor  to  be  in  accordance 
with  his  experience,  and  to  give  them  in  a 
form  so  simple  that  their  application  may 
be  more  an  amusement  than  a  tedious  cal- 
culation. 

We  shall  be  glad  to  receive  from  any  of 
our  readers  better  values  for  any  of  the 
numbers  we  have  given.  The  following  is 
a  list  of  worked  out  results,  the  data  were 
sont  in  by  a  few  friends,  and  indicate  a 
great  disparity  between  the  performances  of 


the  different  vessels.  There  is,  no  doubt,  a 
difference  in  the  manner  of  fixing  the  data ; 
the  steaming  speed  of  a  vessel  is  very 
different  as  given  by  different  observers. 
Some  will  give  the  average  speed  upon  the 
voyage  involving  the  variable  element  of 
the  effect  of  the  wind;  while  some  will  give 
the  speed  from  a  trial  trip,  as  running  be- 
tween the  Lights  on  the  Clyde.  The 
length  by  some  will  be  given  the  registered 
length,  by  others  the  length  at  load  water 
line.  The  consumption  is  always  only 
roughly  measured ;  some  include  the  coal 
used  for  cooking  and  for  steam  winches  in 
the  propelling  consumption,  while  others 
deduct  that,  and,  if  disposed  to  make  a 
very  economical  performance,  they  will  even 
knock  off  a  percentage  for  defective  weight 
in  coals  supplied  abroad.  But,  however 
these  facts  may  cast  doubt  upon  returns 
whose  details  cannot  be  verified,  they  may 
be  all  eliminated  from  any  set  of  examples 
under  one's  own  observations,  which  should 
all  be  taken  in  the  same  manner. 

In  the  following  heading  B  is  the  beam, 
to  the  speed  in  knots  per  hour,  C  is  tons  of 
coal  per  day,  L  is  length  of  vessel  as  re- 
ported, some  of  them  are  the  registered 
length,  others  the  length  on  water  line; 
H  is  the  indicated  horse-power.  The  dis- 
placement is  given  as  reported  to  us,  so  that 
our  friends  may  recognize  their  own  vessels 
and  explain  any  discrepancies  they  may  see 
in  this  comparison.  The  higher  the  num- 
bers the  better  are  the  results. 


ALL   WITH    COMPOUND    ENGINES. 


Displacement. 

B2.  K\ 

D.K* 

D.  K*  _ 

1,000.  o 

L.  C. 

L.  H. 

1,500 

42.7 

380 

10  4 

1,730 

77  4 

632 

15.1 

1,810 

77.0 

675 

10.8 

1,973 

61.5 

500 

12  7 

1,980 

33  4 

335 

8.6 

2,U10 

71  9 

691 

14.3 

2,197 

66  6 

677 

14  1 

2,175 

56.1 

541 

13  7 

2.450 

31.1 

298 

7.1 

2.720 

61  9 

576 

15.7 

3.425 

59.4 

528 

11.8 

3,890 

82  9 

837 

14  2 

3,900 

35  7 

371 

12.0 

4,2U0 

83  0 

610 

15  1 

4,870 

53  9 

552 

16.0 

5,240 

55.4 

397 

11  2 

6,480 

61  5 

570 

13.7 

6,750 

64.5 

598 

14.4 

Instead  of  as  by  the  Rules. . 

60- 

546 

12. 
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Looking  over  this  table  we  observe  that 
the  first  example  has  the  first  two  co-effi- 
cients of  performance  very  low.  This  points 
to  the  coals  as  likely  to  be  the  faulty  item, 
for  that  affects  these  two  co-efficients ; 
probably  the  coals  are  inferior  or  the  re- 
turn is  too  high,  or  possibly  the  boilers  are 
too  small  and  the  coals  waste  by  forcing 
the  fires,  or  the  engines  may  be  bad.  The 
third  co-efficient  10.4  is  not  so  exception- 
ally low  as  the  other  two.  All  the  co-effi- 
cients compare  proportionately,  5  per  cent, 
on  one  has  the  same  value  as  5  per  cent 
upon  either  one  of  the  other  two. 

When  the  number  in  the  second  column 
is  -equal  to  ten  times  the  number  in  the  first 


the   displacement   is    then    just   equal    to 
A  comparison  of  the  two  columns 


10O 

will  show  how  this  varies,  in  four  examples 
this  displacement  is  exceeded. 

In  the  example  4,870,  the  displacement 
seems  to  us  to  be  overstated,  and  hence  the 
high  value  obtained  for  the  third  co-effi- 
cient, 16.  The  same  remark  seems  to  ap- 
ply to  displacement  2,720. 

We  recommend  our  readers  not  to  be 
disappointed  should  these  rules  not  apply 
closely  to  the  examples  they  may  try,  and 
we  hope  they  will  modify  the  multipliers 
to  make  them  suit,  and  let  us  know  the 
result. 


NOTES  ON  THE  EESISTANCE  OF  BKICKS  TO  A  CKUSHING 

FOKCE. 

By  GEORGE  S.  GREENE,  Jr.,  C.  E. 
From  "  Transactions  of  Am.  Society  of  Civil  Engineers  " 


The  bricks  were  of  the  kind  used  in  the 
construction  of  the  South  Gate-House  of 
the  New  Eeservoir  in  the  city  of  New  York, 
by  Fairchild,  Walker  &  Co.,  contractors. 

The  experiments  were  made  by  Gen. 
George  S.  Greene,  at  Cornell  &  Co.'s,  Centre 
street,  September  20th,  1860,  in  Hatfield's 
hydraulic  press  for  testing  building  ma- 
terials, built  by  P.  Hoe  &  Co. 

The  bricks  were  what  are  known  as  hard 
brick,  and  manufactured  at  the  yard  of 
Wm.  Call,  Haverstraw,  on  the  Hudson 
river ;  they  are  regarded  as  average  sam- 
ples of  the  mass  of  brick  used  in  the  con- 
struction of  the  gate-house.  The  experi- 
ments were  not  made  in  the  interest  of  any 
person,  but  solely  to  determine  the  actual 
strength  of  the  brick.  In  order  to  bring 
them  within  the  power  of  the  machine,  but 
little  more  than  half  a  brick  was  used. 
The  pieces  of  brick  were  first  dressed  by  a 
stonecutter,  and  then  ground  down  on  a 
grindstone.  The  faces  exposed  to  pres- 
sure were  not  perfect  planes,  and  therefore 
a  layer  of  wood  and  sand  was  interposed 
between  the  faces  of  the  machine  and  those 
of  the  bricks. 

Dimensions  of  the  Brick  used  in  experiments,  in 
inches  and  decimals. 
Thick.   Wide.   Broad,  sq.  in. 
No.  1.— 2.30  X  3.52  X  4.40  15  488  exposd  to  pressure. 
No.  2.-2.24  X  3.50  X  4.46  15.610 
No.  3.-2  34  X  3.50  X  4.52  15.820 
No.  4.-2  34  X  3.46  X  4.46  15.4316 
No.  5.-2.30  X  3.46  x  4.50  15.570 
No.  6.-2.28  x  3  46  x  4.C6  15.916 


No.  1.— At  30,000  lbs.  (=1937  lbs.  per 
sq.  in.)  cracked  in  centre;  kept  at  50,000 
(=  3,228.3  lbs.  per  sq.  in.)  without  crush- 
ing. Brick  between  two  pieces' of  board, 
half  an  inch  thick. 

No.  2. — Had  a  layer  of  sand.  Sign  of  a 
crack  at  50,000  lbs.  (=  3,203  lbs.  per  sq. 
in.)  ;  kept  at  52,500  (=3,362  per  sq.  in.) 
for  three  minutes,  but  did  not  crush.  Crack 
did  not  extend  through  brick,  nor  was  it 
broken  into  two  parts. 

No.  3 — Crushed  to  pieces  at  43,500  lbs. 
(=  2,748.7  lbs.  per  sq.  in.);  packed  with 
sand. 

No.  4. — Packed  with  two  pieces  of  cigar- 
box  wood;  edges  crushed  off  at  30,000  lbs. 
(=  1,994.1  lbs.  per  sq.  in.). 

No.  5. — Packed  with  sand ;  cracked  at 
27,000  lbs.  (=  1,734.1  lbs.  per  sq.  in.); 
crushed  at  32,000  lbs.  (=  2,055.3  lbs.  per. 
sq.  in.).  Brick  crushed  and  cracked  in  all 
directions;  did  not  fall  to  pieces  as  did 
No.  3. 

No.  6. — Packed  in  sand ;  commenced  to 
crack  at  30,000  lbs.  (=  1,884.9  lbs.  per  sq. 
in.) ;  crushed  to  pieces  at  46,500  lbs.  (= 
2,921.6  lbs.  per  sq.  in.). 


The  State  Mineralogist  of  Wisconsin  an- 
nounces that  there  is  enough  iron  ore 
in  the  neighborhood  of  the  Black  Piver 
Falls  to  supply  the  whole  demand  of  the 
United  States  for  the  next  ten  centuries. 
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BOILER  EXPLOSIONS  * 

By  ZERAH  COLBURN. 


A  well-made  steam  boiler  cannot  be 
burst  or  torn  open  except  by  a  great  force. 
The  internal  pressure  required  to  rend 
open  a  cylindrical  boiler  may  be  approxi- 
mately calcul  ted  for  any  size  of  boiler  and 
thickness  of  plates.  With  a  boiler  3  ft.  in 
diameter,  and  10  ft.  long,  the  plates,  if  f 
in.  thick  and  riveted  in  the  ordinary  man- 
ner, oppose  at  least  65^-  sq.  in.  of  resisting 
section  to  any  pressure  tending  to  burst  the 
boiler  longitudinally  open,  or  in  the  direc- 
tion of  its  least  resistance.  A  section  of 
65^  sq.  in.  of  iron,  of  average  quality, 
would  not  yield  under  a  tensile  strain  of 
much  less  than  1,462  tons  (the  resistance 
of  the  iron  being  taken  as  50,000  lbs.  per 
sq.  in.),  and  this  amount  of  strain  could 
not  be  exerted  by  the  steam  within  a  boiler 
of  the  assumed  dimensions,  except  at  a 
pressure  of  at  least  758  lbs.  per  sq.  in. 
Such  a  boiler,  therefore,  if  worked  at  a 
pressure  of  less  than  125  lbs.  per  sq.  in., 
would  appear  to  be  beyond  all  danger  of 
explosion. 

This  very  large  apparent  margin  of 
strength  has  been  taken  by  many  as  suffi- 
cient to  justify  the  hypothesis  of  some  vio- 
lent internal  action,  at  the  instant  preced- 
ing the  actual  rupture  of  a  steam  boiler ; 
the  rupture  being  regarded  as  the  conse- 
quence of  such  action,  and  not  of  a  mere 
pressure,  which,  until  the  ruptured  parts 
are  in  motion,  can  only  act  statically.  In 
hypotheses  of  this  kind  electrical  action, 
the  detonation  of  explosive  gases  assumed 
to  be  collected  within  the  boiler,  and  the 
sudden  production  of  steam  from  water 
throwu  on  hot  plates,  have  been  variously 
assigned  as  the  causes  of  internal  concus- 
sion. Such  hypotheses  have  derived  a  cer- 
tain amount  of  probability  from  the  fact 
that  there  are  perhaps  as  frequent  instances 
of  the  quiet  rupture  of  steam  boilers  as 
there  are  of  their  violent  explosion.  A 
simple  rupture,  attended  only  by  the  loss 
of  the  steam  and  water  in  the  boiler,  can 
of  course  occur  only  (under  the  ordinary 
working  pressure)  in  consequence  of  the 
failure  of  a  particular  plate  or  seam  of  riv- 


*  This  essay,  by  the  lata  Mr.  Colburn,  was  written  some- 
thing more  than  ten  years  ago,  but  the  knowledge  afforded  by 
our  later  experiences  would  enable  us  to  add  but  little,  if  any- 
thing. That  the  essay  is  still  widely  demanded,  and  that  it 
has  long  been  out  of  print,  are  the  excuses  for  affording  it 
a  place  in  our  pages  at  the  present  time. 
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ets  ;  either  from  original  defects  in  the  ma- 
terial, imperfect  construction,  or  from  some 
injury  which  the  boiler  has  sustained  ei- 
ther at  or  before  the  moment  of  rupture. 
Such  ruptures,  being  but  rarely  attended 
by  any  serious  consequences,  are  seldom 
publicly  reported.  Their  frequent  occur- 
rence, however,  might  appear  to  exhaust 
the  explanation  by  overpressure,  so  perse- 
veringly  urged  by  Mr.  Eairbairn  and  oth- 
ers in  all  instances  of  the  violent  explosion 
of  steam  boilers. 

Without,  however,  at  present  consider- 
ing ourselves  bound  either  to  accept  or  to 
reject  the  explanation  of  steam  boiler  ex- 
plosions by  steadily  accumulated  pressure, 
we  may  consider  the  probability  or  other- 
wise of  the  various  explanations  which  as- 
sume the  sudden  production  of  great  quan- 
tities of  steam  from  water  thrown  upon  red- 
hot  plates  ;  electrical  action  ;  the  decompo- 
sition of  steam  and  detonation  of  hydrogen 
in  contact  with  air,  etc.,  etc. 

OVERHEATING. 

Although  it  is  possible  that  boilers  may 
be  exploded,  in  consequence  of  the  forma- 
tion of  a  great  quantity  of  steam  from  water 
thrown  upon  red-hot  plates,  overheating 
cannot  be  assumed  as  being  the  general 
cause  of  explosions,  which  very  frequently 
occur  where  there  is  abundant  evidence, 
both  before  and  after  the  disaster,  that  no 
overheating  has  taken  place.  Explosions 
have  happened  in  many  cases  when,  but  a 
moment  before,  the  water-gauges  indicated 
an  ample  supply  of  water ;  and,  in  such 
cases,  as  well  as  in  others,  where  there  was 
positive  evidence  as  to  the  amount  of  water 
in  the  boiler,  the  furnace- plates  have  been 
found  in  a  perfectly  sound  state,  or  at  least 
without  any  appearance  of  having  been 
burnt.  Burnt  iron  can  be  recognized 
without  difficulty,  and  the  fact  that  the 
plates  of  an  exploded  boiler  show  no  signs 
of  having  been  burnt  may  be  taken 
generally  as  proof  that  they  have  never 
been  overheated  after  having  been  made  up 
in  the  boiler  of  which  they  formed  a  part. 

Supposing,  however,  extensive  and  severe 
overheating  to  have  taken  place,  and  water 
to  be  suddenly  thrown  upon  the  heated 
plates,  it  is  doubtful  if  the  quantity  of 
steam   disengaged   would  be   sufficient  to 
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increase  greatly  the  pressure  already 
within  the  boiler.  Whoever  has  observed 
a  large  mass  of  wrought  iron,  when  plung- 
ed at  a  high  heat  into  twice  or  three  times 
its  weight  of  cold  water,  must  have  remark- 
ed how  small  a  quantity  of  steam  was 
disengaged.  There  is  reason  to  believe 
that  just  as  much  and  no  more  steam  would 
be  produced  if  the  same  weight  of  iron, 
heated  to  the  same  degree,  were  disposed 
in  the  form  of  a  boiler,  and  the  same 
quantity  of  cold  water  were  suddenly  thrown 
iuto  it.  If,  however,  the  boiler  already 
contained  a  considerable  quantity  of  water, 
heated  to  from  212  deg.  to  400  dfg.,  the 
injection  of  additional  water,  upon  any 
overheated  surface  of  the  furnace  might  be 
followed,  as  indeed,  in  such  cases,  it  often 
is,  by  an  explosion.  The  effects  produced 
upon  the  sudden  liberation  of  a  great 
quantity  of  heat,  stored  up,  under  consider- 
able pressure,  in  the  water  contained  in  a 
steam  boiler,  will  be  considered  in  another 
part  of  the  present  paper.  But  there  is,  I 
think,  sufficient  reason  to  believe  that  an 
empty  boiler,  however  much  it  may  be  over- 
heated, may  be  filled,  or  partly  filled,  with 
water  with  no  danger  whatever  of  explosion. 
Hed-hot  boilers,  I  aoi  told,  have  been  occasion- 
ally filled  in  this  way  without  any  disturb- 
ance or  consequences  of  any  kind  indicating 
a  tendency  to  explosion.  I  have  never  tried 
such  an  experiment  myself,  nor  can  I,  per- 
haps, furnish  such  authority  as  would,  by 
itself,  be  sufficient  to  establish  such  a 
fact ;  *  but  a  brief  consideration  of  some  of 
the  phenomena  of  heat  has  convinced  me 
that  it  is  a  fact.  The  actual  quantity  of  heat 
which  the  thin  metallic  sides  of  a  steam  boiler 
are  capable  of  containing,  is  not  sufficient 
to  change  a  very  large  quantity  of  water 
into  steam.  According  to  the  best  authori- 
ties, the  amount  or  total  quantity  of  heat 
which  would  raise  the  temperature  of  one 
hundredweight  (112  lbs.)  of  iron,  through 
one  degree,  would  impart  the  same  additional 


*  A  letter  appeared  in  "The  Engineer  "  of  April  3d,  1857, 
signed  "  James  Johnstone,*'  and  containing  the  following 
statement:— u  In  the  course  of  my  investigations  I  have  ob- 
tained information  that  will  be  of  use  to  your  correspondent, 
'J.  U.,  jun.,'  who,  I  perceive  by  your  last  number,  isabout 
to  fill  a  red-hot  boiler  with  water  by  way  of  experiment.  That 
has  been  done,  and  the  result  surprised  the  witnesses.  The 
boiler  was  25  ft.  long,  6  ft.  diameter,  and  the  safety-valve 
loaded  to  60  lbs.  per  sq.  in.  When  empty  and  red-hot  the 
feed  was  let  on  and  the  boiler  filled  up.  No  explosion  oc- 
curred, but  the  sudden  contraction  of  the  overheated  iron 
caused  the  water  to  pour  out  in  streams  at  every  seam  And 
rivet  as  far  up  as  the  fire-mark  extended."  In  an  editorial 
article  which  appeared  in  the  "Scientific  American  "  some- 
time in  1859,  a  similar  experiment  attended  by  the  same 
results,  was  also  mentioned.        ^ 


temperature  to  12 1  lbs.  only  of  water.  The 
quantity  of  heat  which  would  raise  the 
temperature  of  one  huared weight  of  copper 
through  one  degree  would  raise  that  of 
10^- lbs.  only  of  water  to  the  same  extent. 
Thus,  if  we  suppose  a  locoaiotive  boiler  to 
have  500  lbs.  ot  its  copper  plates  heated  to 
l,3l)0  deg.  (the  melting  point  of  copper  be- 
ing 2,160  deg.),  this  heat  would  be  sufficient 
only  to  convert  about  50  lbs.  of  water, 
already  heated  under  the  working  pressure 
to  350  deg.,  into  steam ;  the  water  being 
thrown  up,  we  may  suppose,  by  violent 
ebullition,  as  when  the  communication  be- 
tween the  boiler  and  the  steam-cylinder  of 
the  engine  is  suddenly  opened.  The  total 
heat  of  steam  is  a  little  more  than  1,200 
deg.,  although  its  sensible  temperature,  to 
which  the  copper  plates  would  be  cooled  in 
evaporating  the  water,  is  414  deg.  only  at 
275  lbs.  pressure,  which  pressure  would  cor- 
respond very  nearly  with  the  density  of  53 
lbs.  weight  of  steam  when  compressed  into  a 
steam-chamber  of  a  capacity  of  80  cubic 
feet,  as  in  the  larger  class  of  locomotive 
boilers.  And  it  must  be  understood  that 
the  whole  quantity  of  disposable  heat,  as 
assumed  above,  must  be  appropriated  by 
only  50  lbs.  of  water  (assuming  its  tempera- 
ture as  350  deg.),  in  order  that  it  may  be 
converted  entirely  into  steam.  If  this 
quantity  of  heat  be  distributed  throughout 
a  greater  quantity  of  water,  less  than  50  lbs. 
of  steam  will  be  produced,  inasmuch  as  a 
portion  of  the  heat  which  would  be  neces- 
sary to  produce  it  will  have  been  absorbed 
in  raising  the  temperature  of  the  additional 
water,  but  without  raising  it  into  steam.  It 
is  plain  enough  that  the  quantity  of  heat 
which  would  be  sufficient  ouly  to  raise  50 
lbs.  of  water  into  steam,  would  not  suffice 
for  converting  any  greater  quantity  of  water, 
of  the  same  temperature,  into  steam,  and 
hence,  with  the  quantities  now  assumed,  50 
lbs.  weight  of  steam  could  be  produced  only 
by  the  entire  appropriation  of  the  disposable 
heat,  in  the  overheated  plates,  by  oO  lbs. 
of  water,  and  by  the  complete  exclusion  of 
this  heat  from  any  additional  quantity  of 
water  admitted  at  the  same  time.  If,  there- 
fore, the  heat  of  500  lbs.  of  copper  plates  at 
1,300  deg.  of  temperature,  were  so  tar  com- 
municated to  50  lbs.  of  water  of  350  deg.  as 
to  raise  it  into  steam  of  275  lbs.  pressure 
and  414  deg.  temperature — the  plates  be- 
ing cooled  to  the  same  temperature — the 
strain,  might,  no  doubt  (added  as  it  would 
be  to  the  pressure  of  steam  existing  in  the 
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boiler  before  the  admission  of  the  water), 
burst  it  with  all  the  violent  effects  of  ex- 
plosion. If,  however,  the  situation  of  the 
overheated  surfaces  was  such  that  a  com- 
paratively large  quantity  of  cold  water  had 
to  be  admitted  in  order  to  cover  a  given 
area  of  hot  metal,  so  that,  by  the  time  the 
500  lbs.  of  copper  were  covered,  500  lbs. 
of  cold  water  had  been  brought  into  con- 
tact with  it,  no  steam  could  be  formed,  and 
the  water  would  be  raised  by  but  about 
100  deg.  of  temperature.  Any  considera- 
ble quantity  of  water  being  present,  its 
circulation  would  be  so  rapid  that  the  heat 
applied  to  it  at  the  bottom  would  be  al- 
most instantly  communicated  throughout  its 
whole  mass.  This  deduction  from  the  ac- 
cepted laws  of  heat  is  borne  out,  experi- 
mentally, in  plunging  any  weight  of  highly- 
heated  metal  into  an  equal  weight  of  cold 
water.  After  the  metal  has  ben  cooled  to 
the  temperature  of  the  water,  little  or  no 
evaporation  of  the  latter  will  be  found  to 
have  taken  place.  A  pint  claret-bottle,  the 
glass  of  which  is  by  no  means  strong,  may, 
when  filled  with  cold  water,  be  safely  held 
in  the  hand  whilst  a  red-hot  poker,  as 
large  as  can  enter  the  neck  of  the  bottle,  is 
plunged  into  the  water.  Not  only  will 
there  be  no  explosion,  but  after  the  poker 
has  been  cooled  to  the  temperature  of  the 
water,  the  latter,  when  shaken  up,  will 
have  hardly  more  than  a  blood-heat,  and 
none  of  the  water  will  be  evaporated.  If 
the  hot  iron  be  kept  from  actual  contact 
with  the  glass,  this  simple  experiment  may 
be  repeated  at  pleasure  without  even  crack- 
ing the  bottle. 

Much  has  been  said  of  the  spheroidal 
state  of  water  when  thrown  upon  heated 
plates.  It  would  appear-  that,  if  ebullition 
were  delayed  in  such  case  until  after  a  con- 
siderable quantity  of  water  had  been  ad- 
mitted, the  heat  of  the  plate  would  be  so 
far  absorbed  in  an  equal  or  greater  weight 
of  water,  that  no  explosion  of  the  latter 
into  steam  could  occur.  This  suggestion  is 
given  for  what  it  is  worth;  but  to  my 
mind  the  spheroidal  condition  of  water, 
under  the  circumstances  mentioned,  has 
long  been  an  argument  against,  rather  than 
in  favor  of,  the  probability  of  explosion. 

AYhen,  however,  the  plates  of  a  steam- 
boiler  are  burnt,  the  steam  which  may  be 
in  contact  with  them  becomes  superheated. 
Dr.  Alban,  in  his  work  on  the  high-pressure 
engine,  mentions  that,  in  his  practice,  he 
often  found  tin-soldered  joints  in  the  steam- 


pipe  melted  by  overheated  steam.  Jacob 
Perkins  heated  steam,  out  of  contact  with 
water,  to  extraordinary  temperatures,  and 
it  was  his  theory  that,  steam  being  similar- 
ly superheated  when  the  water  in  a  boiler 
is  low,  the  subsequent  agitation  of  the 
water,  from  any  cause,  instantly  produces 
a  large  additional  quantity  of  steam,  and 
sufficient  to  cause  explosion.  In  regard  to 
the  degree  to  which  steam  may  be  super- 
heated, Mr.  Longridge  has  mentioned  a 
case  in  his  experience,  a  few  years  since,  as 
Chief  Inspector  to  the  Manchester  Boiler 
Association.  In  a  boiler  on  which  the 
steam-gauge  marked  a  pressure  of  only  10 
lbs.  per  square  inch,  the  steam,  held  in  con- 
tact with  an  overheated  plate,  became  sj 
highly  superheated  as  to  completely  char  the 
wooden  lagging  of  the  boiler,  although  the 
wood  was  entirely  removed  from  any  portion 
of  the  heating  surfaces  of  the  furnaces  or 
flues.  In  a  paper  on  the  subject,  read  at 
the  Institution  of  Civil  Engineers  in  1856, 
Perkins'  theory  of  boiler  explosions  was 
reiterated  at  some  length,  and  the  writer 
(Mr.  W.  Kenible  Hall)  assumed  that  ordi- 
nary steam,  superheated  to  say  435  deg., 
would  instantly  convert  water,  thrown 
among  it,  into  steam  of  a  pressure  of  360  lbs. 
per  square  inch.  The  fact  was  overlooked, 
no  doubt,  that  75  cubic  ft.  of  steam,  at  a 
pressure  of  140  lbs.  per  square  inch,  weigh 
but  26  lbs.,  and  that  the  specific  heat  of 
steam,  at  ordinary  temperatures,  is  less 
than  one-third  that  of  water.  Thus  all 
the  heat  contained  in  26  lbs.  of  steam,  in  a 
locomotive  boiler,  supposing  the  steam 
superheated  even  to  350  deg.  above  the 
temperature  due  to  its  pressure,  could  not 
generate  much  more  than  3  lbs.  of  additional 
steam,  which  weight  of  steam,  in  the  boiler 
in  question,  would  not  raise  the  pressure, 
at  140  lbs.,  to  more  than  160  lbs.  to  the 
square  inch.  Without  pretending  to  any 
exactness  in  these  figures,  it  is  apparent 
upon  a  little  consideration,  that  the  conver- 
sion of  water  into  steam,  by  being  thrown 
up  in  a  divided  state,  into  highly  super- 
heated steam,  can  hardly  ever  be  sufficient 
of  itself  to  account  for  any  boiler  explo- 
sion.* Dr.  Alban  has  stated  that  in  some 
of  his  experiments  with  a  steam-generator, 
he  stopped  the  injection  of  water  and  kept 
the  enclosed  steam  in  contact  with  a  nietal- 


*  la  the  Repertory  of  Patent  Inventions,  Supplemc  t, 
January,  1832,  page  424,  Mr.  Thomas  Earle  gave  the  results 
ot  a  calculation  similar  to  the  ahove,  and  tending  to  disprove 
PerLiLS  Jthe  >ry,  at  that  time  being  urged. 
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He  surface  at  a  temperature  of  800  deg., 
and  yet  no  symptoms  of  an  explosion  ap- 
peared when  the  water  was  re-introduced. 
He  adds  that  a  long-continued  injection 
was  necessary  before  enough  pressure 
could  be  obtained  to  set  the  engine  at  work 
again. 

It  is,  nevertheless,  a  favorite  opinion  with 
many  engineers  that  the  presence  of  highly 
superheated  steam  within  a  boiler  is  suffi- 
cient to  account  for  the  most  violent  explo- 
sion. As  compared  with  other  current  ex- 
planations of  boiler  explosions,  it  is  per- 
haps no  disadvantage  to  the  explanation 
by  superheated  steam  that  it  is  incapable 
of  proof.  Although  any  one  may  blow  up 
a  boiler,  no  one  has  been  able  to  prove, 
either  by  experiment  or  by  calculation,  that 
superheated  steam,  decomposed  steam,  or 
even  electricity,  could  produce  such  a  re- 
sult. If,  on  the  other  hand,  we  proceed  to 
investigate  the  properties  of  steam,  under 
various  conditions,  with  such  aids  as  science 
has  placed  at  our  disposal,  we  may  satisfy 
ourselves  that  the  explanations  in  question 
are  erroneous ;  and  it  is  quite  capable  of 
proof  by  experiment  that  they  are  so.  It  is 
evident  enough  that  no  heat  can  be  genera- 
ted within  the  steam  or  water-chamber  of  a 
boiler.  All  the  heat  which  may  exist 
there  must  have  been  communicated  from 
an  external  source — that  is  to  say,  from 
the  fuel  burning  in  the  furnace.  Heat  acts 
by  its  quantity,  just  the  same  as  ponderable 
matter;  and,  so  far  as  its  effects  are  con- 
cerned, heat  is  as  measurable  as  a  solid 
body.  If  we  cannot  conceive  the  material 
existence  of  heat,  we  may  observe,  by  the 
simplest  experiment — that  of  plunging  a 
hot  poker  into  a  pail  of  water — that  a  given 
weight  of  metal,  heated  to  a  given  incandes- 
cence, will  always  impart  a  definite,  and 
the  same  elevation  of  temperature  to  a 
given  weight  of  the  cooling  or  absorbing 
medium.  The  quantity  of  heat  which  will 
raise  a  pound  of  water  through  1  deg.  of 
temperature  is  as  definite  and  invariable  as 
the  quantity  of  water  which  will  fill  a  given 
space,  or  as  the  weight,  at  any  height  of 
the  barometer,  of  the  air  we  breathe. 

No  one,  perhaps,  would  deny  these  well- 
known  truths  in  the  abstract,  and  I  must 
plead,  as  my  excuse  for  repeating  them,lthe 
general  oversight  of  such  facts  in  the  ex- 
planation of  boiler  explosions  by  superheat- 
ed steam.  Although  the  sum  of  the  sen- 
sible and  latent  heat  of  ordinary  steam  is 
not  constant  at  all  pressures,  it  is  nearly  so. 


Practically,  steam  not  superheated  cannot 
lose  any  part  of  its  heat  without  being 
more  or  less  condensed.  In  other  words, 
it  cannot  make  an  additional  quantity  of 
steam  ;  since,  to  do  so,  it  would  require  to 
possess  the  power  of  producing  and  com- 
municating an  amount  of  heat  which  it  did 
not  previously  contain.  Steam  may  be  led 
from  one  vessel  and  made  to  boil  water  in 
another,  but  this  is  only  a  transference  of 
steam,  as  all  the  steam  formed  in  the  sec- 
ond vessel  will  disappear  from  the  first, 
and  as  much  more  besides  as  was  required 
to  raise  the  water  in  the  second  to  the 
boiling  point.  With  ordinary  steam,  the 
injection  of  any  quantity  of  water,  cooler 
than  itself,  among  it,  is  attended  with  a 
partial  condensation  of  the  steam,  and  the 
elevation  of  the  temperature  of  the  water, 
but  never  by  the  production  of  additional 
steam.  The  quantity  of  heat  which  will 
raise  1  lb.  of  water  through  1  deg.  being 
termed  an  "unit  of  heat,"  about  1,150 
units  will  be  required  to  convert  1  lb.  of 
water,  at  60  deg.,  into  steam.  But  if  the 
heat  for  conversion  come  from  superheated 
steam  (and  it  must  be  superheated,  in  or- 
der to  generate  additional  'steam,  since  it 
can  part  with  none  of  its  ordinary  or  nor- 
mal heat  without  more  or  less  condensation), 
we  then  find  that,  owing  to  the  difference 
between  the  specific  heat  of  steam  and  that 
of  water,  a  p  >und  of  the  former  must  be 
superheated  by  nearly  3,500  deg.,  in  order 
to  impart  1,150  units  of  heat  to  a  pound  of 
the  latter;  at  the  same  time  maintaining 
its  own  existence  as  steam.  Considering 
that  an  ordinary  locomotive  boiler  seldom 
contains  25  lbs.  of  steam,  disengaged  from 
the  water,  and  that  even  1,000  deg.  of 
superheating  in  addition  to  from  300  deg. 
to  350  deg.,  the  ordinary  temperature  of 
the  steam,  would  be  excessive,  the  explana- 
tion by  superheated  steam  appears  suffi- 
ciently incomplete  to  warrant  its  rejection. 

The  foregoing  reasoning  upon  the  pro- 
duction of  steam  from  water  thrown  upon 
red-hot  plates  was  first  suggested  to  me  by 
Mr.  D.  K.  Clark ;  although  I  understand 
Mr.  Clark  to  hold  the  opinion  that  the 
steam  thus  produced  cannot  be  sufficient  to 
account  for  boiler  explosions.  Under  cer- 
tain circumstances,  1  believe  a  boiler  may 
be  violently  exploded  by  the  steam  thus 
formed,  and  I  think  the  explanation  by 
overheating  possesses  considerable  proba- 
bility, although  it  cannot,  of  course,  be 
adopted  in  those  frequent  cases  where  there 
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is   proof  that   no   overheating   has    taken 
place. 

ELECTEICTTT. 

The  -well-known  fact  that  steam  some- 
times exhibits  electrical  properties  on  being 
discharged  into  the  air,  no  donbt  suggest- 
ed the  electrical  hypothesis  of  boiler  ex- 
plosions. Those,  however,  who  have  adopt- 
ed this  hypothesis  are  unable  to  furnish  any 
evidence  of  the  existence  of  free  electricity 
within  a  steam  boiler.  All  our  knowledge  of 
electricity  goes  to  show  that  even  if  it  were 
developed  by  ebullition,  or  in  steam  when 
confined  under  pressure,  it  could  not  collect 
within  a  metallic  vessel,  which,  like  a  boiler, 
is  in  perfect  electrical  communication  with 
the  earth.  The  electrical  phenomena  some- 
times observed  when  steam  is  being  dis- 
charged into  the  air  are  believed  to  be 
caused  partly  by  the  friction  of  the  escap- 
ing steam  upon  the  inner  surfaces  of  the 
discharging  channel ;  whilst  it  is  possible 
that  electricity  is  also  liberated  in  the 
condensation  of  steam  in  the  open  air. 

Professor  Faraday  has  examined  with 
great  care  the  action  of  Armstrong's  hydro- 
electric engine,*  in  which  steam,  generated 
from  distilled  water  in  a  boiler  insulated 
upon  glass  supports,  produces  electricity  on 
being  discharged  through  a  peculiar  appa- 
ratus into  the  air.  The  steam  is  led  by  a 
pipe  from  the  boiler,  and  through  three  or 
more  small  passages  surrounded  with  a 
cooling  apparatus,  by  which  the  steam  is 
partially  condensed  into  drops  of  water.  In 
this  state  it  enters,  by  tortuous  passages,  a 
series  of  discharging  nozzles,  each  of  which 
has  an  internal  bushing  or  lining  of  box- 
wood. On  the  final  discharge  of  the  steam 
from  these  nozzles  into  the  air,  electricity 
is  disengaged,  and  is  collected  by  suitable 
metallic  points  connected  with  an  ordinary 
conductor.  Although  powerful  discharges 
can  be  thus  obtained,  there  is  no  evidence 
whatever  of  the  presence  of  electricity  within 
the  boiler.  Indeed  it  is  only  by  certain 
very  peculiar  arrangements  that  electricity 
is  obtained  at  all.  Professor  Faraday  found 
that  if,  instead  of  distilled  water,  ordinary 
spring  water,  containing  the  usual  propor- 
tion of  atmospheric  air,  was  employed ;  or, 
if  any  saline,  acid,  or  alkaline  substance 
capable  of  acting  as  a  conductor,  was  dis- 


*  The  hydro- electric  engine  in  the  "Conservatoire  des  Arts 
et  Metiers,"  at  Paris,  is  the  only  one  of  the  kind  that  I  have 
seen,  and  I  have  taken  the  results  of  Professor  Faraday,s  ex- 
amination of  the  machine  from  Gavarret's  "Traite  d'Elec- 
tricite,"  Paris,  1857.— Z.  C. 


solved  in  the  water  in  the  boiler,  there  was 
no  electricity  to  be  had.  Nor  did  the  con- 
ductor become  charged  unless  the  process 
of  partial  condensation  was  maintained  in 
the  ft refrigerating  box;"  and,  what  was 
more  singular,  nothing  but  box-wood 
nozzles  appeared  to  have  the  power  of 
finally  exciting  the  electrical  action  at  the 
instant  of  discharge. 

The  results  of  Professor  Faraday's  re- 
searches, as  to  the  mode  in  which  electricity 
was  produced  in  the  experiments  which  he 
made  with  Armstrong's  machine,  comprise 
the  following  facts  : — 

1.  The  production  of  electricity  is  not  due 
to  any  change  in  the  state  of  the  liquid 
contained  in  the  boiler. 

2.  A  current  of  dry  steam  produces  no 
development  ot  electricity.  The  production 
of  electricity  is  due  to  the  friction  in  the 
box-wood  nozzle  of  the  drops  of  water, 
formed  by  the  partial  condensation  of  the 
steam  in  the  refrigerating  box. 

3.  Increasing  the  pressure  of  the  steam 
increased  the  development  of  electricity  by 
increasing  the  friction  of  the  issuing  jets  of 
steam  and  water. 

4.  The  same  results  were  obtained  from 
compressed  air,  discharged  through  the 
box-wood  nozzles,  as  from  steam  discharged 
under  the  same  circumstances.  When  the 
air  was  perfectly  dry  there  was  no  develop- 
ment of  electricity ;  when  the  air  was 
humid,  and  contained  besides  a  very  little 
pulverulent  matter,  the  friction  of  discharge 
produced  electricity  in  the  same  manner 
as  when  steam  was  employed  in  the  experi- 
ments. 

It  will  be  borne  in  mind  that  with  all  the 
special  and  peculiar  conditions  requisite  for 
the  production  of  electricity  by  this  appara- 
tus, the  boiler  must  be  perfectly  insulated 
on  glass  supports.  And  although  Mr. 
Armstrong  probably  constructed  his  ma- 
chine under  the  impression  that  the  gene- 
ration of  steam  was  essential  to  the  results 
sought  to  be  obtained,  Piofessor  Faraday 
found  that  the  same  results  were  di-closed 
when  atmospheric  air,  condensed  to  the 
same  pressure  as  the  steam,  was  employed 
in  its  stead. 

It  has  been  ingeniously  argued  that 
steam  boilers  may  become  insulated  by  an 
internal  coating  of  boiler-scale.  It  ^vould 
be  necessary,  however,  that  this  scale 
should  completely  cover  every  part  of  the 
internal  surfaces  of  the  boiler,  and  even 
those  of  the  steam   pipe,  stopcock,  etc.     A 
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single  crack  in  any  part  of  this  complete 
dielectric  lining  would  liberate  any  elec- 
tricity which  might  be  contained  in  the 
steam.  Whilst  there  is  no  probability  that 
any  steam  boiler  was  ever  so  completely 
lined  with  scale,  there  is  another  fact  which 
appears  to  dispose  of  the  electrical  explana- 
t.on,  even  if  perfect  insulation  existed. 
This  fact  is,  that  water  may  be  boiled  in  a 
perfect  Leyden  arrangement  with  no  de- 
velopment of  electricity. 

Without  pursuing  the  electrical  hypothe- 
sis any  further,  we  may  observe  that  no  one 
has  yet  offered  to  explain  how  electricity, 
even  if  it  existed  in  high  tension,  would 
explode  a  steam  boiler.  And,  if  it  exist  at 
all  in  steam  boilers,  why  does  it  not  exist 
in  all  boilers  ?  And  if  in  all,  why  does  it 
not  manifest  its  presence  in  other  ways 
than  in  explosions  V  If  electricity  act  at  all 
it  must  be  by  quantity,  and  if  the  quantity 
developed  be  sometimes  sufficient  to  burst 
boilers,  we  have  a  right  to  look  for  visible, 
although  milder,  phenomena  when  the 
quantity  is  insufficient.  Yet  no  phenomena 
of  the  kind,  sufficient  to  excite  alarm,  or 
even  to  attract  attention,  are  observed. 
The  fact  is,  no  one  has  elaborated  the 
electrical  hypothesis  into  anything  like  a 
theory  of  boiler  explosions.  The  presence 
of  electricity  has  been  suggested,  and 
among  those  who  prefer  mystery,  or,  at 
least,  very  obscure  explanations,  to  circum- 
ttantial  investigation,  some  have  referred 
boiler  explosions  to  electricity. 

DECOMPOSED    STEAM. 

The  unsatisfactory  results  generally  ob- 
tained by  those  who  have  sought  to  decom- 
pose water  by  heat,  on  a  large  scale,  with 
the  view  of  applying  its  elementary  gases 
separately,  does  not  appear  to  have  pre- 
vented the  occasional  adoj)tion  of  the 
hypothesis  that,  in  certain  cases,  all  the 
steam  contained  within  a  boiler  is  decom- 
posed, and  its  hydrogen  (by  some  means 
not  easily  explained)  exploded  with  great 
violence.  That  steam,  passed  over  pure 
metallic  iron  heated  to  redness,  is  decom- 
posed is  perfectly  true,  although  the  iron 
must  retain  all  the  oxygen  separated  in  the 
operation.  With  oxidised  iron,  however, 
the  process  of  decomposition  cannot  be  con- 
tinued. This  is,  1  believe,  a  chemical  fact 
of  which  there  can  be  no  dispute.  To 
decompose  1  lb.  of  water  (or  steam,  which 
is  chemically  the  same  substance),  14.2  oz. 
o:  oxygen  must  be  fixed  by  the  iron,  and 


only  1.8  oz.  of  hydrogen  will  be  set  free. 
This  large  proportion  of  oxygen,  absorbed 
by  only  a  few  square  feet  of  overheated 
surfaces,  would  soon  form  an  oxide  of  iron 
of  sufficient  thickness  to  arrest  all  further 
decomposition,  and  all  the  hydrogen  up  to 
that  time  disengaged  would  not  amount, 
perhaps,  to  1  lb.  in  weight.  By  itself,  or 
mixed  with  steam,  hydrogen  cannot  be  ex- 
ploded, nor  even  ignited.  It  will  extinguish 
tiame  as  effectually  as  would  water. 

Upon  this  subject,  I  may  refer  to  a  re- 
port made  by  Professor  Faraday  in  May, 
1859,  to  the  Board  of  Trade,  upon  the 
liability  to  accident  consequent  upon  the 
introduction  of  an  apparatus  for  superheat- 
ing steam  on  board  the  Woolwich  steam- 
boats. In  this  apparatus  the  steam  was 
carried,  in  iron  pipes,  immediately  through 
the  furnace  and  in  contact  with  the  in- 
candescent fuel.  Professor  Faraday,  after 
having  examined  the   apparatus  at  work, 


"I  am  of  opinion  that  all  is  safe,  i.  e., 
that  as  respects  the  decomposition  of  the 
steam  by  the  heated  iron  of  the  tube,  and 
the  separation  of  hydrogen,  no  new  danger 
is  incurred.  Under  extreme  circumstances 
the  hydrogen  which  could  be  evolved  would 
be  very  small  in  quantity — would  not  exert 
greater  expansive  force  than  the  steam — 
would  not  with  steam  form  an  explosive 
mixture — would  not  be  able  to  burn  with 
explosion,  and  probably  not  at  all  if  it,  with 
the  steam,  escaped  through  an  aperture 
into  the  air,  or  even  into  the  fire-place. 

"  Supposing  the  tubes  were  frequently 
heated  over  much,  a  slow  oxidation  of  the 
iron  might  continue  to  go  on  within  ;  this 
would  be  accompanied  by  a  more  npid 
oxidation  of  the  exterior  iron  surface,  and 
the  two  causes  would  combine  to  the 
gradual  injury  of  the  tube.  But  that  would 
be  an  effect  coming  under  the  cognizance 
of  the  engineer,  and  would  require  repair 
in  the  ordinary  way.  I  do  not  consider 
even  this  action  likely  to  occur  in  any  serious 
degree.  I  examined  a  tube  which  had  been 
used  many  months  which  did  not  show  the 
effect ;  and  no  harm  or  danger  to  the  pub- 
lic could  happen  from  such  a  cause." 

Professor  Taylor,  of  Guy's  Hospital,  re- 
ported in  part,  as  fellows,  upon  the  same 
apparatus  : — 

"It  is  true  that  steam  passed  over 
pure  metallic  iron  heated  to  redness 
(1,000  deg.),  is  so  decomposed  that 
the    oxygen    is   fixed   by    the   iron    while 
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hydrogen  gas  is  liberated.  This  chemical 
action,  however,  is  of  a  very  limited  kind. 
The  surface  of  the  iron  is  rapidly  covered 
with  a  fixed  and  impermeable  1  tyer  of  the 
magnetic  oxide  of  iron,  and  thenceforth  the 
chemical  action  is  completely  arrested.  If 
the  interior  of  an  iron  pipe  has  been  already 
oxidized,  by  passing  through  it,  while  in  a 
heated  state,  a  current  of  air,  there  will 
be  no  decomposition  of  steam  during  its 
passage  through  it.  If  the  interior  of 
an  iron  pipe  were  not  thus  previously  oxi- 
dized, it  would  speedily  become  so  by  the 
oxygen  derived  from  the  air,  which  is  always 
mixed  with  steam.  Hence,  chemically 
speaking,  under  no  circumstances,  in  my 
opinion,  would  any  danger  attend  the  pro- 
cess of  superheating  steam,  as  it  is  conduct- 
ed under  this  patent. 

"  It  is  proper  also  to  state,  that  hydrogen 
is  not  explosive,  but  simply  combustible, 
and  assuming  that  it  was  liberated  as  a 
result  of  the  decomposition  of  superheated 
steam,  its  property  of  combustibility  would 
not  be  manifested  in  the  midst  of  the  enor- 
mous quantity  of  aqueous  vapor  liberated 
with  it  and  condensed  around  it.  There 
could  be  no  explosion,  inasmuch  as  hydro- 
gen, unless  previously  mixed  with  oxygen, 
does  not  explode  ;  and  oxygen  is  not  liber- 
ated ;  but  actually  fixed  by  the  iron  in  this 
process.  It  is  a  demonstrable  fact  that  the 
vapor  and  gas  evolved  under  the.  form  of 
superheated  steam,  tend  to  extinguish  flame 
and  to  prevent  combustion  from  any  other 
cause." 

Professor  Brande,  in  a  report  made  by 
him  to  the  patentees  of  the  same  apparatus, 
observes : — 

"  In  reference  to  the  question  which  you 
have  submitted  to  me,  respecting  the  pos- 
sible or  probable  evolution  of  hydrogen  gas 
and  consequent  risk  of  explosion  in  the 
processes  and  by  means  of  the  apparatus 
which  you  employ  for  the  production  of 
superheated  steam,  I  am  of  opinion  that 
t  iere  can  be  no  danger  from  such  effect ; 
that  the  temperature  to  which  the  iron  pipes 
connected  with  your  boiler  are  raised,  and 
t'ie  extent  of  the  iron  surface  over  which 
the  steam  passes,  are  insufficient  for  its 
decomposition  ;  and  that  if  the  temperature 
of  the  pipes  were  even  raised  considerably 
beyond  that  which  you  employ,  or  would  be 
able  to  attain,  a  superficial  layer  of  oxide  of 
iron  would  line  the  interior  of  the  heated 
pipes,  and  so  prevent  any  continuous  de- 
composition of  water.  Effectually  to  decom- 


pose steam,  by  passing  it  over  iron,  it  is 
necessary  that  a  very  extended  surface  of 
the  metal  (as  in  the  form  of  thin  plates  or 
iron  turnings)  should  be  used,  and  that  the 
temperature  should  be  continuously  main- 
tained at  a  bright  red  heat,  namely  at  a 
temperature  considerably  above  1,000  deg.  of 
Fahrenheit. 

"I  have  read  Dr.  Taylor's  report,  and 
entirely  agree  with  the  inferences  he  has 
drawn  as  to  the  absence  of  danger  from  the 
evolution  of  hydrogen  gas  in  practically 
carrying  out  your  process  for  the  production 
and  application  of  superheated  steam." 

The  practical  conclusions  upon  this  sub- 
ject are  the  following  : — 1.  Decomposition 
cannot  possibly  occur,  to  any  considerable 
extent,  under  any  circumstances  arising  in 
the  working  of  ordinary  steam-boilers;  2, 
If  it  did  occur,  the  hydrogen  thus  liberated 
would  have  no  access  to  oxygen,  without 
which  it  could  neither  inflame  nor  explode ; 

3,  Even  if  oxygen  were  present,  the  pre- 
sence of  steam  would  prevent  ignition ;  and, 

4,  If  oxygen  were  present,  and  no  steam 
existed  in  the  boiler,  the  hydrogen  would 
only  inflame  and  burn  silently  as  fast  as  it 
was  produced,  the  heat  for  ignition  being 
supposed  to  come  from  a  red-hot  plate. 
Under  these  accumulated  impossibilities  of 
violent  explosive  action,  the  explanation  of 
boiler  explosions  by  the  decomposition  of 
steam  is  without  any  support  whatever. 

OVEBPRESSUJRE. 

Any  pressure,  whether  gradually  or  mo- 
mentarily generated  in  a  boiler,  is  an  over- 
pressure when  it  exceeds  the  safe  working 
pressure  ;  and,  strictly  speaking,  there  must 
always  be  overpressure  whenever  a  boiler 
is  burst.  When,  however,  an  explosion 
is  said  to  have  occurred  by  overpressure,  it 
is  commonly  understood  that  the  pressure 
has  been  allowed  to  increase  gradually  up  to 
the  limit  of  the  strength  of  the  boiler,  and  if 
this  has  been  calculated  to  coi  respond  to 
a  pressure  of  700  lbs.,  for  instance  per 
square  inch,  the  actual  pressure  at  the  mo- 
ment of  explosion  is  accordingly  assumed  at 
that  moment.  Boilers  may,  perhaps,  be 
generally  capable  of  withstanding  nearly 
their  full  calculated  bursting  pressures  ;  in- 
deed, comparatively  few  boilers  do  fail  in 
!  any  way,  for  after  all,  the  number  of  ex- 
|  plosions — numerous  as  they  are — bears  but 
|  a  very  small  proportion  to  the  actual  num- 
ber of  boilers  in  use.  But  for  the  purposes 
|  of  investigation,  there  are  abundant  instan- 
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ces   of  the  quiet  rupture  of  steam  boilers 
under  ordinary  working  pressures,  so  that 
even  a  violent  explosion  does  not  absolutely 
prove  that  the  pressure  under  which  it  oc- 
curred  was   anything   like   the    calculated 
bursting   pressure    of  the    boiler.     If  the 
bursting  pressure   be    758  lbs.  per   square 
inch    it     might   not    be    difficult    to   raise 
the    steam    to    that  point   and    burst   the 
boiler.     Yet    it    is    very   improbable    that 
anything   like    a   pressure  of  758  lbs.  per 
square  inch  ever  accumulates  in    a  boiler 
intended   to  work  at   100   lbs.   or  125  lbs. 
"We  will   suppose    a  locomotive  boiler  with 
75  cubic  it.  of  water  room  containing  4,650 
lbs     of  water,  and    75    cubic  ft.    of  steam 
room  containing  23   lbs.  in  weight  of  steam 
at  a  pressure  of  120  lbs.  per  square  inch. 
To  increase  the  pressure  even  to  285  lbs. 
per  square  inch,  25 j}-  lbs.    additional  weight 
of  steam  would  have  to  be  compressed  into 
the     steam-chamber,     and    the    remaining 
4,624^   ibs.    of  water   would    have   to   be 
raised    to    850    deg.,   the    temperature   of 
steam  of  120  Its.   to  417-i-  deg.,  the  tempe- 
rature of  steam  of  285  lbs.  pressure.     The 
25 1  lbs.   of  additional  steam,  formed  from 
water   of  an  average  temperature  of  380 
ceg.,   would  have   absorbed   about   21,000 
units  of  heat,  whilst  the  elevation  of  the 
temperature  of  4,624  lbs.   of  water,  by  67-^ 
deg.,  would  require   312,120  units  of  heat. 
The  whole  heat  thus  expended  would  equal 
that  necessary  for  the  evaporation  of  about 
285  lbs.   of  water  under  a  moderate  pres- 
sure, and  this  heat  would  require  the  com- 
bustion of  at  least   32  lbs.  of  good  coke. 
Although  the  steam  gauge  of    a  locomotive 
will  often   rise   7   lbs.   or   8  lbs.   a   minute 
in  standing,  and   10    lbs.   or  even  15   lbs. 
when  a  strong  blast  is  turned  up  the  chim- 
ney when  running  with  a  light  load,  the 
steam  could  not  probably  rise  from  120  lbs. 
to    285   lbs.    in    much    less    than   twenty 
minutes  under  any  circumstances  likely  to 
occur  in  practice.     Mr.   Fairbairn  has  cal- 
culated that  with  a  certain  locomotive  boiler 
on    which   he    experimented,    43    minutes 
would   be   required  to   raise    the  pressure 
from  that  of   the  atmosphere   to  240  lbs. 
With  the  same  boiler  under  the  same  cir- 
cumstances as  in  the  first  experiment,  28 
minutes  would    be   required    to    raise   the 
pressure  from  60  lbs.  to  3U0  lbs.  per  square 
inch.       The     rapidity      with     which      the 
steam  pressure  would  rise  would  altogether 
depend    upon     the     relative     extent    and 
temperature   of     the    heating     surface    to 


the  quantity  of  water  in  contact  with 
it.  Mr.  Martin  Benson  who  has  had 
much  experience  in  the  working  of  the 
steam  fire-engines  employed  at  Cincinnati, 
United  States,  informs  me  that,  with  the 
fires  carefully  laid  with  light  combustible 
materials,  steam  has  been  raised  in  the 
boilers  of  these  engines  in  4  min.  38  sec, 
from  cold  water  to  a  pressure  of  65  lbs.  per 
sq.  in.  In  2  min.  the  pressure  has  been 
raised  from  10  lbs.  to  90  lbs.  per  sq.  in.  In 
these  boilers,  however,  the  tubes  are  first 
heated,  and  small  quantities  of  water  are 
afterwards  injected  into  them,  the  whole 
quantity  of  water  at  any  time  in  the  boiler 
rarely  exceeding  one  cubic  foot. 

The  simple  increase  of  pressure  in  a 
boiler,  either  when  at  work  or  when  stand- 
ing, must  undoubtedly  be  comparatively 
gradual — a  matter  of  some  minutes,  at  least. 
Whatever  might  cause  the  steam  gauge  to 
mount,  suddenly,  from  100  lbs.  to  the  limit 
to  which  it  is  marked,  it  is  very  certain  that 
the'  necessarily  gradual  increase  of  the  heat 
of  the  water  within  the  boiler  could  not 
produce  such  a  result.  Yet  those  who 
have  given  any  attention  to  the  subject  of 
boiler  explosions  are  -  aware  that  they  fre- 
quently occur  when,  without  any  overheat- 
ing of  the  plates,  the  pressure  stood,  but  a 
moment  before,  at  the  ordinary  working 
point.  In  the  case  of  the  locomotive  boiler 
which  exploded  in  the  summer  of  1858,  at 
Messrs.  Sharp,  Stewart  &  Co.'s,  at  Man- 
chester, the  pressure,  as  observed  upon  two 
spring  balances  and  a  pressure-gauge,  stood 
at  117  lbs.  to  118  lbs.,  a  minute  before  the 
explosion,  both  valves  blowing  off  freely  at 
the  time.  The  part  of  the  boiler  which 
exploded  was  the  ring  of  plates  next  the 
smoke-box,  out  of  the  influence  of  any  part 
of  the  fire.  The  fact,  therefore,  of  the 
violent  explosion  of  a  strongly  made  boiler 
at  117  lbs.,  is  a  proof  that  it  is  not  neces- 
sary to  assume  and  to  account  for  the  ex- 
istence of  any  pressure  about  that  point. 
On  the  5th  of  Mav,  1851,  a  locomotive  en- 
gine, only  just  finished,  burst  its  boiler  in 
the  workshop  of  Messrs.  Rogers,  Ixetchum 
&  Grosvenor,  at  Paterson,  New  Jersey, 
United  States.  I  was  upon  the  spot  but  a 
few  moments  afterwards,  and  found  the 
|  effects  of  the  explosion  to  be  of  the  most 
fiightful  character:  a  consider  able  portion 
of  the  three-story  workshop  being  blown 
down,  whilst  four  men  were  instantly  killed, 
and  a  number  of  others  were  injured,  one 
of  whom  died  soon  afterwards.     Several  of 
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the  men,  who,  although  immediately  about 
the  engine  at  the  time,  escaped  unhurt, 
unanimously  declared  that  the  safety-valves 
were  blowing  off  before  the  explosion,  and 
that  the  two  spring  balances  indicated,  but  a 
moment  before  the  crash,  a  pressure  of  but 
110  lbs.  per  sq.  in.  On  the  12th  of  Febru- 
ary, 1856,  the  locomotive  Wauregan  ex- 
ploded, after  standing  for  upwards  of  two 
hours  in  the  engine-house  of  the  Hartford, 
Providence,  and  Fishkill  Railroad,  at  Provi- 
dence, United  States.  Only  sufficient  steam 
had  been  maintained  in  the  boiler  to  enable 
the  engine  to  be  run  out  of  the  house ;  but 
at  the  time  of  the  explosion  the  engine  had 
not  been  started,  the  engine-man,"  who  was 
killed,  being  upon  the  floor,  at  the  side  of 
the  engine,  at  the  time.  The  boiler  gave 
out  in  the  ring  of  plates  next  behind  the 
smoke-box.  Destructive  explosions  often 
occur  at  pressures  of  10  lbs.  to  12  lbs.  per 
sq.  in.  in  low-pressure  boilers  ;  and  it  is  on 
many  accounts  improbable  that  anything 
like  the  calculated  bursting  pressures  of 
boilers  is  ever  reached,  even  where  the 
most  frightful  explosions  have  occurred. 
Not  only  would  the  accumulation  of  steam 
of  the  calculated  bursting  pressure  require 
considerable  time,  but  the  gauge,  if  there 
were  one,  would  soon  be  fixed  at  the  limit 
of  its  motion,  and  the  safety-valves,  if  they 
were  not  wedged  down,  would  blow  off 
with  unusual  violence.  In  the  case  of 
locomotive  engines,  which  have  no  self-act- 
ing governors,  any  considerable  increase  of 
pressure  would,  if  the  engine  were  under 
way,  quicken  its  speed,  and  cause  the  driv- 
ing wheels  to  slip  upon  the  rails  to  such  an 
extent  as  to  arrest  the  attention  of  the  en- 
gine-man. The  fact  that  he  would  have  to 
nearly  close  the  regulator,  and  keep  it 
nearly  closed,  whilst  drawing  a  load  with 
which  it  was  at  other  times  necessary  to 
ran  with  the  regulator  wide  open,  would  be 
a  significant  indication  of  the  state  of  things 
in  the  boiler. 

If  boilers  burst  only  from  overpressure, 
they  would,  of  course,  give  out  first — as,  in- 
deed, they  always  must — in  the  weakest 
part ;  say,  along  a  seam  of  rivets,  which  is 
but  about  one  half  as  strong  as  the  solid 
plate.  But,  after  one  seam  had  opened, 
the  relief  of  pressure  would  be  so  instan- 
taneous that,  without  subsequent  percussive 
action,  the  rupture  could  hardly  extend 
itself  through  solid  plates  of  nearly  twice, 
*or  even,  perhaps,  ten  times  the  strength  of 
the  part  which  first  gave  way.  The  general 


strength  of  the  solid  plates  of  a  boiler 
should  be,  and  probably  is,  from  ten  to 
twenty  times  greater  than  that  of  any  part 
so  weak  as  to  rupture,  as  is  often  the  case, 
under  the  ordinary  working  pressure.  Mr. 
Whitworth  has  made  an  experiment  upon 
one  of  his  new  cannon,  made  of  homo- 
geneous iron,  which  shows  how  a  great 
pressure  may  relieve  itself  by  a  very  small 
opening.  After  loading  one  of  his  3- 
pounders,  he  plugged  the  muzzle  so  as  to 
render  it  impossible  for  the  gun  to  dis- 
charge itself  in  the  ordinary  manner.  On 
firing  the  charge  the  piece  did  not  burst, 
but  all  the  gases  escaped  through  the 
"touch-hole."  This  severe  test  was  re- 
peated several  times.  In  the  case  of  ex- 
cessive pressure,  there  would  be  many  cir- 
cumstances to  attract  the  attention  of  the 
attendants,  whereas  explosions  more  com- 
monly occur  with  little  or  no  warning 
whatever. 

This  line  of  argument  tends,  undoubtedly, 
to  assimilate  the  conditions  of  violent  ex- 
plosion to  those  of  quiet  rupture ;  and 
although  like  causes  should  produce  like  ef- 
fects, it  may  perhaps  be  shown  that,  so  far 
as  pressure  alone  is  concerned,  either  ex- 
plosion or  simple  rupture  may  occur  in- 
differently at  one  and  the  same  actual  pres- 
sure, existing  up  to  the  moment  of  failure. 
Instead,  therefore,  of  calculating  the 
strength  of  a  boiler  from  its  diameter  and 
the  thickness  of  the  plates,  and  then  assum- 
ing that  it  can  only  burst  at  a  corresponding 
pressure,  I  shall  adopt  the  fact  of  quiet  or 
simple  ruptures  as  proving  (what  might, 
indeed,  be  taken  for  granted)  that  boilers 
are  not  always  as  strong  as  they  are  calcu- 
lated to  be  ;  and  I  shall  then  endeavor  to 
show  how  violent  explosion  may  result  in 
one  case  from  a  pressure  which  only  causes 
quiet  rupture  in  another. 

Overheating,  which  has  been  considered 
with  reference  only  to  the  generation 
of  steam  from  water  suddenly  thrown 
on  heated  plates,  and  with  reference 
to  the  decomposition  of  steam,  may  ma- 
terially reduce  the  strength  of  boiler  plate-". 
Up  to  temperatures  of  400  deg.  and  550 
deg.  boiler  plates  have  not  been  found  to  I  e 
weakened ;  indeed,  the  experiments  of  the 
Committee  of  the  Franklin  Institute  indi- 
cated a  gradual  gain  of  strength,  with  in- 
creasing temperatures,  up  to  a  certain, 
point,  and  that  the  strength  at  550  deg. 
was  equal  to  that  at  55  deg.  Mr.  Fairbairn 
finds  the  strength  diminished  one -fourth  at 
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a  red  heat ;  and  it  is  not  difficult  to  under- 
stand that,  at  a  very  high  heat,  no  reliance 
whatever  could  be  placed  upon  iron  or  cop- 
per when  subjected  to  strain.  The  furnace- 
flues  of  Cornish  boilers,  and  the  crown- 
plates  of  locomotive  boilers,  frequently  alter 
their  shape  when  overheated,  and  are  often 
continued  in  regular  work,  until  from  some 
cause — another  burning,  perhaps — they  give 
out  entirely.  Although  an  examination  of 
the  furnace-plates,  recovered  from  an  ex- 
plosion, often  shows  that  they  have  never 
been  subjected  to  an  injurious  temperature, 
overheating  must  be  taken  as  one  among 
the  various  causes  which  may  operate  to 
weaken  a  steam  boiler. 

Again,  as  it  is  considered  injurious  to  a 
boiler  to  prove  its  strength,  before  it  is  put 
under  steam,  by  a  great  hydrostatic  pres- 
sure, we  have  no  better  means  of  ascertain- 
ing its  actual  strength  than  by  inferring 
the  bursting  pressure  from  its  dimensions, 
and  from  the  thickness  and  general  quality 
of  the  plates.  Indeed,  the  actual  strength 
of  a  boiler  can  be  ascertained  only  by  a  pro- 
cess which  involves  its  destruction.  In 
other  words,  pressure  of  some  kind  must  be 
accumulated  within  it  until  it  bursts,  in  or- 
der to  know  what  amount  of  pressure  will 
suffice  to  burst  it.  A  new  locomotive  boil- 
er, of  peculiar  construction,  which  exploded 
in  October,  1856,  at  Messrs.  Bolckow  & 
Yaughan's  ironworks,  at  Middlesborough- 
on-Tees,  was  believed  to  have  been  injured 
in  a  previous  test,  by  steam  pressure  of  130 
lbs .  per  sq.  in.  Dr.  Joule,  of  Manchester, 
has  lately  called  attention  to  the  liability  to 
injury  to  which  boilers  are  exposed  under 
tests  by  steam  or  hydrostatic  pressure.  He 
proposes  a  test  employed  by  himself  with 
entire  success  for  the  last  two  years.  He 
fills  the  boiler  entirely  full  of  water,  and 
then  makes  a  brisk  fire  upon  the  grate. 
When  the  water  has  been  warmed  to  from 
70  deg.  to  90  deg.,  the  safety-valve  is  load- 
ed to  the  pressure  up  to  which  the  boiler  is 
to  be  tested.  The  rise  of  pressure  is  then 
carefully  observed  by  a  steam  pressure 
gauge  ;  and  if  the  progress  of  the  pointer 
be  constant  and  uniform,  without  stoppage 
or  retardation,  up  to  the  testing  pressure,  it 
is  inferred  that  the  boiler  has  withstood  it 
without  strain  or  incipient  rupture.  In  this 
mode  of  testing,  the  expansion  of  the  water, 
by  heat,  is  so  rapid,  that  Dr.  Joule  has 
found  the  pressure  to  rise  from  zero  to-  02 
lbs.  per  sq.  in.  in  five  minutes.  But  this 
mode  of  testing  the  strength  of  a  boiler  can- 


not, any  more  than  any  other  mode,  show 
the  strength  beyond  the  testing  pressure ; 
it  cannot  show  the  actual  strength  or  burst- 
ing pressure  of  the  boiler  except  that  be  de- 
stroyed .in  the  test.  And  although  the 
quality  of  the  materials  and  workmanship 
in  steam  boilers  may  vary  generally  within 
narrow  limits  only,  not  only  different  boil- 
ers, but  different  parts  also  of  the  same 
boiler,  are  of  very  unequal  strength.  The 
weakest  part  of  the  weakest  boiler  may  be 
almost  immeasurably  weaker  than  the 
strongest  part  of  the  strongest  boiler.  The 
material  of  which  boilers  are  made  varies 
greatly  in  strength.  In  Messrs.  K.  Napier 
&  Sons'  recent  experiments  (conducted  by 
Mr.  David  Kirkaldy)  upon  the  strength  of 
iron  and  steel,  one  sample  of  Farnley  plate 
iron  bore  a  strain  of  62,544  lbs.  per  sq.  in., 
whilst  another  sample  of  iron  from  the  same 
makers  broke  under  a  strain  of  40,541  lbs. 
per  sq.  in.  Glasgow  ship-plates  bore,  in 
one  case,  53,870  lbs.  per  sq.  in.  and  in  anoth- 
er only  82,440  lbs.  Even  Lowmoor  iron  va- 
ried in  strength  between  the  limits  of  47,- 
426  lbs.  and  57,881  lbs.  per  sq.  in.  Howev- 
er the  strength  of  iron  may  be  averaged  for 
the  general  purposes  of  the  engineer,  we 
are  never  justified  in  assuming  an  average 
or  standard  strength  for  the  particular  parts 
of  a  steam  boiler  which,  in  the  case  of 
explosion,  were  the  first  to  give  out.  The 
fact  of  explosion  is  in  itself  prima  facie 
evidence  that  these  parts  were  not  of  aver- 
age strength,  and  affords  good  ground  for 
the  presumption  that  they  were  of  only  the 
minimum  strength ;  and  the  minimum 
strength  of  iron  is  not  known,  for  however 
weak  a  given  specimen  might  be,  another 
one,  much  weaker,  might  doubtless  be 
found.  Comparatively,  few  experiments 
have  ever  been  made  upon  the  strength  of 
plates,  and  the  averages  given  by  Mr. 
Fairbairn  and  others  have  been  taken  from 
comparatively  few  trials.  Messrs.  Napier's 
experiments  were  considered  very  compre- 
hensive ;  yet  they  included  only  150 
sepecimens  of  iron  plates,  with  which 
number  the  range  of  strength  was 
from  32,450  lbs.  to  62,544  lbs.  per 
square  inch.  Mr.  Fairbairn  found  the 
strength  of  a  broken  plate,  taken  from  the 
boiler  which  exploded  at  Messrs.  Sharp, 
Stewart  &  Co.'s,  to  be  only  4.66  tons  per 
square  inch,  or  but  one-fifth  of  the  proper 
average.  It  is  presumable,  perhaps,  that  the 
strength  of  plate  iron  varies  within  as  wide 
limits  as  that  of  cast  iron,  from  wrhich  plate 
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iron  is  made,  and  upon  the  quality  of  which 
its  own  must  also  depend.  The  Government 
cast  iron  experiments  concluded  last  sum- 
mer, at  Woolwich,  comprised  850  speci- 
mens, ranging  in  strength  from  9,417  lbs. 
to  34,279  lbs.  per  square  inch,  the  average 
strength  of  all  the  specimens  being  23,257 
lbs.  It  must  be  remembered,  however, 
that  the  sample  which  bore  only  9,417  lbs. 
per  square  inch  cannot  be  taken  as  the 
weakest  which  would  occur  in  practice, 
inasmuch  as  it  was  not  selected  at  random 
from  iron  in  the  market,  but  was  one  of 
several  samples  which  had  been  contributed 
by  a  long-established  firm,  with  the  expecta- 
tion, no  doubt,  of  obtaining  the  preference 
of  the  authorities.  If  the  poorest  iron  were 
purposely  sought  for,  as  it  should  be,  in 
order  to  estimate  the  chances  of  failure, 
cast  iron  could,  no  doubt,  be  found  which 
would  not  bear  a  strain  of  3,000  lbs.  per 
square  inch;  whilst,  on  the  oth^r  hand, 
there  are  authenticated  instances  of  tests  in 
w^hich  cast  iron  did  not  yield  until  the 
strain  had  reached  45,000  lbs.  per  square 
inch. 

Apart,  also,  from  the  quality  of  the  iron, 
its  thickness  varies  greatly  in  the  practice 
of  various  makers.  In  the  United  States, 
for  example,  the  plates  in  the  waist  of  a  loco- 
motive boiler,  48  in.  in  diameter,  and  intend- 
ed to  carry  steam  of  120  lbs.  per  square  inch 
(sometimes  increased  to  160  lbs.  or.  more),  are 
i  in.  only,  although  T5g  in.  plates  are  oc- 
casionally used.  In  England,  the  thickness 
of  plates  for  such  a  boiler  is  from  |-  in.  to 
-A-  in. ;  ^-g-  in.  being  a  common  thickness.  In 
Prance  a  48-in.  locomotive  boiler,  the  pres- 
sure within  which  rarely  exceeds  120  lbs., 
is  generally  15  millimetres,  or  j6^  in.  thick. 
The  strongest  form  of  a  boiler  is  a  homo- 
geneous metal  tube,  drawn  solid,  and  of 
from  say  1^  in.  to  2  in.  diameter.  Its 
bursting  pressure  is  seldom  less  than  7,000 
lbs.  per  square  inch;  in  some  cases,  as 
much  as  15,000  lbs. 

In  working  iron  into  steam-boilers,  it  is 
commonly  supposed  that  the  loss  of  strength 
in  punching  is  proportional  only  to  the 
width  punched  out.  If,  in  a  row  of  rivet 
holes,  in  the  edge  of  a  plate  24  in.  wide, 
there  are  13  holes  of  f  in.  diameter,  the 
length  of  iron  removed  in  the  line  of  strain 
is  13  X  f  —  -9f  S(l"  m<>  or  but  about  two- 
fifths  of  the  whole  width  of  the  plate.  Mr. 
Fairbairn  has  found,  however,  that  the 
strengh  of  a  given  section  of  plate  iron,  as 
left,    after   punching,     between    two   rivet 


holes,  is  actually  less  than  the  strength 
of  an  equal  section  of  the  same  plate  before 
punching.  In  eight  experiments,  the  high- 
est strength  of  the  plate  experimented  upon 
was  61,579  lbs.,  and  the  lowest  43,805  lbs., 
per  sq.  in.,  the  average  of  the  wdiole  being 
52,486  lbs.  per  sq.  in.  But  with  the 
same  plate,  after  punching,  the  strength 
per  square  inch  of  the  metal  left  between 
the  holes  varied  between  only  45,743  lbs. 
and  36,606  lbs.,  the  average  of  seven  tests 
giving  only  41,590  lbs.  per  sq.  in.  of  the 
remaining  solid  iron,  against  52,486  lbs., 
the  strength  of  the  same  section  of  the 
same  iron  before  punching.  With  this  in- 
jury, therefore,  in  punching  the  iron,  by 
which  even  the  remaining  solid  iron  is 
weakened  by  more  than  one-fifth,  the 
strength  of  an  ordinary  single  riveted 
seam  is,  as  was  many  years  ago  ascer- 
tained by  Mr.  Fairbairn,  only  56  per  cent., 
or  a  little  more  than  one-half  that  of  the 
same  plate  tested  through  solid  iron  away 
from  the  seam.  Single  riveting  alone, 
therefore,  destroys,  upon  the  average,  44 
per  cent,  of  the  strength  of  the  weakest 
plate  wrorked  into  a  steam  boiler.  In  some 
cases,  the  injury  by  punching  may  be  much 
greater  than  was  apparent  in  Mr.  Fair- 
bairn's  experiments.  I  have  seen,  in  one 
of  the  most  extensive  engine  works  in 
France,  punched  plates  of  iron,  ^ths  in. 
thick,  in  which  there  were  cracks  from 
three  consecutive  rivet  holes  to  the  outer 
edge  of  the  plate.  As  sometimes  made  up 
(and  m  dealing  with  boiler  explosions  it  is 
our  business  to  look  for  extreme  cases),  the 
plates  are  got  together  by  the  aid  of 
"  drifts,"  and  the  iron  is  under  a  greater  or 
less  initial  strain  before  steam  is  ever 
raised  in  the  boiler. 

Apart  from  the  quality  of  the  materials, 
and  from  the  effects  resulting  from  the  or- 
dinary processes  of  securing  them  together, 
the  general  coastruction  of  a  steam  boiler 
greatly  affects  its  strength.  In  Mr.  Fair- 
bairn's  experiments  upon  the  stayed  sides 
of  locomotive  fire-boxes,  a  plate-iron  box, 
made  to  represent  the  side  of  a  strongly 
stayed  fire-box,  bore,  in  one  case,  the  enor- 
mous pressure  of  1,625  lbs.  yer  sq.  in.  be- 
fore yielding.  The  strength  of  the  sides  of 
a  locomotive  fire-box  depends,  however, 
almost  entirely  upon  the  stay-bolts  alone, 
as  without  these  the  sides  of  the  fire-box 
would  be  the  weakest  parts  of  the  whole 
boiler.  Yet  I  have  frequently  found  these 
stays  (where  made  of  wrought  iron)  to  be 
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as  brittle,  after  a  few  years'  use,  as  coarse 
cast  iron.  I  have  broken  them  off  from 
the  sides  of  old  fire-boxes,  sometimes  with 
a  blow  no  harder  than  would  be  required 
to  crack  a  peach-stone.  The  upper  stay- 
bolts  appear  to  suffer  the  most.  Their  de- 
terioration, after  long  use,  has  been  attrib- 
uted to  slight  but  repeated  bendings, 
caused  by  the  expansion  of  the  fire-box 
every  time  the  fire  is  lighted,  and  its  subse- 
quent contraction  when  the  boiler  is  again 
cooled.  Upon  this  supposition,  some  loco- 
motive makers  turn  these  bolts  to  a  smaller 
diameter  in  the  middle  of  their  lengths  than 
at  their  ends,  with  the  view  of  permitting  a 
"  spring  "  without  short  bending,  under  the 
alternating  movements  of  the  fire-box. 

Mr.  Fairbairn's  experiments  upon  the 
strength  of  iron  tubes  have,  as  is  well 
known,  disclosed  most  important  facts 
bearing  upon  their  relative  resistance  to 
internal  and  external  pressure.  Until  the 
recent  announcement  of  Mr.  Fairbairn's 
discovery  that  the  resistance  of  metal  tubes 
to  collapse  was,  within  certain  limits,  in- 
versely as  their  length,  their  strength,  or, 
more  properly  speaking,  their  weakness, 
was  generally  unknown.  One  startling 
result,  as  ascertained  from  the  experiments 
under  notice,  was,  that,  whilst  the  bursting 
pressure  of  a  boiler  7  ft.  in  diameter,  30  ft. 
long,  and  composed  of  single-riveted  *  in. 
plates,  of  average  quality,  was  303  lbs.  per 
sq.  in.,  the  collapsing  pressure  of  its  3-ft.  in- 
ternal plain  flue  of  the  same  thickness  of 
metal,  was  but  little  more  than  87  lbs.  per 
sq.  in.,  or  hardly  more  than  one-fourth  that 
required  to  burst  the  shell. 

The  steam  domes  of  locomotive  boilers 
are  sometimes  of  more  than  one-half  the  di- 
ameter of  the  barrel,  which  is  consequently 
much  weakened.  It  has  been  observed 
that  locomotive  boilers  frequently  burst 
through  the  plates  to  which  the  dome  is  at- 
tached, or  through  the  plates  immediately 
adjoining.  Locomotive  boilers,  also,  are 
occasionally,  though  not  often,  made  of  an 
oval  section,  their  vertical  diameter  being 
3  in.  or  4  in.  larger  than  the  horizontal  di- 
ameter. A  large  number  of  the  locomotives 
constructed  by  the  late  M.  Canaille  Polon- 
ceau,  at  the  Ivry  workshops  of  the  Paris 
and  Orleans  Railway,  have  oval  boilers  of 
this  kind.  Although  such  boilers  are  un- 
questionably weaker  than  when  made  of  a 
truly  cylindrical  form,  there  are  very  few 
explosions  upon  the  Orleans,  or  indeed  upon 
any  of  the  French  lines.  An  engine  explod- 


ed some  two  years  ago  at  the  Corbeil  Sta- 
tion of  the  Orleans  Railway. 

The  employment  of  angle-iron  in  the 
construction  of  many  of  the  older  locomo- 
tive boilers  involved  some  danger,  and  it  is 
doubtful  if  the  real  resistance  of  angle-iron 
to  longitudinal  cracking  is  known  at  all.  In 
Messrs.  Napier's  experiments,  last  summer, 
four  bars  of  Consett  ship  angle-iron  bore 
from  43,037  lbs.  to  54,962  lbs.  per  sq.  in. 
when  broken  by  a  strain  in  the  direction  of 
their  length.  The  process  of  manufacture 
ing  angle-iron  tries  it  most  severely,  how-> 
ever  (unless  the  iron  be  originally  of  the 
very  best  quality),  by  inducing  incipient 
cracking  along  its  length,  giving  it  a  reedy 
structure,  and  thus  inviting  the  complete 
separation  of  one  leaf  from  the  other  at  the 
bend.  Not  a  pound  of  angle-iron  has  been 
employed  for  several  years  in  the  construc- 
tion of  American  locomotive  boilers,  and  as 
far  as  I  am  aware  the  French  locomotive 
makers  have  abandoned  its  use.  All  the 
angular  junctions  in  the  outer  shells  of 
American  locomotive  boilers  are  rounded 
with  an  easy  curve  of  seldom  less  than  4 
in.  radius.  The  square  corners  made  in  the 
inside  fire-box  plates,  which  are  almost  al- 
ways of  iron,  require  the  very  best  quality 
of  metal  of  a  thickness  of  not  more  than  T7 
in.,  whilst  the  usual  thickness  is  only  \  in. 
I  have  frequently  seen  what  was  considered 
to  be  a  good  quality  of  -|  in.  plate  cracked 
completely  in  two  under  the  attempt  to  bend 
it  to  a  square  corner. 

The  defects  originally  existing  in  a  plate 
of  iron  are  occasionally  discovered  after  its 
failure  has  produced  a  violent  explosion. 
The  freight  engine  Vulcan,  employed  upon 
the  Buffalo  and  Erie  Railroad,  U.  S.,  burst 
its  boiler  with  terrific  violence  in  August, 
1856.  Although  the  engine  was  one  of 
three  which  had  been  built,  as  was  believ- 
ed with  unusual  care,  one  of  the  broken 
plates,  afterwards  recovered,  exhibited  a 
flaw  24  in.  long.  The  plate  which  first  gave 
way  formed  a  part  of  the  outer  fire-box  and 
extended  to  the  dome,  the  24  in.  opening 
for  which  was  an  additional  abstraction 
from  the  strength  of  the  structure.  The 
upper  part  of  the  fire-box  was  blown  com- 
pletely off  to  one  side,  and  the  engine  was 
thrown,  bodily,  25  ft.  to  the  other  bide,  and 
into  a  ditch. 

The  case  of  the  engine  Vulcan  illustrates 
that  of  many  others  where  explosions  have 
occurred  in  consequence  of  a  congenital  de- 
fect, after  the  boiler  had  been  lor  a  consid- 
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erable  time  at  work.  It  would  be  natural 
to  ask  why,  if  a  boiler  be  originally  defec- 
tive, it  does  not  explode  the  first  time  it  is 
brought  under  steam  ?  How  can  the  final 
explosion  be  delayed  one,  two,  or  even  ten 
years,  when,  all  along,  a  hidden  flaw,  a 
broken  rivet,  or  a  rotten  plate  existed  in  the 
boiler;  and'  whilst  explosion,  therefore, 
must  have  been  constantly  impending 
under  an  almost  perfect  equilibrium  be- 
tween strain  and  resistance  ?  Does  the 
strength  of  the  boiler,  after  it  has  been 
completed,  deteriorate  rapidly  by  use? 
Mr.  William  Shaw,  Jr.,  of  the  Tow-lane 
Ironworks,  Durham,  wrote  to  "  The  Engi- 
neer "  newspaper,  under  date  of  15th  De- 
cember, 1856,  stating  that,  whilst  he  had 
20  high-pressure  boilers  under  his  inspec- 
tion, he  had  found  fibrous  iron,  after  a  few 
years'  use,  to  become  crystallized,  and  as 
britt'e  as  blister  steel.  On  the  other  hand, 
Mr.  Samuel  J.  Hayes,  formerly  Master  of 
Machinery  of  the  Baltimore  and  Ohio 
Railroad,  U.  S.,  and  now  holding  a  similar 
appointment  upon  the  Illinois  Central 
Railroad,  at  Chicago,  111.,  U.  S.,  has 
informed  me  that  he  tested  some  of  the 
plates  of  a  boiler  which  exploded  at  Balti- 
more, in  1852,  after  15  years'  service,  and 
that  the  iron  bore  an  average  tensile  strain 
of  60,000  lbs.  per  sq.  in.  before  yielding.  It 
is  doubtful  if  the  iron  in  a  steam  boiler  al- 
ters its  condition  except  by  over-heating ; 
although  certain  parts  of  the  boiler  may 
sustain  injury  from  alternate  expansion  and 
contraction.  Mr.  Frederick  Braithwaite 
read  a  paper,  some  time  ago,  before  the 
Institution  of  Civil  Engineers,  upon  the 
"  Fatigue  of  Metals,"  in  which  paper  iron 
was  assumed  to  lose  its  strength  under  long 
continued  strain.  I  cannot  enter  here  upon 
the  conclusions  of  the  paper  in  question, 
but  I  may  refer  to  an  experiment,  made,  I 
believe,  by  Mr.  Fairbairn,  wherein  a  cast- 
iron  column  was  loaded  with  .97  of  its  es- 
timated breaking  weight,  which  weight 
was  supported  for  six  months,  when  the 
column  broke.  It  is  evident  enough  that  a 
steam  boiler,  especially  a  locomotive  boiler, 
is  exposed  to  constant  influences  tending  to 
weaken  it ;  and,  apart  from  all  reasoning 
under  this  head,  the  fact  of  the  frequent 
quiet  rupture  of  steam  boilers,  sometimes 
after  several  years'  steady  work,  is  a  suffi- 
cient proof  that  local  defects,  whether  ori- 
ginal or  produced,  may  exist  for  a  long 
tune  before  tho  actual  failure  of  the  defec- 
tive parts. 


With  regard  generally  to  failures  result- 
ing from  an  inferior  quality  of  materials  or 
workmanship,  or  from  improper  construc- 
tion or  management,  it  may  be  said  that 
whereas  but  one  explosion  occurred  in  the 
year  1859,  among  the  1,618  boilers  under 
the  care  of  the  Manchester  Boiler  Associ- 
ation, no  less  than  14  boilers  were  found  to 
be  in  a  "  dangerous  "  condition,  and  100  in 
an  "  unsatisfactory "  condition  from  the 
fracture  of  plates  ;  at  least  one  boiler  out  of 
every  fifteen  under  inspection  having  ex- 
hibited an  injury  of  that  kind  in  a  single 
year.  But  for  the  admirable  system  of 
boiler-inspection  pursued  in  Manchester 
(and  more  recently  adopted  at  Hudders- 
field),  the  larger  number  of  these  injuries 
would  have  remained  undiscovered,  and 
instead  of  one  explosion  there  might  have 
been  twenty. 

Corrosion  sometimes  goes  on  entirely  un- 
suspected. In  a  boiler  which  recently  ex- 
ploded at  Tipton,  considerable  breadths  oi 
the  iron  were  found  to  have  been  reduced 
in  thickness  to  -^th  in.  In  the  case  of  the 
explosion  of  a  boiler  at  the  Clyde  grain 
mills,  at  Glisgow,  in  April,  1856,  extensive 
breadths  of  the  iron  were  said  to  have  been 
reduced  to  the  thickness  of  a  sixpence ;  and 
in  the  disastrous  explosion  which  occurred 
in  August  of  the  same  year,  at  Messrs. 
Warburton  &  Holker's,  at  Bury,  the 
evidence  showed  that  the  bottom  plates  had 
been  reduced  for  a  greater  or  less  width  to 
only  y1^  in.  in  thickness.  In  the  year  1859 
there  were  reported  44  cases  of  "  dangerous, " 
and  153  cases  of  "  unsatisfactory  "  corrosion, 
among  the  1,618  boilers  under  the  inspec- 
tion of  the  Manchester  Boiler  Association. 
Thus  there  was  nearly  one  case  of  corrosion 
in  every  eight  boilers,  in  a  single  year. 

All  these  facts,  it  will  be  observed,  sup- 
port the  probability  of  explosion  at  nearly 
the  ordinary  working  pressures.  And,  in 
the  majority  of  cases,  I  believe  it  may  be 
correctly  assumed,  in  the  absence  of  positive 
evidence  to  the  contrary,  that  an  exploded 
boiler,  although  to  all  appearance  perfect 
up  to  the  moment  of  rupture,  contained 
some  hidden  defect.  The  fact  of  explosion, 
except  under  very  peculiar  circumstances, 
appears  to  be  a  better  evidence  of  a  defect 
in  the  boiler  than  of  the  previous  existence 
of  anything  like  a  calculated  bursting  pres- 
sure of  steam  ;  such  as  500  lbs.  or  600  lbs. 
in  a  boiler  made  to  work  at  100  lb3.  per 
sq.  in. 

If,  however,  boilers  of  the  full  calculated 
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strength  have  ever  been  burst  by  gradually 
accumulated  pressure,  it  would  be  the 
easiest  thing  possible  to  prevent  the  recur- 
rence of  such  disasters.  If  one  or  two 
safety-valves  are  sufficient,  under  ordinary 
circumstances,  to  liberate  the  steam  as  fast 
as  it  m::y  be  generated  in  the  boiler,  three, 
four,  or,  certainly,  half-a-dozen  equally  large 
safety-valves,  all  blowing  off  at  just  above 
the  ordinary  working  pressure,  and  all  act- 
ing independently  of  each  other,  would 
effectually  prevent  all  chance  of  overpres- 
sure If  the  explanation  by  overpressure, 
so  persistently  urged  by  Mr.  Fairbairn,  be 
the  true  explanation,  boiler  explosions  may 
be  entirely  prevented,  even  where  the  at- 
tendants are  guilty  of  the  grossest  careless- 
ness. For  with  a  sufficient  area  of  effective 
safety-valve  opening,  it  would  be  absolutely 
impossible,  under  the  hardest  firing,  to  raise 
the  pressure  20  lbs.  above  the  point  at 
which  the  valves  had  been  set  to  blow  off. 
Safety-valves  are  simple,  and  comparatively 
inexpensive  appliances,  and  they  should  be 
so  fitted  as  to  leave  no  doubt  of  their  effi- 
ciency. Hawthorn's  annular  safety-valve, 
when  its  area  is  properly  proportioned  to 
the  evaporative  power  of  the  boiler,  ren- 
ders any  accumulation  of  pressure  above  the 
safe  working  limit  quite  impossible.  Upon 
the  locomotives  of  some  of  the  Austrian 
railways,  Bailee's  12-in.  safety-valves,  held 
down  by  volute  springs  pressing  directly 
upon  the  valve,  are  in  use.  In  a  trial  made 
in  Vienna,  to  ascertain  the  discharging 
power  of  this  kind  of  valve,  the  fire  in  a 
locomotive  fire-box  was  urged  by  a  jet  of 
steam  in  the  chimney,  the  engine  being  at 
rest,  and  80  cubic  ft.,  or  2\  tons,  of  water 
were  evaporated  in  one  hour  and  discharged, 
in  the  form  of  steam,  from  the  safety-valve. 
Although  originally  loaded  to  64  lbs.,  the 
valve  did  not  rise,  during  the  experiment, 
above  a  point  corresponding  to  a  pressure 
of  76  lbs.  per  sq.  in.  The  relief  of  pressure 
depends  entirely  upon  the  extent  of  safety- 
valve  opening,  supposing  the  valves  to  be 
in  working  order.  Since  the  recent  ex- 
plosion of  a  locomotive  boiler  on  the  Lewes 
branch  of  the  Brighton  Eailway,  Mr.  Cra- 
ven, the  locomotive  superintendent,  has  ex- 
pressed his  intention  of  applying  three 
safety-valves,  of  the  usual  size,  to  each  of 
his  engines.  Whilst  it  would  be  quite 
possible,  with  a  boiler  unprovided  with 
safety-valves,  or  of  which  the  valves  were 
inoperative,  to  produce  an  explosion  by 
overpressure,  it  would  be  equally  impossible 


to  do  so  when  these  outlets  from  the  boiler 
were  equal  in  discharging  capacity  to  its 
evaporative  power.  The  fact  of  explosion 
by  sheer  overpressure  is  a  proof,  simply, 
that  the  safety-valves  were  either  inopera- 
tive or  of  insufficient  size. 

EXPLOSION    AT    OBDIXAHY  PRESSURES. 

If  an  iron  cylinder  be  burst  by  hydrosta- 
tic pressure,  the  broken  parts  are  not 
projected  into  the  air.  The  pressure  being 
relieved  by  the  rupture  of  the  iron,  it 
ceases  to  act  before  the  ruptured  parts  can 
acquire  momentum.  In  the  case  of  a  loco- 
motive boiler  bursting  with  only  75  cubic 
ft.  of  steam,  of  a  pressure  of  140  lbs.  per 
square  inch,  there  would  be  a  considerable 
expansive  action  alter  the  plates  were  rent 
open.  But  this  amount  of  steam,  if  ex- 
panded 685  cubic  ft.,  equal  to  the  volume 
of  a  sphere  11  ft.  in  diameter,  before  its 
pressure  was  reduced  to  that  of  the  atmo- 
sphere, could  hardly  produce  any  very  vio- 
lent effects.  So  much  of  it  would  escape 
on  the  first  opening  of  a  seam  of  rivets,  or 
other  outlet,  that  a  great  part  of  the  steam 
would  be  gone  before  the  parts  of  the 
boiler  could  be  completely  separated.  The 
range  of  action  of  this  amount  of 
steam  would  also  be  comparatively  short, 
as  it  would  have  to  expand  only  about  nine- 
fold before  all  its  expansive  power  would 
be  gone.  It  is  altogether  improbable  that, 
if  steam  only,  of  140  lbs.  to  the  square  inch, 
were  let  into  a  close  vessel  calculated  to 
burst  at  that  pressure,  the  explosion  would 
have  the  violence  of  a  boiler  explosion  un- 
der the  usual  circumstances.  The  laws  of 
expansion  of  compressed  air  are  nearly  the 
same  as  those  of  steam,  and  vessels  em- 
ployed in  pneumatic  apparatus  are  occasion- 
ally exploded,  with  an  audible  report  and  a 
smart  shock,  it  is  true,  but  without  that 
terrible  energy  in  which  steam  boiler  ex- 
plosions so  much  resemble  the  explosion  of 
gunpowder.  Steam  cylinders  sometimes 
fail ;  generally,  however,  from  the  concus- 
sion of  the  piston  against  water  collected  in 
the  cylinder ;  but  in  such  cases,  with  steam 
of  nearly  the  full  boiler  pressure,  and  al- 
though the  cylinder  is  formed  of  brittle  cast 
iron,  the  broken  parts  are  not  projected 
violently  away.  In  order  to  project  bullets 
by  steam,  Jacob  Perkins  employed  pres- 
sures of  from  300  lbs.  to  950  lbs.  per 
square  inch,  whilst  one  ounce  of  fine  pow- 
der, to  the  detonation  of  which  steam  boiler 
explosions    are     so    frequently   compared, 
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will  project  a  24  lbs.  ball  300  yards ;  225 
yards  being  the  least  range,  in  such  a  proof, 
at  which  the  powder  is  received  into  the  sei- 
vice.  Bat  whatever  may  be  the  force  of 
steam  acting  by  itself,  the  sudden  libera- 
tion of  the  heat,  stored  up,  under  pressure, 
in  a  considerable  quantity  of  water,  as  in  a 
boiler  explosion,  would  develop  an  addi- 
tional force.  If,  upon  investigation,  this 
force  appears  to  be  sufficient  to  account  for 
the  violent  explosion  of  steam  boilers,  after 
rupture  has  once  commenced,  in  consequence 
of  defective  material  or  construction,  and,  as 
we  may  suppose,  under  an  ordinary  pressure, 
we  shall  not  need  to  assume  and  to  account 
for  the  existence  of  extraordinay  pres- 
sures like  those  with  which  Mr.  Perkins 
experimented.  If  we  consider  heat  as  the 
source  of  power,  and  that  the  action  of 
heat  upon  matter  is  always  attended  by  the 
production  of  power,  we  shall  be  enabled  to 
form  a  tolerable  idea  of  the  force  concealed 
in  a  large  body  of  highly  heated  water. 
The  mechanical  theory  of  heat  has  now  at- 
tained such  general  acceptance,  that  it  is 
sufficient  to  bear  in  mind  that  the  "  unit  of 
heat,"  or  the  total  quantity  of  heat  capable 
of  raising  the  temperature  of  one  English 
pound  of  water  through  one  degree  of  the 
Fahrenheit  scale — or,  which  is  the  same 
thing,  that  of  100  lbs.  of  water  through  .01 
of  a  degree,  or  .01  lb.  of  water  through  100 
deg. — that  this  quantity  of  heat,  independ- 
ently of  the  medium  through  which  it  is 
exerted,  possesses  the  same  amount  of  pow- 
er as  would  be  required  to  raise  772  En- 
glish pounds  through  a  space  of  one  Eng- 
lish foot,  or  1  lb.  through  772  ft,  or  772 
foot-pounds.  If  the  addition  of  one  degree 
of  temperature  to  one  pound  of  water  be  an 
addition  of  such  a  force,  the  addition  of  100 
deg.  to  10,000  lbs.  of  water  is  an  addition  of 
1,000,000  times  the  same  force.  In  actual 
practice,  the  combustion  of  a  pound  of  coal 
imparts  to  the  water  in  a  steam  boiler  about 
10,000  units  of  heat,  equal  to  the  evapora- 
tion of  8  lbs.  or  9  lbs.  of  water  of  ordinary 
temperature ;  and  as  in  ordinary  working, 
and  under  many  losses  and  disadvantages, 
a  pound  of  coal  exerts  about  one-fourth  of 
one  horse  power  for  one  hour,  or  15  horse 
power  for  one  minute,  or  900  horse  power 
for  one  second,  the  heat  stored  up  in  10,000 
lbs.  of  water,  in  raising  it  through  100  deg. 
of  temperature,  is  ^practically  and  actually 
equal  to  25  horse  power  exerted  for  one 
hour,  or  1,500  horse  power  exerted  for  one 
minute,  or  90,000  horse  power  exerted   for 


one  second  !  The  heating  of  10,000  lbs.  of 
water  through  100  deg.  of  temperature  rep- 
resents but  a  small  part  of  the  heat  contain- 
ed in  an  ordinary  steam  boiler  ;  yet  it  prac- 
tically requires  the  combustion  of  100  lbs.  of 
coal  to  effect  it,  and  the  heat  imparted  is 
equal  to  that  expended  in  the  conversion  of 
about  870  lbs.  of  water,  of  ordinary  tempe- 
rature, into  steam.  In  a  boiler  explosion 
the  contained  heat  is  all  disengaged  in  per- 
haps one   or  two  seconds. 

Recurring  to  the  locomotive  boiler,  with 
75  cubic  ft.  of  water  space  and  75  cubic  ft. 
of  steam  space,  the  corresponding  weight  of 
water  would  be  4,650  lbs.,  whilst  the  steam, 
even  at  140  lbs.  pressure,  would  weigh  only 
26  lb3.  The  temperature  of  this  steam,  how- 
ever, which  is  the  temperature  also  of  the 
water  from  which  it  is  formed,  is  361  deg., 
and  the  water  is  heated  therefore  149  deg. 
above  the  temperature  at  which  it  would 
produce  steam,  in  the  open  air,  of  atmos- 
pheric pressure.  Water  could  only  be 
lieated  to  this  temperature  by  being  con- 
fined under  a  corresponding  pressure,  and 
if,  when  the  water  has  been  so  heated,  the 
pressure  is  removed,  the  water  cannot  re- 
main in  its  original  condition  as  water 
merely,  but  a  part  of  it  becomes  immediate- 
ly converted  into  steam.  4,650  lbs.  of  wat- 
er, heated  to  361  deg,  contains  as  much 
heat,  or  as  many  "  units  of  heat,"  over  and 
above  the  heat  at  which  it  gives  off  steam 
of  atmospheric  pressure,  as  are  contained  in 
577  lbs.  of  steam  of  a  total  temperature  of 
1,200  deg.  It  is  fair  to  presume,  therefore, 
that  upon  the  sudden  liberation  of  the 
pressure  under  which  4,650  lbs.  of  water 
had  been  heated  to  361  deg.,  about  577  lbs. 
of  it  would  be  immediately  converted  into 
steam.  This  quantity  is  more  than  twenty- 
two  times  greater  than  that  of  the  steam 
originally  contained  in  75  cubic  ft.  of  space, 
and  at  a  pressure  of  140  lbs.  per  sq.   in. 

If  we  suppose  a  considerable  rup- 
ture of  any  part  of  the  boiler,  any- 
where above  the  water-line,  the  steam 
already  formed,  would  rush  out  with  a  ve- 
locity at  first  of  about  2,000  ft.  per  second, 
Before  the  heat,  contained  in  the  water, 
could  so  far  overcome  the  inertia  of  the 
water  as  to  disengage  additional  steam,  the 
upper  part,  or  steam  space  of  the  boiler, 
might  be  nearly  emptied.  The  steam  which 
would  inevitably  rise  from  the  water  would 
thus  strike  at  a  very  great  velocity  upon  the 
upper  part  of  the  boiler,  and  no  doubt,  as 
Mr.  D.  K.  Clark  has  suggested,  in  a  com- 
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munication  to  the  "Mechanics'  Magazine," 
of  10th  February,  I860,  the  steam  carries  a 
great  quantity  of  water  with  it.  In  some  of 
V\e  earlier  locomotives,  having  a  deficiency 
of  steam  room,  the  partial  removal  of  the 
pressure  from  the  water,  by  opening  the 
regulator  or  "  throttle,"  was  attended  by  a 
rise  of  the  water  to  the  extent  of  from  8  to 
10  in.  But  whilst  this  result  attended  the 
removal  of  perhaps  ,*„  of  the  superincum- 
bent pressure,  its  sudden  and  entire  remo- 
val would  cause  a  tremendous  blow  to  be 
discharged — whether  by  the  steam  alone  or 
by  the  combined  steam  and  water — upon 
the  sides  of  the  boiler,  sufficient,  no  doubt, 
not  only  to  extend  the  rupture  already  ex- 
isting, but  to  completely  rend  the  boiler  in 
two  or  more  parts.  In  the  case  of  the  ex- 
plosion at  Birmingham,  on  the  5th  March, 
1857,  of  engine  No.  175,  belonging  to  the 
Midland  Eailway  Company,  the  boiler  was 
broken  into  17  pieces.  These  effects  would 
follow  when  the  boiler  had  ruptured,  in 
consequence  of  some  defect  in  its  structure, 
under  a  moderate  working  pressure,  as  well 
as  under  such  immense  pressures  as  are 
commonly  assumed  in  cases  of  violent  ex- 
plosion. There  is  reason  to  believe  that 
steam  alone,  striking  at  a  great  velocity 
upon  a  solid  surface,  can  discharge  a  violent 
blow,  in  addition  to  whatever  effect  it  may 
produce  by  its  pressure  when  at  rest.  Mr. 
D.  K.  Clark  has  mentioned  to  me  that 
where  he  had  applied  an  indicator  to  a  loco- 
motive cylinder  in  which  there  was  little  or 
no  compression,  the  sudden  admission  of 
steam  through  a  large  steam-port  not  only 
carried  the  pencil  of  the  indicator  above  the 
point  corresponding  with  the  highest  pres- 
sure in  the  steam  chest,  but  a  positive  blow 
was  discharged  upon  the  finger  when  placed 
upon  the  pencil  holder  of  the  indicator. 
The  same  gentleman  h-is  mentioned  to  me 
also  a  fact  which  has  been  observed  in  the 
working  of  the  Cornish  engines,  where 
steam  of  moderately  high  pressure  is  ad- 
mitted into  large  cylinders,  sometimes  100 
iu.  in  diameter.  The  cylinder  covers  are 
found  to  "  spring  "  with  each  admission  of 
steam,  indicating  a  smart  shock  in  addition 
to  the  pressure,  which,  after  the  piston  has 
commenced  its  stroke,  can  only  act  statically 
upon  the  cylinder  cover.  Some  years  ago, 
and  before  the  days  of  steam  gauges,  one 
Signor  Morosi  maintained  the  extraordina- 
ry opinion  that  on  the  stoppage  of  the  pis- 
ton at  each  end  of  its  stroke,  the  whole 
force  of  the  steam  was  so  violently  stopped 


in  its  motion  as  to  strike  back  forcibly  into 
the  boiler,  like  the  water  in  the  hydraulic 
ram,  impinging  as  would  a  solid  body  upon 
the  boiler  plates.*  The  percussive  action 
of  steam  is  certainly  not  so  great  as  this ; 
for  it  is  only  when  steam  strikes  through 
an  intervening  space  upon  an  unyielding 
surface  and  with  a  velocity  of  several  hun- 
dred feet  per  second,  that  it  can  be  consid- 
ered to  act  with  any  amount  of  percussion 
worth  mentioning,  and  not  when  reacting 
(if  indeed  it  did  react)  against  a  large  body 
of  steam  within  a  boiler,  and  at  the  slow 
speed  of  a  steam-engine  piston,  gradually  ex- 
tinguished as  its  motion  is  at  each  end  of  its 
stroke.  And,  of  course,  upon  Signor  Moro- 
si's  notion,  the  boiler  should  explode,  if  at 
all,  when  the  engine  makes  its  first  stroke. 
In  practice,  the  steam  gauge,  which  has 
since  come  into  general  use,  is  found  to  in- 
dicate a  constant  pressure  without  refer- 
ence to  the  changing  of  the  strokes  of  the 
piston,  excepting  where  the  steam  room  of 
the  boiler  is  very  much  too  small. 

But  the  momentum  of  the  combined 
steam  and  water,  discharged,  as  Mr.  Clark 
has  suggested  in  his  communication  already 
referred  tof,  would  probably  be  sufficient  to 
overcome  the  resistance  of  the  material  of 
the  boiler  and  to  rend  it  open,  not  only 
along  seams  of  rivets,  but,  as  is  ofteu  the 
case,  through  solid  iron  of  the  strongest 
quality.  The  velocity  with  which  the  steam 
and  water  would  strike  would  depend  upon 
the  extent  to  which  the  steam-space  of  the 
boiler  had  been  emptied  of  steam,  before 
the  inertia  of  the  boiler  had  been  overcome 
by  its  contained  heat.     The  water  carried 

*  Dr.  Alban  on  the  "High-pressure  Steam-engine,"  transhi. 
ted  by  Wm.  Pole  (p.  27).  London:  Weale,  184$. 

t  "  The  following  is  a  copy  of  Mr.  Clark's  letter  : 

TO  THE  EDITORS  OF  THE  "MECHANICS'  .MAGAZINE." 

11  Adams  street,  Adclphi,  London,  Feb.  9,  1860. 

Gbntleme*, — I  have  within  the  last  few  months  given  some 
attention  to  the  subject  of  boiler  explosions — their  causes,  and 
their  rationale.  I  observe,  in  the  discussions  that  have  ap- 
peared in  contemporary  papers,  tnat  the  percussive  force  <>f 
the  steam  suddenly  disengaged  from  the  heated  water  in  a 
boiler,  acting  against  the  material  of  the  boiler,  is  adduced  in 
explanation,  and  as  the  cause  of  the  peculiar  violence  of  the 
result  of  explosion. 

Now,  gentlemen,  a  little  calculation  would  show  that  the 
percussive  force  of  steam  is  not  capable  of  causing  such  de- 
structive results  as  are  occasionally  produced;  and  1  beg  leave 
to  suggest  that  the  sudden  dispersion  and  projection  of  the 
water  in  the  boiler  against  the  bounding  surfaces  of  the  boiler 
is  the  great  cause  of  the  violence  of  the  results:  the  dispersion 
being  caused  by  the  momentaiy  generation  of  steam  through- 
out the  mass  of  the  water,  and  its  efforts  to  escape.  It 
carries  the  water  before  it,  and  the  combined  momentum  of 
the  steam  and  the  water  carries  them  like  shot  through  and 
amongst  the  bounding  surfaces,  and  deforms  or  shatters  them 
in  a  manner  not  to  be  accounted  for  by  simple  overpressure 
or  by  simple  momentum  of  steam . 

Your  obedient  servant, 

D.  K.  Clark. 
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with  the  steam  would  not  retain  its  ordi- 
nary condition  as  a  liquid,  but,  being  com- 
pletely pervaded  by  nascent  steam,  would 
have  the  character  of  an  expansive  body  of 
more  or  less  elasticity.  The  destructive  ef- 
fects produced  by  the  inevitable  concussion 
of  such  a  body  upon  the  upper  portion  of 
a  cylindrical  boiler  (and  the  water  being 
originally  in  the  bottom  of  the  boiler  would 
only  strike  upwards)  cannot  be  estimated 
therefore  by  multiplying  its  weight,  as  if  it 
were  a  solid  body,  into  the  velocity  assumed 
to  be  acquired  in  the  distance  through  which 
it  would  be  projected  against  the  iron  shell 
of  the  boiler.  It  is  very  likely  that  the 
momentum  of  the  steam  and  water  is  ex- 
pended mainly  in  breaking  the  plates,  es- 
pecially through  strong  solid  iron,  and  that 
if  no  additional  force  were  afterwards 
brought  into  play  the  ruptured  parts  of  the 
boiler  would  drop  to  the  ground,  or,  at  the 
most,  be  projected  only  to  a  short  distance. 
But  at  the  moment  when  the  steam  and 
water  rise  to  the  upper  part  of  the  boiler, 
and,  indeed,  until  a  large  outlet  is  provided 
(as  when,  perhaps,  the  boiler  is  forced  com- 
pletely open),  the  quantity  of  steam  disen- 
gaged will  be  very  small  indeed ;  not 
greater  than  the  quantity  originally  con- 
tained in  the  steam-space  of  the  boiler. 
Whatever  may  be  the  quantity  of  heat  in 
the  water,  it  cannot  convert  any  portion  of 
the  water  into  steam  of  a  greater  pressure 
than  that  under  which  only  the  water  was 
originally  heated ;  that  is  to  say,  water 
heated,  for  instance,  to  06 1  deg.  cannot  at 
that  heat  produce  steam,  spontaneously,  of 
a  greater  pressure  than  14U  lbs.  per  sq.  in. 
It  is  after  the  boiler  has  been  rent  com- 
pletely open,  and  after  its  separated  portions 
have,  perhaps,  been  started  upon  differ- 
ent courses  through  the  air,  that  the 
great  disengagement  of  steam  from  the 
heated  water  must  take  place.  This  phe- 
nomenon can  only  occur  after  the  boiler  has 
been  rent  completely  open,  or,  at  least, 
when  the  water  is  no  longer  confined  within 
its  original  limits,  because  the  original 
capacity  of  the  boiler  would  be  insufficient 
for  the  disengagement  of  the  steam,  which, 
as  it  can  never  rise  much  above  its  original 
density,  can  only  disengage  itself  upon  the 
expansion  of  the  water  in  which  it  was  pre- 
viously confined.  Assuming  577  lbs.,  or 
9.25  cubic  ft.,  of  the  water  contained  in  the 
locomotive  boiler,  already  described,  to  be 
converted  into  steam  ef  atmospheric  pres- 
sure, it  would  form  15,188  cubic  ft.  of 
Vol.  IX— No.  3—15 


steam,  equal  to  the  volume  of  a  sphere  of 
31  ft.  diameter;  and  until  the  disengaged 
steam  had  expanded  to  this  volume  at  least, 
the  parts  of  the  exploded  boiler  would  be 
within  the  range  of  explosive  action. 
Under  the  velocity  with  which,  as  in  the 
explosion  of  large  boilers,  more  than  one 
ton  of  elastic  vapor  would  discharge  itself 
into  the  air,  the  projection  of  fragments  of 
the  boiler,  weighing  5  cwt.,  to  a  distance  of 
350  yards,  as  in  the  explosion  at  Wharton 
Colliery,  near  Chesterfield,  in  June,  1856, 
is  not  perhaps  anything  to  be  wondered  at. 

Under  the  foregoing  explanation  of  boiler 
explosions  their  results  are  produced  by  a 
series  of  consecutive  operations,  the  first  of 
which  is  the  rupture  of  some  portion,  gene- 
rally a  defective  portion,  of  the  shell  of  the 
boiler ;  the  rupture,  unless  it  be  of  consider- 
able extent,  occurring  generally — in  cases 
of  violent  explosion — above  the  water  line. 
If  a  narrow  rent  take  place  in  the  bottom 
of  the  boiler  the  pressure  upon  the  water 
will  not  be  removed  until  the  water  falls  to 
the  level  of  the  discharging  opening ;  and 
hence,  as  the  water  is  not  likely  to  escape 
with  very  great  rapidity,  no  percussive  ac- 
tion will  occur  within  the  boiler,  from 
steam,  either  disengaged  by  itself,  or  in 
combination  with  water ;  and  the  steam 
which  is  disengaged  from  the  escaping 
water  will  be  already  out  of  the  boiler  at 
the  moment  of  its  disengagement. 

The  distinct  and  consecutive  operations 
into  which  a  boiler  explosion,  although 
practically  instantaneous,  may  probably  be 
resolved,  are,  therefore  these  : — 

1.  The  rupture,  under  hardly  if  anymore 
than  the  ordinary  working  pressure  of  a 
defective  portion  of  the  shell  of  the  boiler  ; 
a  portion  not  much,  if  at  all,  below  the 
water  line. 

2.  The  escape  of  the  free  steam  from  the 
steam-chamber,  and  the  consequent  removal 
of  a  considerable  part  of  the  pressure  upon 
the  water,  before  its  contained  heat  can 
overcome  its  inertia  and  permit  the  disen- 
gagement of  additional  steam. 

3.  The  projection  of  steam,  combined  as 
it  necessarily  must  be  with  the  water,  with 
great  velocity  and  through  a  greater  or 
less  space,  upon  the  upper  sides  of  the  shell 
of  the  boiler,  which  is  thus  forced  com- 
pletely open,  and  perhaps  broken  in  pieces. 

4.  The  subsequent  disengagement  of  a 
large  quantity  of  steam  from  the  heated 
water  now  no  longer  confined  within  the 
boiler,  and  the  consequent  projection  of  the 
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already  separated  parts   of  tlie  boiler  to  a 
greater  or  less  distance. 

The  rapidity  of  the   escape  of  the  steam,  ! 
through  a  narrow  opening,  may  be  under- 
stood practically  by  observing  an  indicator  j 
diagram,  taken  from  a  locomotive  cylinder 
-when   the    engine   is    running    at    a    high 
speed.     The    driving-wheels,     at  high  ve- 
locities,   revolve     between    four    and    five 
times  every  second,  and  each  cylinder  must 
exhaust  twice  at  each  revolution,   or  per- 
haps ten  times  in  1  sec.     An  examination 
of  the  indicator  diagram  will   show,   more- 
over,  that  the  actual  exhaustion,  at  each 
half-revolution   of    the    wheels,    does    not 
occupy  much,  if  any,  above  one-fourth  of  the 
time  in  which  such  half-revolution  is  made 
— each  complete  exhaustion  of  a  cylinder- 
full    of    high -pressure     steam    occupying, 
theiefbre,  but  about  one-fortieth  of  1  sec, 
notwithstanding   the   length    and   tortuous 
character  of  the  exhaust  passages,  and  the 
comparatively  gradual  opening  of  the  valve. 
The  force  with  which  steam  in  motion 
will  take  up  and  carry  water  with  it  may  be 
seen  in  the   "  Automatic  Injector,"  or  feed 
water  apparatus,  of  M.   Henri  Giffard,  as 
made  by  M.  Plaud,  of  the  Rue  Jean  Goujon, 
Paris,  and.  more  recently,  by  Messrs.  Sharp, 
Stewart   &    Co.,    of    Manchester,    and   the 
Rogers  Locomotive  and  Machine  Company, 
of  Paterson,  U.  S.     In  this  apparatus,  a  jet 
of  steam  discharged  through  a  conical  noz- 
zle, dr,aws  up  a  considerable  body  of  feed- 
water  and  impels  it,  first  for  a  short  dis- 
tance  through    the   open    air,   and  thence, 
through  a  valve,  into  the  same  boiler  from 
which  the  steam  was  originally  taken.     The 
under  side  of  the  clack  valve — or  so  much 
of  its  under  side  as  receives  the  impact  of 
the  water  before  the  valve  is  -raised  from  its 
seat — has,  of  course,  less  area  than  the  up- 
per side,  on  which  the  pressure  within  the 
boiler   is    exerted.     Hence,   to  force  water 
into   the  boiler  against  a  pressure  of,  per- 
haps, 120  lbs.  per  sq.  in.,   a   pressure  of, 
probably,  at  least  175  lbs.  per  sq.  in.  of  the 
under  side  of  the  valve,  has  to  be  first  ex- 
erted by  the  jet  of  combined   steam   and 
water.     The  jet  at  the  same   time  is  verjr 
small,   and   must  move  with   considerable 
friction,  which,  therefore,   by  so  much  di- 
minishes its  original  force  of  motion. 

Where,  therefore,  a  rupture  is  not  at- 
tended by  explosion,  it  is  to  be  presumed 
either  that  the  relief  of  pressure  is  not  so 
sudden  as  tp  induce  percussive  action  by 
the  steam  spontaneously  generated,  or  else 


that,  even  with  the  partial  or  total  removal 
of  the  pressure,  the  quantity  of  heat  stored 
up  in  the  water  is  insufficient  to  complete 
the  explosion.  If  a  very  small  crack  occur 
above  the  water  line,  or  if  a  considerable 
aperture  be  very  gradually  opened,  the  re- 
moval of  the  pressure  upon  the  heated 
water  will  be  so  gradual  that  no  violent 
percussive  action  may  be  induced,  and,  as 
has  been  already  observed,  if  the  rupture 
occur  below  the  water  line,  the  pressure 
upon  the  water  may  not  be  removed  until  it 
has  been  almost  wholly  discharged  from 
the  boiler.  The  dome  covers  of  locomotive 
boilers  are  sometimes  blown  off  without  ex- 
plosion, but  here  it  is  probable  that  the 
fastening  bolts  do  not  all  give  way  at  once, 
and  that  the  opening  for  escape  enlarges 
gradually  before  the  cover  is  forced  com- 
pletely off.  In  1853,  the  boiler  of  locomo- 
tive No.  4  of  the  New  York  and  New  Ha- 
ven Railroad,  ruptured  along  the  junction 
of  the  barrel  of  the  boiler  with  the  dome. 
The  steam  was  lost  and  the  train  detained, 
but  no  further  damage  was  done.  In  the 
winter  of  1856-7  the  boiler  of  one  of  the 
locomotives  of  the  New  York  and  Harlem 
Railroad  ruptured  through  the  underside 
of  the  cylindrical  barrel,  the  results  being 
similar  to  those  just  mentioned. 

Another  case,  which  came  under  my  own 
observation,  was  that  of  a  locomotive  fire- 
box, which  was  ruptured  at  the  Dunkirk 
shops  of  the  New  York  and  Erie  Railroad. 
One  seam  of  rivets  had  opened,  on  the  out- 
side fire-box,  1  in.  in  width,  and  perhaps  2 
ft.  in  height.  The  further  opening  of  the 
seam  had  been  prevented  by  the  framing  of 
the  engine,  which  extended  along  the  side 
of  the  fire-box.  No  violent  consequences 
attended  this  rupture.  In  his  last  report, 
H.  W.  Harman,  0.  E.,  Chief  Inspector  to 
the  Manchester  Boiler  Association,  states 
that  in  one  case  which  occurred  under  his 
inspection,  an  oval  flue  collapsed  with  com- 
plete rupture  of  the  plates,  in  consequence 
of  the  gradual  admission  of  steam  through 
the  stop-valve  of  an  adjoining  boiler,  and  of 
higher  pressure  than  the  flue  was  capable 
of  sustaining.  "But,"  adds  Mr.  Harman, 
"  no  explosion  occurred ;  it  came  quietly 
down,  and  the-  contents  were  discharged 
into  the  boiler  house  without  any  report 
whatever;  and  in  another  case  arising 
from  deficiency  of  water,  the  plates  became 
overheated  and  flattened  sufficiently  to  de- 
range the  seams,  and  a  portion  of  the  water 
escaped,  also  without  concussion." 
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As  already  observed,  the  percussive  action 
exerted  by  the  combined  steam  and  water, 
upon  the  sudden  removal  of  the  pressure, 
must  be  exerted  mainly  upwards,  and 
probably  the  larger  number  of  exploded 
boilers  first  give  way  in  the  upper  part  of 
the  barrel.  Comparatively  few  locomotive 
boilers  ever  leave  the  rails  when  they  ex- 
plode, unless  the  roof  of  the  inside  fire-box 
is  crushed  down.  In  February,  1849,  the 
boiler  of  a  locomotive  employed  on  the 
Boston  and  Providence  Railroad,  United 
States,  exploded  with  great  violence  whilst 
the  engine  was  running  with  its  train,  and 
just  after  the  steam  had  been  shut  off  in 
approaching  the  Canton  station.  The  en- 
gine did  not  leave  the  rails,  but  ran  some 
distance  after  the  explosion.  The  explosion 
of  engine  No.  58,  upon  the  New  York  and 
Erie  Railroad,  in  the  summer  of  1853,  was 
attended  with  much  the  same  results.  The 
engine  Wauregan,  the  explosion  of  which 
has  been  already  mentioned,  was  not  moved 
from  the  rails.  Locomotive  No.  77,  of  the 
New  York  Central  Railroad,  exploded  in 
the  winter  of  1856-7,  whilst  running  with 
a  train,  and  just  after  the  steam  had  been 
shut  off.  The  engine  did  not  leave  the 
rails.  Much  of  the  iron  in  the  barrel  of  the 
boiler  was  nearly  as  brittle  as  cast  iron. 
Engine  No.  23,  of  the  Baltimore  and  Ohio 
Railroad,  exploded  violently  at  about  the 
same  time  and  in  nearly  the  same  manner. 
The  engine  of  which  the  boiler  burst  in 
Messrs.  Sharp,  Stewart  &  Co.'s  Works, 
in  the  summer  of  1858,  was  not  thrown 
from  the  rails,  although  the  explosion  was 
one  of  terrific  violence.  Nearly  all  of  these 
explosions  occurred  in  the  waist  of  the  boiler, 
towards  the  smoke-box  end.  In  but  one 
of  the  six  explosions  just  mentioned  was 
there  any  evidence  of  the  overheating  of 
any  portion  of  the  boiler.  The  tubes  were 
in  nearly  every  case  bulged  outwards  be- 
yond the  original  diameter  of  the  boiler, 
showing  that  in  the  disengagement  of  steam 
from  the  water  contained  among  them  a 
considerable  outward  pressure  had  been 
exerted ;  although  the  closeness  of  the 
tubes,  and  the  consequent  want  of  any  clear 
space  through  which  the  disengaged  steam 
could  strike,  precluded  the  supposition  of 
percussive  action,  which,  indeed,  had  it  oc- 
curred, would  have  broken  the  tubes  to 
pieces,  and  driven  them  in  every  direction, 
instead  of  bending  them  merely. 

In  the  case  of  the  locomotive  Irk,  which 
exploded  in  the  Machester  engine-shed  of 


the  Lancashire  and  Yorkshire  Railway,  in 
February,  1845  ;  in  that  of  the  explosion  at 
Rogers,  Ketchum  &  Grosvenor's,  in  May, 
1  151  ;  in  that  of  engine  No.  100,  which  ex- 
ploded on  the  New  York  and  Erie  Railroad, 
in  1852  I  believe,  and  in  the  case  of  the  ex- 
plosion of  an  agricultural  engine,  at  Lewes, 
Sussex,  in  September  last,  the  roof  of  the 
fire-box  was  in  each  case  forced  downwards, 
the  steam  discharging  below,  and  the  en- 
gine was,  in  every  instance,  thrown  into  the 
air.  Considering  that  the  ordinary  pres- 
sure upon  the  crown-plate  of  a  locomotive 
fire-box  is  from  80  to  150  tons,  there  is  no 
difficulty  in  accounting  for  these  results, 
after  the  plate  has  once  gone  down. 

The  boiler  explosion  which  occurred  at 
Messrs.  Warburton  &  Holker's  Works  near 
Bury,  on  the  15th  of  August,  1856,  was  be- 
lieved to  have  commenced  in  the  bottom  of 
the  boiler.  An  extensive  crack  was  known 
to  have  existed  there,  and  it  had  been  twice 
patched,  notwithstanding  which,  a  consider- 
able breadth  of  iron  was  afterwards  found 
to  have  been  reduced  to  a  thickness  of  only 
-^in.  But  as  the  boiler  was  36  ft.  6  in. 
long,  and  no  less  than  9  ft.  1  in.  (109  in.) 
in  diameter,  and  as  it  was  worked,  after  its 
•^■tli  in.  plates  had  been  11  years  in  use,  at 
a  pressure  of  40  lbs.  per  sq.  in.,  the  final 
rupture  of  the  bottom  was  in  all  proba- 
bility instantaneous  for  a  great  length,  espe- 
cially as  the  boiler  was  riveted  up  with  con- 
tinuous seams,  or  seams  which  did  not  break 
joints  with  each  other  !  This  huge  bomb- 
shell was  said  to  have  contained  bQ  tons  of 
water  at  the  moment  of  explosion ;  which 
.quantity  heated  to  287  deg.,  corresponding 
to  the  pressure  at  which  the  explosion  took 
place,  would  have  given  off  at-least  3|  tons 
of  steam  !  It  has,  indeed,  been  assumed, 
that  in  many  cases  of  explosion,  all  the 
water  previously  contained  in  the  boiler  is 
converted  into  steam.  Mr.  Edward  Woods 
once  mentioned,  at  the  Institution  of  Civil 
Engineers,  an  instance  which  came  under 
his  observation,  in  1855  I  believe,  and 
where,  after  a  locomotive  boiler  had  burst, 
the  whole  of  the  water  was  found  to  have 
completely  disappeared.  Mr.  Yaughan 
Pendred,  of  Dublin,  has  informed  me  that  he 
observed  a  similar  result  after  he  had  ex- 
ploded a  small  boiler,  well  supplied  with 
water,  for  the  purpose  of  experiment.  He 
had  erected  a  fence  of  boards  about  the 
place  where  the  boiler  was  allowed  to 
burst,  but  on  going  to  the  spot  immediately 
afterwards  no  traces  of  water  could  be  seen. 
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I  cannot  adopt  the  idea,  however,  that  all 
the  water,  heated,  probably,  to  less  than 
400  deg.,  is  actually  converted  into  steam. 
It  is,  no  doubt,  dispersed  in  a  state  of  minute 
division  and  to  a  great  distance ;  but  the 
greater  portion  of  it  must  still  maintain  its 
existence  as  water,  since  its  contained  heat 
is  insufficient  to  convert  it  into  steam. 
But  there  can  be  no  doubt  of  the  sudden 
generation  of  steam  and  projection  of  the 
water,  when  the  pressure,  under  which 
Water  has  been  heated,  is  suddenly  remov- 
ed, and  it  is  probable  that  water,  heated  in 
the  open  air  to  212  deg.,  would  be  sufficient 
to  produce  violent  explosion  if  suddenly 
placed  in  a  vacuous  space,  corresponding, 
in  its  proportions  to  the  contained  water,  to 
an  ordinary  boiler.  A  boiler,  24  ft.  long 
and  10  ft.  in  diameter,  burst  with  great 
violence  on  the  9th  December,  1856,  at 
Messrs.  Cresswell  &  Son's  ironworks,  at 
Tipton.  In  this  case  it  was  observed  that 
the  floor  of  the  boiler-house,  immediately 
after  the  explosion,  was  covered  with  water, 
and  this  fact  was  taken  as  evidence  of  a 
sufficiency  of  water  in  the  boiler.  The 
boiler  had  been  in  use  for  some  18  years, 
but  its  plates  had  retained  an  average  thick- 
ness of  f  in.  Had  the  plates  been  of  good 
quality  originally,  and  had  they  suffered  no 
deterioration  in  the  long  time  during  which 
the  boiler  had  been  worked,  the  bursting 
pressure  would  have  been  167  lbs.  per  sq. 
in.  The  explosion  of  the  boiler  was  attrib- 
uted to  overpressure,  although  the  regular 
working  pressure  was  but  17  lbs.  per  sq.  in. 
The  idea  has  been  already  suggested  that 
heated  water,  if  suddenly  placed  in  a  vacu- 
ous space,  would  disengage  steam  with 
great  violence.  The  result  would  be  neces- 
sarily the  same  whether  the  pressure,  under 
which  the  water  had  been  heated,  were 
suddenly  removed  by  exhaustion  or  by  con- 
densation. And  if  it  were  purposely  sought 
to  condense  the  steam  in  the  upper  part  of 
a  boiler,  this  could  be  effected  with  light- 
ning-like rapidity.  When  steam  of  consid- 
erable pressure  is  discharged  into  a  con- 
denser of  suitable  capacity,  the  condensa- 
tion is  so  instantaneous  that  the  index  of 
the  vacuum  gauge  does  not  move  at  all. 
Even  in  surface  condensers,  in  which  the 
steam  is  let  in  upon  several  hundred  square 
feet  of  tubular  surfaces,  kept  cool  by  a  con- 
stant circulation  of  water,  the  same  instan- 
taneous action  takes  place.  If,  therefore,  a 
sufficient  quantity  of  cold  water — or  water 
considerably  below  the  boiling  point  corres- 


ponding to  the  pressure — were  suddenly 
thrown  up  among  the  steam,  its  condensa- 
tion would  as  suddenly  take  place.  An  in- 
stant can  thus  be  conceived  in  which  no 
pressure  would  exist  upon  the  water,  which, 
as  soon  as  its  inertia  could  be  overcome  by 
its  contained  heat,  would,  therefore,  be 
thrown  violently  against  the  upper  part  of 
the  boiler,  cau  ung  its  explosion  in  the  man- 
ner already  explained.  Whether,  in  the 
practical  working  of  a  steam  boiler,  circum- 
stances ever  arise  in  which  such  condensa- 
tion could  occur,  is  a  matter  of  conjecture. 
In  locomotive  engines,  for  example,  the 
feed  water  is  commonly  pumped  into  the 
boiler  at  two  points  on  either  side,  a  little 
below  the  ordinary  water  level.  With  both 
pumps  on,  from  100  to  175  cubic  inches  of 
water  are  pumped  in  at  each  revolution  of 
the  driving  wheels ;  and  at  a  speed  of  even 
30  miles  an  hour,  from  10  to  15  cubic  feet, 
or  from  600  lbs.  to  1,000  lbs.  of  water 
would  be  pumped  in  every  minute.  If  this 
water  were  pumped  in  at  the  water  level,  it 
might  not,  obstructed  as  its  descent  would 
be  by  the  closely  packed  tubes,  mix  with 
the  water  already  in  the  boiler,  until  after 
some  minutes  ;  especially  if  the  engine  were 
running  by  momentum  only,  after  the  steam 
had  been  shut  off,  and  when,  therefore,  but 
very  little  steam  would  be  in  process  of  gen- 
eration, and  when  the  circulation  of  the 
water  would  be  consequently  sluggish.  If 
a  stratum  of  cool  water  were  to  accumulata 
over  the  tubes,  it  would  require  a  long  time 
to  heat  it,  especially  if  the  draught  had 
been  stopped  by  shutting  off  the  steam. 
Indeed  10  cubic  feet  of  feed  water,  without 
circulation  and  consequent  mixture  with 
the  hot  water  already  in  the  boiler,  would 
not,  even  when  in  contact  with  the  heating 
surfaces,  become  heated  to  the  boiling  point 
in  much  less  than  a  quarter  of  an  hour.  As 
long,  however,  as  this  water  remained  qui- 
escent, the  steam  accumulated  over  it  would 
be  condensed  only  very  slowly.  But  if,  as 
by  suddenly  turning  the  steam  again  into 
the  cylinders,  the  diminution  of  pressure, 
and  consequent  rise  of  water,  were  such  as 
to  throw  up  a  considerable  quantity  of  it 
into  the  steam  chamber,  the  free  steam 
might  be  instantly  condensed,  and,  in  such 
case,  the  reasoning  already  adopted  would 
support  the  probability  of  instant  explosion. 
In  this  case,  the  actual  occurrence  of  which 
is  not,  perhaps,  impossible,  it  would  not  be 
necessary  to  assume  the  existence  of  any 
defect   in  the  boiler;  for,  when  the  water 
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once  struck  violently,  the  soundest  iron 
would  probably  be  broken,  and  the  strong- 
est workmanship  destroyed. 

Locomotive  boilers  often  burst  in  the 
plates  next  to  the  smoke-box,  beyond  the 
reach  of  the  fire,  and  where  the  boiler  is 
believed  to  be  stronger  than  about  the 
fire-box.  As  has  been  observed,  the 
dome,  if  it  open  from  the  ring  of  plates  in 
question,  weakens  it  materially;  but  ex- 
plosions have  occasionally  occurred  in  this 
part  of  a  boiler,  either  having  no  dome,  or 
having  one  only  over  the  fire-box.  A  fact 
which  was  some  time  since  communicated 
to  me  by  George  S.  Griggs,  Esq.,  Locomo- 
tive Superintendent  of  the  Boston  and  Prov- 
idence Eailroad,  U.  S.,  may  assist  in  ex- 
plaining this  somewhat  anomalous  mode  of 
explosion.  In  one  or  two  cases  of  loco- 
motive boiler  explosions,  Mr.  Griggs  found, 
upon  examination,  that  whilst  none  of  the 
upper  tubes  had  been  burnt,  others,  lower 
down,  exhibited  unmistakable  indications 
of  having  been  smartly  scorched ;  the 
solder  used  in  brazing  being  more  or  less 
melted.  The  tubes  being  closely  packed 
in  the  boiler,  it  appeared  that  the  heat 
passing  through  them  had  dispersed  the 
water  from  their  sides;  the  water-level 
being  but  about  15  in.  above,  and  the  con- 
sequent pressure  of  water,  resulting  from 
this  amount  of  "  head,"  being  only  about 
one  half  pound  per  square  inch  to  over- 
come the  violent  disengagement  of  steam 
in  the  restricted  passages  below.  ■  The  ad- 
mission of  water  through  the  "  check- 
valve  "  of  the  pump  would  suddenly  cool 
the  parts  of  the  boiler  with  which  it  came 
first  in  contact,  and  would,  no  doubt,  cause 
the  partial  return  of  the  water  to  the  sur- 
faces from  which  it  had  been  expelled. 
Sufficient  steam  might  be  thus  disengaged, 
by  2  cwt.  or  3  cwt.  of  highly  heated  copper 
or  brass  tubes,  to  exert  a  sudden  and 
powerful  strain  upon  the  surrounding  parts. 
Mr.  C.  Wye  Williams  has  mentioned,  in 
his  work  on  the  Combustion  of  Coal,  a  cir- 
cumstance similar  to  that  observed  by  Mr. 
Griggs.  In  one  of  the  deep  and  narrow 
water-spaces  of  the  boilers  of  the  Great 
Liverpool  steamship,  the  engineer  found, 
on  the  first  trip  of  that  vessel  to  New  York, 
in  1842,  that  the  side  plates  were  constant- 
ly giving  way.  On  tapping  a  gauge-cock 
into  the  space,  several  feet  below  the  water 
level,  only  steam  was  discharged,  although 
the  water  was,  at  the  same  time,  standing 
several  feet  above.    In  nearly  all  Amorican 


and  in  the  majority  of  French  locomotives, 
of  recent  construction,  the  tubes  are  dis- 
posed in  vertical  rows,  in  order  to  assist  the 
circulation  of  the  water.  Mr.  Griggs  has 
assured  me  that  some  of  his  engines,  with 
closely  packed  tubes,  have  actually  made 
steam  more  freely  after  he  had  plugged 
the  ends  of  ten  or  a  dozen  tubes,  one 
over  the  other,  in  the  middle  of  the  boiler. 
As  long  as  the  water  was  not  in  complete 
contact  with  these  tubes,  the  heat  which 
before  passed  through  them  was  to  a 
greater  or  less  extent  lost.  I  have  myself 
observed  that  a  class  of  locomotives  having 
130  tubes,  2  in.  in  diameter,  made  steam 
more  freely  than  another  class,  in  all  re- 
spects the  same,  with  the  exception  of 
having  144  tubes,  1J  in.  in  diameter,  al- 
though the  actual  extent  of  heating  sur- 
face was  hardly  more  in  the  former  than  in 
the  latter  case. 

The  quantity  of  water  contained  in 
steam  boilers  of  a  given  length,  and 
the  consequent  quantity  of  explosive 
matter  which  they  contain  under  any  given 
pressure,  is,  practically,  as  the  square  of 
their  diameters ;  and  although  different  boil- 
ers, of  the  same  materials  and  workmanship, 
are  believed  to  be  equally  strong  to  resist 
rupture  when  the  thickness  of  their  plates 
bears  the  same  ratio  in  every  case  to  their 
diameter,  the  real  danger,  which  ensues  af- 
ter rupture  has  actually  commenced,  may 
be  estimated,  so  to  speak,  as  the  square  of 
their  diameter  and  directly  as  their  length, 
or,  in  other  words,  as  directly  proportional 
to  the  quantity  of  water  which  they  contain 
at  any  given  temperature.  Although  loco- 
motive boilers,  perhaps,  sustain  a  greater 
proportionate  strain  than  ordinary  land 
boilers,  and  are,  for  that  reason,  somewhat 
more  liable  to  explosion,  the  effects  result- 
ing from  their  explosion  are  seldom  any- 
thing like  those  which  attend  the  destruc- 
tion of  large  land  boilers,  even  when  work- 
ed at  very  moderate  pressures.  The  Great 
Eastern  casing,  which  exploded  with  great 
violence  on  the  trial  trip  last  September, 
was  no  more  than  a  large  boiler,  7  ft.  in  di- 
ameter, with  an  internal  flue  of  6  ft.  diame- 
ter, and  which  was,  practically,  unstayed. 
The  collapse  of  this  flue,  under  a  moderate 
pressure,  and  the  consequent  liberation  of 
the  heat  contained  in  the  hot  feed-water,  of 
which  the  casing  was  made  to  hold  11  tons, 
was  sufficient,  upon  the  explanation  herein 
advanced,  to  account  for  the  disastrous 
character  of  the  explosion. 
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I  think  there-can  be  no  doubt  that  a  con- 
sideration of  the  expansive  power  of  a  large 
body  of  highly  heated  water,  acting  under 
the  instigation  of  a  sudden  removal  of  the 
pressure  (with  the  aid  of  which  only  it  was 
possible  to  heat  it  above  212  deg.),  is  capa- 
ble of  clearing  up  much  of  the  mystery 
which  has  for  so  long  a  time  enshrouded 
the  subject  of  Boiler  Explosions.  Such  a 
consideration  leads  to  a  comprehensible  and 
rational  explanation  of  these  disasters ;  one 
which,  upon  a  rigid  process  of  reasoning, 
appears  sufficient  to  account  for  all  or  near- 
ly all  cases  of  the  kind.  Whilst  the  pres- 
ent essay  may  serve  to  commend  this  ex- 
planation to  engineers  and  to  the  public 
generally,  I  hope  it  may  also  hasten  the 
adoption  of  smaller  and  more  numerous 
water  spaces  in  steam  boilers,  as  in  the 
water- tube  arrangement,  which,  with  pure 
water,  is,  in  my  opinion,  the  safest,  most 
efficient,  and  most  economical  yet  devised 
for  the  generation  of  steam.  But,  above  all 
else,  public  safety  requires  the  frequent  and 


systematic  examination  of  all  steam  boilers, 
so  that,  as  under  the  system  of  inspection 
which  is  in  operation  with  such  excellent 
results  at  Manchester  and  Huddersfield,  de- 
fects may  be  discovered  and  remedied,  in 
most  cases  before  actual  danger  has  been 
incurred. 

All  our  knowledge  of  boiler  explosions 
goes  to  show  that,  however  possible  it 
may  be  to  accumulate  an  excessive  pres- 
sure within  a  boiler,  the  actual  explosion 
results,  in  the  majority  of  cases,  from  some 
defect,  either  original  or  produced,  and 
either  visible  or  concealed,  in  the  materials, 
workmanship,  or  construction  of  the  boiler. 
Probably  not  much  more  than  one  per  cent, 
of  all  the  steam  boilers  made  ever  explode 
at  all,  and  the  results  of  systematic  inspec- 
tion show  that  a  far  higher  percentage  of 
the  whole  number  of  boilers  are  constantly 
in  a  condition  inviting  explosion,  and  from 
causes  which  a  general  examination  would 
not  only  disclose,  but  of  which  it  would  also 
insure  the  removal. 


ON  SOME  EVIDENCES  AS  TO  THE  YEKY  EAELY  USES  OF  IBON. 

By  ST.  JOHN  VIXCE\TT  DAY,  C.E.,  F.R  S.E. 


FFom  "  Iron.' 


The  literary   research   of  Mr.  Day  has  i 
brought  together  much  matter  in  relation  \ 
to    the    extensive    use  of  iron  by  man  at  a  j 
considerably  more  remote  period  than  that  | 
which   has   been   generally  accepted.     We 
give  below  the  subject  matter  of  two  papers 
which  he  has  read  before  the  Philosophical 
Society,  Glasgow.    The  note  we  published  a 
few  weeks  ago  on  the  "  Iron  Works  of  the 
Pharaohs,"  appears  to  afford  strong  confir- 
matory evidence  of  the  correctness  of  many 
of  his  views. 

That  iron  was  amongst  the  very  earliest 
of  all  the  metals  with  which  man  was 
acquainted,  we  have  abundant  literary  evi- 
dence. We  are  now  in  a  position  to  show 
by  two  kinds  of  proof  that  iron  was  well 
known  to  man  during  the  very  remotest 
ages  which  can  be  reached  with  any  degree 
of  certainty — viz.,  that  of  the  hieroglyphs 
and  certain  material  specimens.  These  two 
evidences  appear  to  establish  the  solid  truth 
of  that  literary  testimony  which,  in  these 
latter  days,  has  come  to  be  doubted. 

When  examining  works  on  the  history  of 
iron  I  have  noticed  the  scantiness  of  the 
attempts  to    indicate    what    is   absolutely 


ascertained,  as  distinct  from  traditions,  con- 
cerning the  use  of  this  metal  in  pre-historic 
ages.  I  am  disposed  to  believe  this  defect 
is  merely  a  result  of  the  trust  placed  in  the 
teachings  of  a  certain  modern  school,  which, 
going  dead  against  all  literary  testimony, 
declares  for,  and  only  for,  the  extremely 
high  antiquity  of  copper  and  its  alloys. 
When,  too,  certain  researches  into  the 
"  antiquity  to  man "  claim  that  the  ap- 
pearance of  iron  marks  a  decided  step  on 
the  road  to  a  higher  civilization,  it  is  strange 
that  their  inquiries  into  the  remotest  limits 
of  time,  when  man  became  an  iron-using 
animal,  bear  no  stamp  upon  them  of  having 
ever  been  directed  to  tne  earliest  ages  of 
those  countries  where  contemporary  testi- 
mony might  be  appealed  to. 

Belzoni  has  pointed  out,  t  that  before  the 
Persian  invasion  of  Egypt  by  Cambyses, 
there  was  enough  iron  in  the  country  to 
make  instruments  of  agriculture  with. 
Under  the  feet  of  one  of  the  sphinxes  at 
Karnak  he  found  an  iron  sickle,  now  in  the 
British  Museum.  The  statue  could  not 
have  been  placed  there  subsequent  to  the 
age   of  the   Ptolemies,  for  it  appears  that 
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since  Cambyses  destroyed  the  gods  of 
Egypt,  the  country  has  never  been  invaded, 
so  as  to  compel  the  people  to  conceal  their 
idols.  Sickles  of  the  same  form  are  to  be 
seen  in  many  agricultural  representations 
in  the  tombs.  This  is  a  sufficient  proof 
that  at  about  B.C.  600  the  blacksmith's  art 
was  practised  in  Upper  Egypt.  The  evidence 
to  be  hereafter  dealt  with  will,  I  believe, 
show  that  to  Egypt,  and  not  to  Greece,  must 
our  attention  be  addressed  for  the  solution 
of  the  problems  relating  to  ancient  met- 
allurgy. 

The  paucity  of  researches  on  the  knowl- 
edge and  use  of  iron  in  pre-historic  ages  is 
the  outcome  of  that  dogma  propounded  by 
the  Danish  and  Swedish  antiquaries — Nill- 
son,  Steenstrup,  Eorchammer,  Worsaee, 
and  others — which  teaches  that  men  began 
with  tools  of  stone,  next  used  bronze  im- 
plements, and  lastly  iron. 

As  to  the  beginnings  of  man,  to  do  his 
work  with  stones,  it  is  no  business  of  ours 
just  now  to  enter  upon  ;  but,  concerning  the 
further  question,  as  to  whether  bronze  and 
iron  came  to  be  universally  employed  in 
the  order  assigned  to  them  by  "progressive 
developists  "  amongst  each  of  the  sections 
of  mankind  now  grouped  into  the  Aryan, 
Semitic,  and  Furanian  families,  we  have 
sufficient  grounds  to  doubt. 

It  is  asserted  that  the  appearance  of  iron 
on  the  scene  is  an  index  that  a  higher 
civilization  prevailed  than  when  bronze  is 
present.  Sir  Charles  Lyell,  quoting  Morlot, 
says  : — "  The  next  stage  of  improvement 
that  is  manifested  by  the  substitution  of 
iron  for  bronze  indicates  another  stride  in 
the  progress  of  the  art.  Iron  never  presents 
itself  except  in  meteorites  in  the  native 
state,  so  that  to  recognize  its  ores,  and  then 
to  separate  the  metal  from  the  matrix,  de- 
mands no  small  exercise  of  the  power  of 
observation  and  invention."  To  the  met- 
allurgist, however,  the  picture  at  once  pre- 
sents a  different  view,  and  the  bronze  and 
iron  order  of  succession  does  not  receive 
the  assent  of  our  leading  living  metallurgist, 
Dr.  Percy. 

The  higher  antiquity  of  bronze  is  relied 
on,  because  no  specimens  of  iron  as  old  by, 
perhaps,  thousands  of  years,  have  been 
found.  But  it  is  scarcely  possible  that  a 
specimen  of  metallic  iron  should  be  found 
belonging  to  nearly  so  early  an  age  as  that 
to  which  even  tolerably  late  bronzes  belong. 
Iron,  when  exposed  to  the  action  of  air  or 
moisture,  in  a  very  few  years  becomes  con- 


verted into  an  oxide  so  entirely  that  it  is 
often  not  possible  to  recognize  that  it  has 
ever  been  metallic. 

The  pro  to -Egyptian  remains  in  Lower 
Egypt  are  generally  accepted  as  the  oldest 
relics  of  the  human  race.  Confronting  these 
structures  with  the  bronze  and  iron  succes- 
sion dogma,  as  educed  more  especially  from 
Scandinavian  philosophy — How  does  the 
dogma  fit  the  facts  before  us  ?  The  sup- 
ports reply,  "  Exactly,"  for  bronze  was 
compounded  of  such  proportions  of  the  two 
metals  that  the  resulting  alloy  would  cut  stone 
as  well  as  the  steel  chisels  of  to-day.  This 
is  rather  a  begging  of  the  question,  and 
specially  illogical.  Since  bronze  is  slowly 
oxidizable,  if  it  was  really  used  in  Lower 
Egypt,  we  should  find  specimens  in  or  about 
the  monuments.  Yet,  so  far  as  I  have 
been  able  to  ascertain,  not  a  single  relic  has 
been  found  throughout  the  whole  Nile 
Valley  which  can  be  pronounced  as  old  as 
the  material  and  hieroglyphic  testimony  we 
possess  regarding  iron. 

Not  only  are  iron  instruments  depicted 
in  the  tomb  pictures  of  the  fourth  dynasty 
at  Memphis,  but  at  Memphis  itself  among 
the  monuments  metallic  iron  has  been 
found  ;  and  that  in  what  is  by  universal 
accord  the  oldest  building  in  the  world. 
And  in  that  particular  building  placed  in 
such  a  way  as  could  only  have  been  done 
when  the  structure  was  in  course  of  erec- 
tion. 

It  may  perhaps  appear  startling,  but  it 
is  the  fact,  that  though  a  lump  of  malleable 
iron  was  removed  by  blasting  it  out  from 
the  solid  masonry  of  the  great  pyramid  at 
Gizeh  by  Colonel  Howard  Vyse,  35  years 
ago,  I  have  altogether  failed  to  meet  with 
any  allusion  to  it  by  any  writer  in  the  his- 
tory of  metallurgy. 

Mr.  Hill  discovered  a  piece  of  iron  in  an 
inner  joint  near  the  mouth  of  the  southern 
air  channel.  It  was  extracted  after  re- 
moving by  blasting  the  two  outer  tiers  of 
the  stones  of  the  present  surface  of  the  pyr- 
amid. This  specimen,  with  accompanying 
certificates,  is  in  the  British  Museum.  Its 
original  thickness  was  probably  |th  in.  In 
some  parts  it  is  now  |,  including  the  scale 
of  rust,  and  in  other  parts  it  thins  off  to 
nothing.  It  has  evidently  been  flexible, 
tough,  wrought  iron. 

It  is  frequently  asserted  that  the  use  of 
iron  indicates  a  greater  acquaintance  with 
metallurgy  than  that  of  bronze.  This  is  an 
erroneous  conclusion,  and  one  to  which  no 
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practical  metallurgist  would  assent.  It  is 
scarcely  possible  to  point  out  a  simpler  and 
more  readily  occurring  result  than  the  re- 
duction of  iron  ores,  than  the  process  em- 
ployed prior  to  the  modern  invention  of 
cast  iron.  We  must  remember  that  there 
is  no  evidence  that  cast  iron  was  known  to 
the  ancients,  although  certain  writers  have 
described  the  reduction  of  iron  ore  as  being 
performed  by  mixing  the  oxide  of  the  metal 
with  carbonaceous  matter,  and  subjecting 
the  mixture  to  a  heat  of  sufficient  intensity 
to  fuse  it. 

Now,  it  is  the  result  of  a  very  long  experi- 
ence that  iron  may  be  reduced  without  fu- 
sion ;  indeed,  in  the  most  perfect  blast  fur- 
nace operations,  the  iron  is  reduced  by  car- 
bonic oxide  before  the  charge  reaches  that 
portion  of  the  furnace  where  fusion  takes 
place  (the  smelting  zone  of  Scheerer). 
When  fusion  does  take  place,  we  get  from 
the  furnace  either  cast  iron  or  crude  steel, 
the  iron  being  combined  with  a  portion  of 
the  carbon  of  the  charge. 

From  what  we  know  of  the  most  ancient 
methods  of  reduction,  the  fusion  of  the 
metal  by  them  was  impossible.  I  believe  it 
was  obtained  simply  by  heating  the  oxides 
in  contact  with  carbon  for  a  sufficient  time 
to  allow  the  carbon  to  attack  the  oxygen  in 
the  innermost  parts  of  the  lump  of  ore,  by 
a  process  analogous  to  that  of  cementation  ; 
the  result  being  a  mass  of  malleable  iron, 
which  at  a  welding  hpat  was  hammered 
into  a  solid  block.  Hence  the  attempts 
in  modern  times  to  extol  the  difficulty  of 
iron-making  by  supposing  its  fusion  to 
have  been  necessary  are  very  misleading. 

Still  farther  light  has  been  thrown  on 
this  subject  by  the  observation  of  my  learn- 
ed friend  the  Scottish  Astronomer  Royal, 
that  the  iron  of  the  limestone  in  Lower 
Egypt  becomes  washed  out  of  the  matrix, 
filters  through,  and  accumulates  in  hollow 
spaces  and  fissures,  just  as  it  does  in  South 
Africa,  on  the  eastern  frontier  of  Cape  Col- 
ony. But  in  the  latter  place  the  Kaffirs 
have  been  famous  from  time  immemorial 
foi  taking  some  of  the  flaky  ironstone  thus 
formed,  and,  after  heating  it  in  little  char- 
coal fires,  beating  it  out  into  good  malleable 
iron  heads  for  their  "  assegais." 

I  do  not,  of  course,  presume  to  assert  that 
this  is  by  any  means  a  proof  that  the  proto- 
Egyptians  did  likewise,  but  put  it  forward 
as  a  more  probable  theory  than  that  some- 
times adv  itated,  viz.,  that  they  used  mete- 
oric iron  for  their  tools. 


These  native  ironworkers  do  not  act  in 
accordance  with  tbe  modernly  assumed  law 
of  the  universal  succession  of  the  stone, 
bronze,  and  iron  ages,  for  these  savages, 
who  have  never  worked  copper  or  bronze, 
are,  nevertheless,  most  excellent  workers  in 
iron. 

By  another  very  ancient  nation,  the  Chal- 
deans, we  have  substantial  proof  that  iron 
was  used.  The  relics  of  the  iron  manufac- 
ture are  doubtless  only  those  comparatively 
few  specimens  which  have  owed  their  pre- 
servation to  the  peculiar  dryness  of  the 
place  in  which  they  were  deposited.  After 
the  decay  of  the  proto-Chaldean  kingdom, 
?'.  e.,  about  B.  C.  1600  to  B.  C.  625,  when 
the  Assyrians  flourished,  we  find  them  as 
workers  and  users  of  iron.  Layard  found 
at  Calah  a  large  quantity  of  iron,  armor 
scales  from  2  to  3  in.  in  length,  rounded  at 
one  end  and  square  at  the  other,  iron  hel- 
mets inlaid  with  copper,  etc.,  corresponding 
precisely  in  shape  with  those  depicted  in  the 
sculptures. 

It  may  be  remarked  that  these  specimens 
show  that  the  Assyrians  had  acquired  very 
considerable  proficiency  in  the  execution  of 
Complicated  ironwork,  requiring,  too,  very 
excellent  iron  to  submit  to  the  various 
strains  inherent  to  shaping  it  as  armor. 
Amongst  the  articles  of  tribute  enumerated 
in  the  statistical  table  of  Karnak,  iron  is 
mentioned  as  brought  to  the  Egyptians  by 
the  inhabitants  of  Assyria,  Persia,  etc.  It 
was  occasionally  exported  in  the  ore. 

Frequently  the  Assyrians  overlaid  iron 
with  bronze,  either  entirely  or  partially,  by 
way  of  ornament.  Amongst  the  other 
"  finds"  atNimroud,  Layard  mentions  many 
in  iron.  Iron  instruments  of  various  kinds  ; 
swords,  daggers,  shields,  the  heads  of  spears 
and  arrows,  which  fell  to  pieces  almost  as 
soon  as  exposed  to  the  air,  so  that  only  a 
few  specimens  were  preserved.  The  bronze 
shields  had  iron  handles.  As  the  crowning 
point  of  discussions  bearing  on  the  ancient 
use  of  iron,  he  adds:  "Amongst  the  iron 
instruments  were  the  head  of  a  pick,  a  dou- 
ble handled  saw  (3  ft.  6  in.  long),  several 
objects  resembling  the  heads  of  sledge 
hammers,  and  a  large  blunt  spear  head, 
such  as  we  find  from  the  sculptures  were 
used  during  sieges  to  force  stones  from  the 
walls." 

While  we  have  not  at  present  sufficient 
knowledge  to  link  together  the  chain  of 
testimony  by  which  to  prove  the  centre  at 
which  iron  smelting  took  its  rise,  but  find  it 
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prominently  referred  to  in  most  ancient  lit- 
erature, and  in  none  more  decidedly  than 
the  earliest  parts  of  the  Hebrew  Scriptures, 
we  shall  probably  not  err  in  venturing  to 
suggest  that  it  was  first  practised  in  the 
Highlands  of  Central  Asia,  prior  to  the 
great  breaking  up  of  the  human  family 
once  cradled  there,  and  their  march  north, 
south,  and  west  to  inhabit  the  earth.  It  is 
not  improbable  that  subsequently,  perhaps 
from  the  non-existence  of  iron  ore  in  some 
of  the  regions  to  which  they  travelled,  that 
this,  as  well  as  others  of  the  arts,  fell  into 


disuse  among  some  sections  of  this  divided 
people,  until  in  their  progress  they  met  with 
the  ore,  and  either  from  traditions  of  the 
past,  or  by  being  subjected  to  conditions 
requiring  the  use  of  metals,  their  attention 
was  directed  to  it.  At  such  times  the  prac- 
tice of  reducing  the  ores  and  working  in 
the  metals  would  be  revived,  perhaps  redis- 
covered. These  independent  occasions  thus 
corresponding  to  the  alleged  first  discovery 
of  iron  smelting  ascribed  by  different  peo- 
ples to  themselves,  as  we  find  it  recorded  in 
such  of  their  traditions  as  have  reached  us. 


WOODEN  RAILROADS. 

By  H.  HAUPT,  C.  E. 
Written  for  Van  Xostrand's  Magazine. 


A  former  article  on  wooden  railroads, 
published  in  "  Van  Nostrand's  Magazine," 
has  elicited  some  adverse  criticism,  but  no 
reason  has  been  assigned  why  they  will  not 
accomplish  all  that  has  been  claimed  for 
them. 

Several  communications  have  been  ad- 
dressed to  the  writer,  soliciting  more  de- 
tailed information,  answers  to  which  will  be 
found  in  the  article  now  presented. 

To  develop  the  resources  of  a  country, 
facilities  for  transportation  are  indispensa- 
ble. Iron  ore  could  be  mined  and  lumber 
manufactured  only  to  a  very  limited  extent 
if  wagon  transportation  for  any  considera- 
ble distance  over  common  roads  were  ne- 
cessary to  reach  a  market.  Where  the 
business  is  sufficiently  extensive  to  warrant 
it,  and  the  capital  can  be  secured,  railroads, 
either  narrow  or  ordinary  gauge,  will  af- 
ford the.  best  facilities.  But  there  are 
many  localities  in  which  ordinary  railroads 
are  impracticable,  not  from  physical,  but 
from  financial  difficulties  in  the  way  of  their 
construction.  With  a  limited  capital  and  a 
sparse  population,  railroads  cannot  be  built, 
even  in  localities  highly  favored  in  natural 
resources  for  operations  of  quarrying,  min- 
ing, and  heavy  manufacturing.  In  such 
cases  a  substitute  for  the  wagon  road,  less 
expensive  than  the  railroad,  becomes  a  de- 
sideratum. 

This  substitute  has  been  proposed  in  a 
new  style  of  wooden  railroad,  costing  but 
little  more  to  construct  than  an  ordinary 
wagon  road,  yet  affording  transportation  at 
less  than  one-fifth  the  cost  by  wagon,  and 
less   also   than   the   ordinary  cost  by  rail, 


where  interest  on  capital  invested  is  consid- 
ered. This  road  differs  essentially  from  the 
ordinary  tram-road,  which  consisted  of 
sawed  rails,  about  3  in.  wide,  laid  on  cross- 
ties,  and  used  with  narrow  tread  iron- 
wheeled  cars.  Such  roads,  although  some 
improvement  on  the  common  wagon  road 
with  its  mud  holes  and  deep  ruts,  have 
given  very  unsatisfactory  results.  The  dif- 
ferences extend  to  the  track,  cars,  and  mo- 
tive power. 

TEACK. 

The  track  is  formed  of  heavy  logs,  hewed 
on  the  upper  side  to  the  width  of  8  in.,  and 
on  the  inside   at   right   angles,  sufficiently 
deep  to  form  a  straight  edge  for  the  flange. 
These  logs  are  buried  so  that  the  top,  or 
j  rail  surface,  is  almost  level  with   the   road 
!  surface,  resting  on   stout    sills  at  the  ends 
and  middle,  to  which   they  are  secured  by 
|  wedged    tree    nails.     The   rails,    therefore, 
j  are  solidly  bedded,  and  not  liable  to  warp 
)  or  twist.     Twenty  feet  would  be  a  conve- 
nient  length   on   curves,    but   on   straight 
lines  longer  pieces  could  be  used,  the  ties 
being  10  ft.  apart.     The  grading  of  a  suffi- 
cient width  on  a  side  hill  with  gentle  slopes, 
would  cost  about  $200  per  mile  for  a  3-ft. 
gauge  ;    but  of  course  the  cost  of  graduation 
will  vary  greatly  with  the  locality.     Ravines 
and  small   watercourses  would  in  general 
be  crossed  with   rough   trestles   or   timber 
cribs.     Hewing  the  timber  would  cost  about 
$200    per    mile.      In   a   wooded    country, 
!  where   timber  can  be  obtained   along   the 
;  line  of  the  road,  where  no  large  bridges  are 
required,  and  no  rock  to  be  excavated,  the 


234 


VAN    NOSTRAND'S   ENGINEERING   MAGAZINE. 


cost  of  such  a  wooden  railroad  should  be 
covered  by  from  850 0  to  $2,000  per  mile, 
depending  upon  the  amount  of  earth- work. 

CARS. 

The  cars  proposed  for  such  wooden  rail- 
roads are  simple  frames  placed  on  wheels, 
without  springs,  and  covered  with  a  floor 
of  plank.  The  wheels  are  of  wood,  built 
up  of  pieces  cut  from  2-in.  planks  in 
the  form  of  secular  sectors,  about  8  in. 
at  the  wide  end.  Four  thicknesses  of 
plank  will  build  a  wheel  with  a  tread  of  8 
in.  corresponding  with  the  face  of  the  rail. 
A  cast-iron  hub  is  inserted  in  the  centre, 
through  which  an  iron  axle  passes,  and  a 
cast-iron  flange  is  bolted  on  the  inside. 
The  timber  should  be  of  hard  wood,  well 
seasoned,  the  sectors  laid  so  as  to  break 
joint  and  well  bolted.  Diameter  of  wheels 
about  30  in.  Such  cars,  if  used  with  horses, 
will  cost  about  $40  to  $50,  or  about  one- 
third  the  price  of  a  farm  wagon.  They  will 
carry  3  tons,  and  can  be  made  by  any  rough 
hand  who  can  use  carpenter's  tools.  If  de- 
signed for  use  with  locomotives  in  trains, 
draw  bars  and  springs  must  be  used,  and 
the  cost  per  car  increased. 

MOTIVE  POWER. 

Horse  or  mule  power  can  be  used ;  but 
if  the  tonnage  is  considerable,  it  will  be 
preferable  to  adopt  a  light  engine  of  6  or  7 
tons,  with  wide  driving  wheels,  covered 
with  vulcanized  rubber  tire.  Such  engines 
can  be  manufactured  at  the  Baldwin  Loco- 
motive Works,  for  about  $4,000.  Passen- 
gers could  be  carried  on  the  proposed  roads 
with  such  engines,  at  a  speed  of  10  or  12 
miles  an  hour,  which  would  make  a  great 
improvement  on  the  stage  coach. 

Such  roads  would  rot  out  long  before 
they  would  wear  out,  and  the  answer  to  the 
objection  that  they  are  not  durable  is  sim- 
ply that  they  will  last  just  as  long  as  the 
cross  ties  on  an  ordinary  railroad,  and  it 
will  cost  less  to  renew  them.  Post-oak 
ties  in  the  South  last  from  ten  to  fourteen 
years.  The  cost  of  transportation  by  wag- 
ons, for  a  distance  of  25  miles,  without  re- 
turn load,  is  50  cents  per  100  lbs.,  or  $10 
per  ton  of  2,000  lbs. 

Assuming  the  tractive  power  on  such  a 
wooden  road,  for  the  purposes  of  an  approx- 
imation, to  be  double  that  of  an  ordinary 
railroad,  or  20  lbs.  per  ton,  the  angle  of 
friction  would  be  48  ft.  to  the  mile.  And  a 
horse  exerting  a  power  of  150  lbs.,    at  2| 


miles  per  hour,  or  four  horses  600  lbs., 
would  haul  on  a  grade  of  144  ft.  to  the 
mile  one-fourth  of  the  gross  load  on  a  level, 
or  7|  tons — giving  6  tons  of  net  load.  As 
a  trip  of  25  miles,  returning  empty,  could 
be  made  in  two  days,  assuming  a  team  to 
be  worth  $5  a  day,  the  cost  of  the  round 
trip  would  be  $10"  or  $1.66  per  ton,  as 
against  $10  per  ton  by  wagon  tran^porta-. 
tion ;  and  this  too  on  grades  of  150  ft.  to 
the  mile,  nearly — tolls  for  use  of  road  not 
being  included  in  either  case. 

This  illustration  will  show  the  great 
economy  of  such  roads  over  wagon  trans- 
portation, even  when  operated  by  horse 
power  ;  but  where  the  business  will  warrant 
it,  the  rubber-tired  locomotive  should  be 
used.  If,  after  a  few  years,  a  business 
should  be  developed  sufficient  to  justify  the 
expense,  an  iron  railroad  could  be  substi- 
tuted ;  of  which  the  original  grading  would 
form  a  part — the  expenditure  would  not  be 
lost.  It  is  also  to  be  observed  that  the  rails 
of  the  proposed  wooden  railroad  being  even 
with  the  surface  of  the  road  bed,  or  nearly 
so,  would  permit  the  same  road  bed  to  be 
used  for  ordinary  vehicles. 

COST    OF    OPERATING 

the  wooden  railway,  as  compared  with  an 
ordinary  iron  road.  Assume  length  of  road 
25  miles.  Interest  10  per  cent,  and  one 
engine  only,  to  be  provided  with  a  minimum 
equipment  of  cars  in  each  case.  For  an  or- 
dinary railway,  with  45  lb.  rails. 

25  miles,  $18,000  per  mile,  $450,000  ; 

interest £45000 

Road  repairs,  1  man,  per  mile,  (labor) 7600 

Locomotive  engine,  $12,000  ;  interest 

and  repairs  20  per  cent 2400 

One  good  passenger  car,  $1,500  ;  in- 
terest and  repairs  20  per   cent 900 

20  freight  cars,    $800,  $16,000  :  interest 

and  repairs  20   per  cent 3200 

Engineer  and  fireman,  $4.50  per  dav, 

300  days 1350 

One  conductor  for  both,  freiuht  and 

passengers,  mixed   train 750 

3  brakemen,  $1  per  day 1080 

Ascent  at  each  end  of  line 1200 

Fuel  for  engine,  2  cords  per  trip, 

1  trip  per  day 1200 

Renewals  of  ties,  &120  per  mile 4800 

Wear  of  rails  20  3Tears,  annual  wear, 

$150  per  mile 3750 

Supervision 1000 

Depots  and  siding  repairs,  etc 800 

Stationery,  insurance,  loss,  damage 

and  incidentals 1000 

$75,850 

This  is  a  moderate  estimate  of  the  cost 
of  operating  an  ordinary  railroad,  with  a 
minimum  equipment,  for  one  year,   includ- 
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ing  repairs,  renewals,  and  10  per  cent,  on 
capital,  and  amounts  to  about  $3,000  per 
mile.  If  one-third  of  this  income  should  be 
derived  from  passengers,  and  two-thirds 
from  freight,  carried  at  6  cents  per  passen- 
ger and  10  cents  per  ton  per  mile,  the  num- 
ber of  passengers  carried  the  25  miles  would 
be  16,180  and  the  number  of  tons  20,200  ; 
this  amount  of  business  would  pay  10  per 
cent,  on  capital  invested.  To  cover  ex- 
penses and  pay  nothing  on  capital,  would 
require  a  business  of  6,140  passengers  and 
7,360  tons— yielding  a  revenue  of  $27,650. 
A  wooden  railway  for  the  accommodation 
of  an  equ;il  business  would  require  the  fol- 
lowing estimate : 

25  miles  at  average  cost  of  $1,500 

$37,500  ;  10  percent $3750 

Renewal  of  track  once  in  6  years,  $33 

per  mile  per  annum  ..". 1155 

6  hands  for  track  repairs 180n 

Engine,  $4,000;  20  per  cent 800 

Engineer 900 

Train  hands 1800 

40  freight  cars,  $100  ;  20  per  cent 800 

4  passenger  coaches,  $250  ;  20  per 

cent 200 

Agents 1200 

Fuel.... 800 

Supervision,  insurance,  stationery,  in- 
cidentals   1500 

$14,750 

To  pay  running  expenses  and  10  per 
cent,  on  capital  will  require  an  income  of 
only  $15,000  per  annum.  To  cover  operat- 
ing expenses,  without  interest  on  capital  or 
equipment,  about  $10,000. 

The  amount  of  business  that'  would  pay 
operating  expenses  only,  without  dividends, 
on  an  ordinary  iron  road,  would  pay  ope 
rating  expenses  and  a  dividend  of  40  per 
cent,  upon  the  wooden  railway ;  and  the 
business  that  would  pay  10  per  cent,  upon 
the  iron  road  would  pay  142  per  cent  upon 
the  wooden  road.  To  pay  10  per  cent, 
upon  the  wooden  road  would  require  a  busi- 
ness at  the  prices  stated  of  3,300  passen- 
gers and  4,000  tons  freight. 

The  capacity  of  a  wooden  railway  with  a 
single  engine  of  7  tons,  and  grades  of  150 
ft.  to  the -mile  will  be  estimated.  Allow 
adhesion  of  engine,  3,200  lbs.  ;  traction  on 
level,  20  lbs.  per  ton;  load  on  level,  160  tons; 
on  grade  of  150  ft.,  40  tons  ;  requiring  at  3 
tons  to  a  car,  14  cars,  or  12  cars  exclusive 
of  weight  of  engine.  The  net  load  car- 
ried would  be  about  28  tons. 

A  day's  trip  each  way  for  300  days 
would  give  an  annual  capacity  of  16,800 
tons.  If  the  trade  should  be  all  one  way, 
only  half  this  amount  carried  and  no  pas- 


sengers, $2  per  ton  for  25  miles,  or  10  cents 
per  100  lbs.,  would  pay  running  expenses 
on  such  a  road,  and  12  per  cent,  dividends  ; 
while  an  iron  road  could  not  be  operated 
at  all  with  ordinary  equipment,  inasmuch 
as  the  income  would  not  pay  running  ex- 
penses. 

The  cases  are  numerous  where  such 
roads  would  perfectly  meet  the  wants  of 
the  public  in  developing  the  resources  of 
sparsely  settled  localities,  and  serving  as 
valuable  feeders  to  trunk  lines.  The  esti- 
mate for  capacity  has  been  made  for  a  single 
engine  of  6  to  7  tons.  If  the  weight  or  num- 
ber of  engines  be  increased,  the  capacity 
would  be  increased  proportionally.  The 
ultimate  capacity  with  increased  equipment 
would  far  exceed  the  requirements  of  any 
locality  where  such  roads  would  be  em- 
ployed. 

The  question  is  often  asked  :  What  is 
the  limit  of  grade  that  can  be  employed  on 
such  wooden  railroad  ?  The  answer  is, 
grade  affects  only  the  load  which  a  given 
power  can  transport,  and  is  independent  of 
the  road  itself,  gravity  being  a  retarding 
force  due  to  inclination  solely.  At  the 
same  time  it  is  true  that  the  more  perfect  the 
construction  of  the  road  bed  and  the  ma- 
chinery, the  more  rapidly  does  grade  reduce 
the  tractive  power.  On  a  well-constructed 
railroad  8  lbs.  per  ton  will  move  a  train, 
and  a  grade  of  20  ft.  to  the  mile  will  more 
than  double  the  required  traction  for  a 
given  load.  And  every  additional  20  ft. 
would  require  additional  power  equal  to 
the  resistance  of  the  train  upon  a  level.  On 
a  wooden  railroad,  assuming  traction  as 
20  lbs.  per  ton,  it  would  require  a  grade  of 
nearly  50  ft.  per  mile  to  double  the  power, 
or  with  a  given  power  to  reduce  the  load 
one-half.  On  a  grade  of  250  ft.  to  the  mile 
a  team  of  four  horses  could  haul  five  tons. 

The  adhesion  of  locomotives  on  ordinary 
railroads  does  not  exceed  one-fifth  of  the 
weight  in  drivers,  and  is  measured  by  the 
friction  of  iron  upon  iron,  but  the  friction  of 
wood  on  wood  is  50  par  cent.,  and  that  of 
rubber  on  wood  is  probably  greater  ;  con- 
sequently rubber-tired  locomotives  could 
ascend  much  higher  inclinations  than  or- 
dinary engines  upon  railroads,  the  limit  of 
which  is  about  800  ft.  to  the  mile  without 
load,  and  whole  weight  on  drivers.  The 
surplus  adhesion,  however,  can  not  be  uti- 
lized without  a  proportionate  increase  of 
cylinder  power,  which  involves  also  in- 
creased boiler  capacity. 
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Such  wooden  railways,  operated  either 
by  locomotive  or  animal  power,  may  be- 
come very  important  agencies  in  promoting 
the  settlement  of  localities  not  supplied  with 
railroad  facilities  and  in  developing  min- 
eral and  agricultural  resources. 

In  the  last  number  of  u  Van  Nostrand's 
Magazine,"  July,  there  is  a  statement  that 
more  than  100  miles  of  wooden  railroads 
are  in  operation  in  Canada,  in  the  province 
of  Quebec  alone.  That  the  gauge  is  4  ft. 
8£  in.,  the  running  time  about  16  miles 
per  hour ;    but  that  trains  have  been  run 


at  the  rate  of  35  miles  per  hour.  The  cars 
have  four  wheels;  some  of  the  engines 
weigh  30  tons. 

These  rails  were  of  sawed  timber  laid  on 
cross-ties  ;  and  if  such  roads  run  with  cars 
and  engines  with  iron  wheels  at  speeds  of 
16  to  35  miles  per  hour,  and  engines  of 
30  tons  have  proved  so  serviceable  that 
their  use  is  extending,  there  can  be  no 
room  to  question  the  success  of  the  system 
here  proposed,  of  solid  rails  permanently 
bedded,  wooden  wheels,  light  enginos  with 
rubber  tires,  and  moderate  speeds. 


CHAECOAL   FILTBATION  FOE  WATEE  WOEKS. 


From  "Engineering.1 


A  great  variety  of  substances,  both 
natural  and  artificial,  have  been,  and  still 
continue  to  be,  used  for  the  nitration  of 
water  as  well  on  a  large  as  on  a  small 
scale.  These,  however,  for  the  most  part 
— especially  those  used  on  the  large  scale 
— possess  the  power  of  mechanical  nitration 
only,  and  most  of  them  require  to  be  fre- 
quently cleansed  or  renewed.  To  effect  the 
perfect  filtration  of  water  it  is  necessary 
that  the  filtering  media  should  possess  the 
power  of  depriving  the  water  of  its  chemi- 
cal as  well  as  of  its  mechanical  impurities, 
and  if  these  two  properties  are  combined 
in  one  substance,  so  very  much  the  better 
for  simplifying  the  operation  of  filtration. 
This  double  qualification  being  possessed, 
in  an  eminent  degree,  by  animal  charcoal, 
has  led  to  the  general  adoption  of  that  sub- 
stance for  filtering  purposes  on  a  small 
scale.  On  a  large  scale,  however,  beds  of 
sand  and  gravel  chiefly  continue  to  be 
used,  simply  because,  until  now,  no  means 
have  been  devised  by  which  the  valuable 
properties  of  charcoal  could  be  rendered 
available.  Even  on  a  small  scale  its  use 
was,  at  one  time,  attended  with  consider- 
able inconvenience,  inasmuch  as,  being  used 
in  fragments  placed  in  layers,  after  a  time 
the  particles  of  charcoal  became  coated 
with  impurities,  and  the  pores  being  clogged 
the  purifying  action  ceased.  This  objec- 
tion, of  course,  still  holds  good  in  systems 
ia  which  the  charcoal  is  used  in  this  man- 
ner, and  although  it  may  be  cleansed  by 
washing  and  baking,  it  is  questionable 
whether  it  can  ever  be  perfectly  renovated. 
To  meet  the  objections  and  to  obviate  the 
disadvantages  attending  the  loose  charcoal 


system,  Mr.  Atkins,  several  years  since, 
invented  and  introduced  a  method  of  form- 
ing the  charcoal  into  porous  blocks  of  any 
required  size,  the  manufacture  being  car- 
ried on  at  his  works  at  Chepstow.  The 
process  of  manufacture  is  as  follows  :  The 
purest  animal  charcoal  is  first  reduced  to  a 
fine  powder,  and  is  then  mixed  with 
Norway  tar  and  other  combustible  mate- 
rials in  a  state  of  fine  powder.  The  mass 
is  then  kneaded  into  a  plastic  condition 
with  liquid  pitch,  and  is  afterwards  moulded 
into  blocks  of  any  required  size  or  shape. 
The  moulded  blocks  are  then  exposed  to 
great  heat,  by  which  means  all  the  com- 
bustible ingredients  are  burnt  out,  leaving 
the  pure  carbon  in  a  solid  form.  The 
block  is,  as  a  consequence,  perfectly  porous 
throughout,  the  pores  being  the  cavities 
from  whence  the  combustible  material  has 
been  burnt  out.  Of  course  there  is  a  limit 
to  the  purifying  power  of  these  carbon 
blocks,  as  well  as  to  the  fragments,  but  the 
period  of  service  of  the  former  before 
cleansing  is  required,  greatly  exceeds  that 
of  the  latter,  whilst  all  that  is  necessary  is 
to  wash  the  block  in  warm  water,  which 
will  remove  the  organic  impurity.  If, 
however,  the  carbon  is  used  for  filtering 
water  containing  much  salts  of  lime,  a  hard 
incrustation  will  form  on  the  surface  of  the 
block,  which  is  easily  removed  by  scraping 
when  dry,  after  which  the  block  is  ready 
for  use  again. 

Hitherto,  the  application  of  the  solid 
carbon  system,  although  extensive,  has 
been  confined  to  the  filtration  on  a  small 
scale,  that  is  for  household  purposes,  or  at 
most  for   public  buildings  or  industrial  pro- 
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ces3es.  The  increasing  difficulty  of  obtaining 
pure  water  direct  from  the  water  companies, 
however,  has  been  under  Mr.  Atkins's  con- 
sideration for  some  time  past,  and  he  has 
recently  patented  a  system  of  nitration  by 
the  block  carbon  system  which  is  applica- 
ble to  water  works.  This  arrangement  con- 
sists of  brick  tanks  of  a  size  proportioned 
to  the  amount  of  nitration  to  be  performed, 
and  divided  up  into  a  series  of  chambers. 
The  water  is  admitted  into  the  first  or 
settling  chamber,  whence  it  flows  horizon- 
tally through  a  bed  of  sand  held  between 
two  walls  composed  of  perforated  or  porous 
materials.  After  the  water  has  percolated 
through  the  sand  bed,  which  deprives  it  of 
its  chief  mechanical  impurities,  it  has  to 
pass  through  a  series  of  walls  formed  of 
solid  carboD  plates  12  in.  square,  and 
about  2  in.  thick,  set  in  an  iron  framing  in 
a  similar  manner  to  panes  of  glass  in  a  win- 
dow frame.  The  frames  are  placed  about 
18  in.  apart,  and  the  number  of  these  walls, 
through  which  the  water  has  to  pass,  is 
governed  by  the  amount  of  purification  it  is 
intended  the  water  shall  undergo,  as  well 
as  by  the  cnaracter  of  the  water.  Of  course 
the  greater  the  number  of  walls,  the  higher 
the  degree  of  purity  attained,  although 
some  waters  require  much  less  charcoal 
filtration  than  others.  After  passing 
through  the  last  wall  of  charcoal  plates  the 
water  is  conducted  from  each  tank  into  a 
a  storage  reservoir  from  whence,  it  is  taken 
for  distribution.  The  filtering  capacity  of 
each  square  foot  of  carbon  plate  has  been 
ascertained  to  be  from  300  to  500  gallons 
per  24  hours,  so  that,  the  distribution  be- 
ing known,  the  filtering  area  can  readily  be 


adjusted  to  meet  the  requirements  of  the 
supply.  When  the  action  of  the  plates  be- 
comes sluggish  the  coating  of  organic  mat- 
ter can  be  readily  removed  by  washing  in 
the  way  we  have  already  indicated,  whilst 
if  any  incrustation  from  the  salts  of  lime 
should  occur,  the  deposit  can  be  easily 
scraped  off  when  the  plates  are  dry,  the 
tank  being  of  course  thrown  out  of  work 
for  the  purpose.  If  a  plate  become 
damaged  or  unfit  for  use,  it  can  be  re- 
moved, and  replaced  in  a  very  short  time, 
as,  in  fact,  can  each  entire  frame  if  neces- 
sary. It  will  be  seen  that  as  soon  as  the 
surfaces  of  the  solid  carbon  blocks  become 
encrusted  with  organic  or  other  matter,  or 
in  other  words,  when  the  charcoal  ceases  to 
fulfil  its  proper  functions,  the  water  ceases 
to  pass  through,  and  thus-  the  inert  condi- 
tion of  the  filtering  media  is  at  once  indi- 
cated. This  is  a  very  important  feature, 
inasmuch  as  in  the  loose  charcoal  system, 
or  in  any  system  of  purely  mechanical 
filtration,  after  the  atoms  making  up  the 
mass  have  become  enveloped  in  the  sus- 
pended impurities,  the  water  will  continue 
to  flow  through  the  interstices  between 
!  the  particles,  and  in  time  may  leave  the 
!  filter  in  a  worse  condition  than  when  it 
j  entered.  This  contingency,  however,  is 
!  clearly  impossible  with  the  block  carbon 
!  system,  which  appears  to  be  well  adapted 
for  filtering  water  on  the  large  scale,  to 
which  purpose  we  anticipate  shortly  seeing 
it  applied.  We  are  informed  that  Mr. 
Atkins  has  sent  in  an  estimate  for  applying 
his  system  to  the  works  of  one  large  water 
company,  and  is  in  communication  with 
several  others  upon  the  subject. 


ON  THE  MOLECULAE  CHANGES  PRODUCED   IN  IKON  BY 
YAEIATIONS  OE  TEMPERATUEE. 

By  Professor  R.  H.  THURSTON". 

From  "  Iron  Age." 

("Continued  from  page  179.) 

48.  Mr.  Peter  Spence  gave  a  description 
of  his  experiments  upon  bars  of  cast  iron, 
\  in.  sq. ,  placed  on  supports  9  in.  apart, 
and  broken  by  carefully  applied  and  steady 
pressure 

Six  experiments  were  made  at  60  deg., 
and  six  at  0  deg.  Fahr.  He  sums  up  the 
evidence  thus  : 

"  The  bars  at  zero  broke  with  more  re- 


gularity than  at  60  deg.,  but  instead  of  the 

results  confirming   the  general  impression 

as  to  cold  rendering  iron  more  brittle,  they 

are   calculated  to  substantiate  an   exactly 

opposite   idea,    namely,    that   reduction   of 

temperature,  cceterls  paribus,  increases  the 

I  strength  of  cast  iron."     He  found  this  in- 

|  crease  to   amount  to  3|  per.  cent,  between 

!  60  deg.  and  0  deg. 
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49.  Subsequently,  Mr.  Spence  made  a 
more  extended  series  of  experiments. 

He  obtained  50  bars  of  cast  iron  (of 
mixed  Scotch  brands),  each  3  ft.  long  and 
\  in.  sq.,  cut  them  into  lengths  of  1  ft.,  and 
mixed  them  thoroughly.  Seventy  pieces 
were  tested  at  zero,  after  48  hours'  exposure 
to  a  freezing  mixture  of  salt  and  ice,  and  70 
were  tested  at  70  deg.  Fahr. 

The  breaking  weights  of  the  pieces 
averaged  430.3  lbs.,  warm,  and  442.8  lbs. 
at  zero,  the  weight  being  placed  midway 
between  supports  9  in.  apart. 

Mr.  Spence  finally  says*  :  "  I  have  no 
hesitation  in  giving  it  as  an  ascertained  law, 
that  a  specimen  of  cast  iron,  having  at  70 
deg.  Fahr.,  a  given  power  of  resistance  to 
transverse  strain,  will,  on  its  temperature 
being  reduced  to  0  deg.,  have  that  power 
increased  3  per  cent." 

Mr.  Spence  notices  a  circumstance,  which 
occurred  in  the  course  of  his  experiments, 
which  may  throw  some  light  upon  the 
molecular  constitution  of  metals,  and  thus, 
indirectly,  upon  the  subject  discussed.  A 
weight  of  449  lbs.  had  been  suspended  from 
one  of  the  bars  tested,  for  the  space  of  nearly 
2  min. ;  the  bar  finally  broke  after  a  single  1 
lb.  weight  had  been,  without  the  slightest 
jar,  lifted  off — so  slowly,  in  fact,  that  its 
upward  motion  wras  barely  perceptible.  It 
may  be  imagined  that  the  fact  is  new  evi- 
dence of  the  existence  of  viscosity  in  even 
cold  iron. 

50.  The  most  complete  investigation  ever 
made,  particularly  to  determine  the  effect 
of  changes  of  temperature  in  modifying  the 
physical  properties  of  iron  and  steel,  was 
that  of  Knut  Styffe,  the  director  of  the 
Royal  Technological  Institute,  at  Stock- 
holm, Sweden,  and  supplemented  by  the 
experiments  of  Christer  P.  Sandberg,  who 
translated  the  report  of  Styffe  into  English. 

The  work  of  the  first  named  engineer 
was  done  at  the  instance  of  a  committee  ap- 
pointed by  the  King  of  Sweden.  It  was 
commenced  by  Professor  Angstrom,  con- 
tinued by  HerrR.  Thalen,  of  the  University 
of  Upsala,  and  by  Engineer  K.  Cronstrand, 
and  it  was  finally  concluded,  with  the  assist- 
ance of  Cronstrand  and  Lindell,  by  Styffe, 
who  wrote  out  the  results  of  the  whole  in- 
vestigation and  made  the  report  public. 

These  labors  were  begun  in  1863  and 
extended  over  several  years. 

The  conclusions  of  Styffe  were  : 


*  Loudon  "Engineering,"  1871;  vol.  11,  p.  173. 


"  (1).  That  the  absolute  strength  of  iron 
and  steel  is  not  diminished  by  cold,  but 
that,  even  at  the  lowest  temperature  which 
ever  occurs  in  Sweden,  it  is  at  least  as 
great  as  at  ordinary  temperature  (about  GO 
deg.  Fahr)." 

"(2.)  That,  at  temperatures  between  212 
deg.  and  392  deg.  Fahr.,  the  absolute 
strength  of  steel  is  nearly  the  same  as  at 
ordinary  temperature,  but,  in  soft  iron,  is 
always  greater." 

"  (3.)  That  neither  in  steel  nor  in  iron  is 
the  extensibility  less  in  severe  cold  thin  at 
ordinary  temperature,  but  that,  from  2GG 
deg.  to  320  deg.  Fahr.,  it  is  generally  di- 
minished, not  to  any  great  extent  in  steel, 
but  considerably  in  iron." 

"(4.)  That  the  limit  of  elasticity,  in  both 
steel  and  iron,  lies  higher  in  severe  cold ; 
but  that  at  about  284  deg.  Fahr.,  it  is  lower, 
at  least  in  iron,  than  at  ordinary  tempera- 
ture." 

"(5.)  That  the  modulus  of  elasticity  in 
both  steel  and  iron  is  increased  on  reduc- 
tion of  temperature,  and  diminished  on 
elevation  of  temperature ;  but  that  these 
variations  never  exceed  0.05  per  cent,  for  a 
change  of  temperature  of  1.8  deg.  Fahr., 
and,  therefore,  that  such  variations,  at  least 
for  ordinary  purposes,  are  of  no  special  im- 
portance." 

51.  An  equally  well  conducted  series  of 
experiments  on  transverse  strength  and  the 
flexure  of  iron  and  steel  led  to  the  follow- 
ing conclusions : 

"(1.)  Iron  sustains,  at  lower  tempera- 
ture, a  greater,  and  at  higher,  a  smaller 
load  than  at  the  ordinary  temperature, 
before  it  obtains  any  perceptible  permanent 
deflections." 

"(2.)  The  modulus  of  elasticity  for  steel 
and  iron  on  flexure,  may,  for  practical 
purposes,  and  without  committing  any  con- 
siderable error,  be  generally  assumed 
equal  to  that  on  traction.  It  is  diminish- 
ed by  permanent  deflection,  but  may  be 
restored  by  heating,  especially  if  raised  to  a 
red  heat." 

"  (3.)  By  hardening  steel  its  modulus  of 
elasticity  is  diminished,  but  this  diminu- 
tion has  not,  in  any  of  the  hardened  bars 
examined,  amounted  to  more  than  about  3 
per  cent." 

"  (4.)  The  elastic  force  of  iron  and  steel 
on  flexion,  as  on  traction,  is  increased  on 
reduction  of  temperature  and  diminished  on 
elevation  of  temperature.  The  amount  of 
this  increase  or  decrease  for  a  change  of 
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temperature  equal  to  1.8  deg.  Fahr.  (1  deg. 
centigrade)  does  not,  however,  in  general, 
amount  to  more  than  0.03  per  cent.,  and, 
apparently,  never  rises  to  0.05  per  cent." 

52.  The  experimenter  states  that  "  the 
results  of  the  experiments  given  above  are 
evidently  opposed  to  the  opinion  hitherto 
commonly  entertained,  viz.,  that  steel  and 
iron  become  weak  or  brittle  at  low  tempe- 
ratures," and  gives  it  as  his  opinion  that 
the  cause  of  the  frequent  breakage  of  rails 
in  cold  weather,  and  of  articles  made  of  iron 
and  steel,  is  unequal  expansion  and  con- 
traction and  the  rigidity  of  supports,  where, 
as  is  the  case  with  rails,  irost  may  very 
greatly  affect  them. 

53.  Sandberg,  while  admitting  the  care 
and  the  accuracy  which  distinguished  this 
extensive  series  of  experiments,  still  doubt- 
ed whether  the  reasons  just  given  were  the 
sole  reasons  why  metals  should  more  read- 
ily break  in  cold  than  in  hot  weather,  and, 
having  obtained  the  consent  of  the  State 
Railway  Administration,  he  conducted  a  se- 
ries of  experiments,  in  the  summer  and 
winter  of  1867,  at  Stockholm,  to  determine 
whether,  with  equal  rigidity  of  supports, 
iron  rails  would  yield  with  equal  readiness 
to  blows  at  the  two  extremes  of  temperature. 

The  rails  experimented  upon  were  each 
cut  into  two  halves,  and  one  piece  was  tested  in 
cold,  and  the  other  in  warm,  weather,  at  tem- 
peratures of  10  deg.  and  81  deg.  Fahr.,  re- 
spectively. The  supports  at  the  ends  of  the 
rails  were  granite  blocks,  placed  four  feet 
apart,  and  resting  on  the  smoothly  levelled 
surface  of  the  granite  rock.  They  were 
broken  by  a  heavy  drop,  weighing  9  cwt. 

Sandberg's  conclusions,  from  20  experi- 
ments, are  thus  given : 

"(1.)  That,  for  such  iron  as  is  usually 
employed  for  rails  in  the  three  principal 
rail-making  countries  (Wales,  France,  and 
Belgium),  the  breaking  strain,  as  tested  by 
sudden  blows  or  shocks,  is  considerably  in- 
fluenced by  cold  ;  such  iron  exhibiting,  at 
10  deg.  Fahr.,  only  from  one-third  to  one- 
fourth  of  the  strength  which  it  possesses  at 
84  Fahr." 

"  (2.)  That  the  ductility  and  flexibility  of 
Buch  iron  is  also  much  affected  by  cold ; 
rails  broken  at  10  deg.  Fahr.  showing,  on 
an  average,  a  permanent  deflection  of  less 
than  one  inch,  whilst  the  other  halves  of  the 
same  rails,  broken  at  84  deg.,  Fahr.,  showed 
a  set  of  more  than  four  inches  before  frac- 
ture." 

"  (3.)  That,  at  summer  heat,  the  strength 


of  Aberdare  rails  was  20  per  cent,  greater 
than  that  of  the  Greusot  rails ;  but  that  in 
winter  the  latter  were  30  per  cent,  stronger 
than  the  former." 

Sandberg  suggests  that  this  considerable 
decrease  of  toughness  at  low  temperatures 
may  be  due  to  the  "  cold  shortness  "  pro- 
duced by  the  presence  of  phosphorus. 

Our  knowledge  on  this  point  must  re- 
main imperfect  until  similar  experiments 
have  been  made  with  iron  free  from  phos- 
phorus. 

54.  The  researches  above  described  con- 
stitute the  experimental  basis  of  our  knowl- 
edge of  the  effect  of  change  of  temperature 
in  producing  alterations  of  molecular  struc- 
ture and  of  strength  and  resilience  in  met- 
als. 

A  few  other  less  elaborate,  though  in- 
structive, experiments  have  been  made, 
some  of  which  enlarge  our  knowledge  of 
molecular  physics  somewhat,  although  bear- 
ing less  directly  upon  the  problem  under 
consideration. 

bo.  Professor  W.  F.  Johnson,  in  1844, 
gave  the  results  of  experirneuts  made  un- 
der the  direction  of  the  United  States  Navy 
Department,  which  revealed  the  fact  that 
the  increased  strength,  at  moderately  hio-h 
temperatures,  which  was  noted  by  the  com- 
mittee of  the  Franklin  Institute,  was  re- 
tained, on  cooling,  provided  that  the  bars 
were  submitted  to  powerful  tension  while 
heated. 

Prof.  Johnson  reports*  that  "  the  aver- 
age gain  of  length  of  bolts  of  iron  treated 
at  the  Washington  Navy  Yard,  by  this  same 
process,  was  5.75  per  cent.,  and  the  gain  of 
strength  16.64,  making,  together,  the  gain 
of  value  22.4  per  cent. 

"In  many  instances  the  experiments 
made  at  the  Franklin  Institute  proved  the 
gain  of  length  to  exceed  7  per  cent.  The 
report  to  the  bureau  also  confirms  what  had 
been  previously  observed,  viz.,  that  the  to- 
tal elongation  of  a  bar  of  iron,  broken  in 
its  original  cold  state,  is  from  two  to  three 
times  as  great  as  the  same  force  would  pro- 
duce upon  it  if  applied  at  a  temperature  of 
573  deg.,  which  force  will,  moreover,  not 
breali  the  bar  at  that  temperature." 

54.  Professor  Thompson  has  indicated! 
the  existence  of  a  resistance  to  molecular 
movement,  such  as  has  been  referred  to  al- 


*  Senate  Document,  No.  1, 1844-5;  and  American  Journa  1 
of  Science  and  Arts,  1846,  vol.  1,  p.  300. 

t  Civil  Enginsers'  Journal,  Vol.  28. 
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ready,  and  designated  "molecular  friction." 
He  calls  it  "  viscosity."  The  term,  thus 
used,  designates  a  somewhat  different  prop- 
erty from  that  to  which  the  name  is  gene- 
rally applied,  and  which  was  illustrated  by 
Tresca's  experiments,  already  described,  and 
other  similar  experiments. 

He  deduced  the  following : 

(1.)  That  there  is  a  certain  internal  re- 
sistance which  is  independent  of  the  elastic 
properties  of  metals. 

(2.)  That  it  does  not  affect  the  coefficient 
of  elasticity. 

57.  A  singular  action  has  been  recently 
detected  by  W.  H.  Johnson*,  which  may 
prove  instructive  in  this  connection. 

Iron  was  immersed  in  hydrochloric  acid 
one  or  more  hours,  and  then  tested  for  elon- 
gation and  breaking  strain.  The  pieces 
were  then  heated  and  again  tested,  with 
the  following  results: 

(1.)  That  immersion  in  acid  diminishes 
the  breaking  strain  of  iron  wire  from  ±  to 
3  per  cent.,  and  of  steel  wire  about  4.76  per 
cent. 

(2  )  That  immersion  in  acid  appears,  in 
some  cases,  to  diminish,  and  in  others  slight- 
ly to  augment  the  elongation  of  iron  wire, 
and  to  augment  the  elongation  of  steel  wire 
about  30  per  cent. 

Heat  restored  to  the  iron  its  original 
toughness. 

Pyroligneous  and  sulphuric  acids  had  the 
same  effect  as  hydrochloric,  in  different  de- 
grees. 

Copper  was  not  affected  in  this  manner. 

The  cause  of  this  peculiar  action  remains 
undetermined.  The  phenomenon  is  of  in- 
terest principally  as  confirming  an  infer- 
ence deducible  from  other  experiments, 
viz.,  that,  in  general,  circumstances  tending 
to  increase  the  strength  of  a  metal,  by 
molecular  change,  also  tend  to  reduce  its 
viscosity  and  its  extensibility,  and  vice 
versa. 

58.  The  experiments  of  Mr.  Oliver  Wil- 
liams, in  determining  the  change  produced 
in  the  character  of  the  fracture  of  iron  by 
transverse  strain,  at  extreme  temperatures, 
were  more  evidently  pertinent  to  this  sub- 
ject. 

Mr.  Williams  says,  of  two  specimens  of 
nut  iron,  cut  from  different  bars,  made  at 
Catasauqua,  Pennsylvania  :  "  These  speci- 
mens were  first  necked  with  a  cleft  on  one 
side  only,  and   then  broken  under  a  ham- 

*  "Iron,"  April,  18T3,  r.  457. 


mer,  at  a  temperature  of  about  20  deg. 
Fahr.  At  this  temperature,  both  speci- 
mens broke  off  short,  showing  a  clearly 
defined  granular,  or  steely  iron  fracture. 
The  pieces  were  then  gradually  heated  to 
about  75  deg.  Fahr ,  and  then  broken,  as 
before,  developing  a  fine  clear  fibrous 
grain.  The  two  fractures  were  but  4  in. 
apart,  and  are  entirely  different." 

59.  It  has  been  long  known  that  a 
granular  fracture  may  be  produced  by  a 
shock,  in  iron  which  appears  fibrous  when 
gradually  torn  apart. 

This  was  fully  proven  by  Kirkaldy. 
Mr.  Williams  was,  probably,  the  first  to 
make  the  experiment  just  described,  and 
thus  to  make  a  direct  comparison  of  the 
characteristics  of  fracture  in  the  same  iron 
at  different  temperatures. 

A  fair  inference  from  these  experiments 
is,  apparently,  that  a  reduction  of  tempera- 
ture increases  the  polarizing  force,  decreases 
the  viscosity  of  the  metal,  and  thus  causes 
its  fracture  to  assume  the  appearance 
which  characterizes  the  fracture  of  sub- 
stances which  are  remarkable  for  their 
rigidity;  while  elevation  of  temperature, 
increasing  viscosity,  allows  greater  exten- 
sion before  fracture,  and  this  greater 
toughness  is  "evidenced  by  the  sort  of 
fracture  characteristic  of  less  brittle  "ma- 
terials. 

60.  Nothing  in  these  experiments  affords 
any  indication  of  the  effect  of  change  of 
temperature,  in  this  instance,  upon  the 
strength  of  the  metal.  It  has,  however, 
been  shown  that  low  temperatures  increase 
the  strength  of  metals,  and  Mr.  Williams' 
experiments  are  confirmatory  of  the  suppo- 
sition, of  which  strong  evidence  has  already 
been  quoted,  that  it  also  decreases  re- 
silience, or  the  power  of  resisting  blows  and 
heavy  shocks. 

The  experience  of  every  mechanic  who 
has  observed  the  behavior  of  tools  and  of 
metals  at  different  temperatures,  also  con- 
firms this  belief.  Tools  yield  readily  to 
blows,  where  exposed  to  severe  cold,  al- 
though not  evidently  weak  under  steady 
strain. 

61.  It  has  been  remarked  (Article  22), 
that  we  should  anticipate  that  the  effects  of 
change  of  temperature  would  be  most 
marked  with  metals  of  low  melting  points. 

The  observations  of  Prof.  Fritzsche,  who 
noticed  that  extreme  cold  produced  upon 
tin  an  effect  somewhat  similar,  but  even 
more  striking  than  that  remarked  by  Mr. 
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Williams  in  the  case  of  iron,  may  be  ac- 
cepted as  corroborating  this  idea. 

The  well  known  variations  in  the  ductility 
of  zinc,  when  under  varying  conditions  of 
temperature,  are  also  noticeable  evidence  of 
the  marked  rapidity  of  such  changes, 
where  the  range  of  temperature,  within 
which  the  body  remains  solid,  is  narrow. 

62.  Reviewing  the  whole  ground,  it  be- 
comes evident  that  there  still  remains 
much  interesting  werk  to  be  done  in  deter- 
mining the  precise  effects  of  variation  of 
temperature  upon  the  strength  aud  duc- 
tility of  the  various  metals,  and  particu- 
larly, in  ascertaining  the  modifications  of 
the  general  law,  which  may  be  due  to 
differences  in  physical  and  chemical  struc- 
ture, where  they  are  combined  with  the 
metalloids,  or  united  as  alloys. 

Some  of  those  effects  which  have  been  at- 
tributed to  change  of  tenacity  in  the  ma- 
terial may  have  been  due,  in  some  degree, 
to  unequal  expansion  or  contraction.  It 
can  hardly  be  doubted  that  such  action 
often  modifies,  or  even  disguises,  the  change 
in  character  produced  by  real  changes  of 
intermolecular  forces.  It  is  certainly  the 
fact  that  changes  of  molecular  arrangement 
sometimes  occur  very  slowly. 

Ordnance  of  cast  iron  has  been  found  to 
gain  strength  slowly,  but  probably  steadily, 
for  years  after  its  removal  from  the  foun- 
dry ;  the  -familiar  belief  that  razors,  out  of 
use,  recover  the  cutting  quality  lost  by 
constant  employment,  may  probably  be 
founded  on  fact,  and  the  writer  has  often 
noticed  that  cold  chisels  and  ^similar  tools, 
when  found  after  long  disuse  and  exposure 
to  the  weather,  seem  to  have  regained  the 
strength  and  endurance  of  edge,  the  loss  of 
which  had  probably  caused  the  workman 
to  throw  them  aside. 

If  this  be  the  case,  a  sudden  alteration  of 
structure,  such  as  may  be  produced  by 
considerable  changes  of  temperature  may 
cause  a  change  of  quality,  which  only 
a  long  period  of  time  may  counteract.  Such 
action  would  evidently  be  most  marked 
with  brittle,  and  least  noticealla  with  duc- 
tile, metals,  and  the  fact  is  further  illustrat- 
ed by  the  circumstance  that  iron  castings, 
not  infrequently,  are  broken  while  cooling 
after  removal  from  the  mould,  while  bronze 
castings  are  very  rarely  thus  injured. 

63.  It  seems,  finally,  very  probable  that 
additional  investigation  will  be  found  to 
confirm  our  deductions  from  experiments 
already  made,  and  will  justify  the  following 

Vol.  IX.— No.  3—16 


conclusions  : 

1.  That  the  number  and  the  nature  of 
those  molecular  forces  which  determine  the 
physical  condition  of  matter  are  not  yet  fully 
ascertained,  but  that  these  forces  manifest 
themselves  in,  at  least,  three  distinct  modes 
of  action,  and,  as  thus  exhibited,  they  are 
known  as  repulsion,  cohesion,  and  polarity. 

2.  That  the  force  of  repulsion  is,  ap- 
parently, heat-motion,  or  some  closely  re- 
lated phase  of  energy ;  that  the  force  of 
cohesion  bears  some  resemblance  to  that  of 
gravitation,  but  seems  not  to  be  identical 
with  the  latter,  and  that  the  force  of  mole- 
cular polarity,  which  determines  the  mole- 
cular relations  of  position,  seems  to  bear 
some  distant  resemblance  to  that  of  magnetic 
polarity. 

3.  That  the  law  which  governs  the  varia- 
tion in  intensity  of  these  forces  with  changes 
of  intermolecular  distances,  is  undeter- 
mined, and  that  it  has  not  been  expressel 
by  any  mathematical  formula,  except  ap- 
proximately and  for  a  limited  range. 

4.  That  the  magnitudes  of  the  intermole- 
cular spaces,  and,  consequently,  the  volume 
of  any  mass,  are  variable  with  changes  in 
the  relative  magnitudes  of  the  forces  of  co- 
hesion and  repulsion. 

5.  That  the  resistance  offered  to  change 
of  form  is  determined  by  the  relations,  in 
intensity,  of  the  forces  of  polarity,  and  of 
those  forces  which  determine  intermolecular 
distances. 

6.  That,  at  the  "  absolute  zero  "  (—461.2 
deg.  Fahr.),  cohesion  and  polarity,  and, 
consequently,  the  strength  of  the  material, 
have  their  maximum  value,  heat  energy 
having  disappeared. 

7.  That  at  very  high  temperatures,  heat 
energy  exerts  a  separating  force  between 
particles,  which  entirely  overcomes  the 
other  forces,  and  matter  assuming  the 
gaseous  state  requires  the  action  of  ex- 
traneous force  to  preserve  its  volume  un- 
changed. 

8.  That,  at  intermediate  points,  matter 
in  either  the  solid  or  the  liquid  state  exhib- 
its a  definite  degree  of  separation  of  mole- 
cules, which  is  determined  by  the  intensity  ' 
of  the  repulsion  due  to  heat  motion,  a  posi- 
tion of  equilibrium  being  assumed  which, 
with  the  same  substance,  is  invariable  for 
the  same  temperature.  The  application  of 
some  kind  of  force  is  required  to  disturb 
this  equilibrium  and  to  produce  change  of 
volume.  The  amount  of  this  force  is  deter- 
mined, for  any  given  extent  of  disturbance, 
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by  the  maximum  value  of  cohesion  for  the 
substance  and  the  quantity  of  heat  which 
has  been  required  to  raise  it  from  the  abso- 
lute zero  of  temperature.  The  sum  of  the 
applied  force,  and  of  the  force  consequent 
upon  the  presence  of  heat  motion,  must 
exceed  cohesive  force  to  produce  dilatation, 
while  this  cohesive  force,  added  to  the  exter- 
nally applied  force,  must  exceed  the  force 
of  repulsion  to  produce  diminution  of  volume. 

9.  That  the  distinction  between  the  solid 
and  liqid  states  of  matter  is  due  to  the  ac- 
tion, in  the  former,  of  the  force  of  polarity, 
which  gives  stability  of  form,  while  in  the 
latter  this  force  is  extremely  feeble,  and 
disappears  altogether  before  the  boundary 
line  between  the  liquid  and  gaseous  states 
is  reached. 

That  combined  stability  and  elasticity  of 
volume  may  be  produced  by  the  equilib- 
rium of  attractive  and  repulsive  forces,  but 
that  stability  and  elasticity  of  form  de- 
mand the  co-existence  of  cohesion  and  po- 
larity. 

10.  That  the  general  effect  of  increase 
or  decrease  of  temperature  is,  in  solid  bod- 
ies, to  decrease  or  increase  their  power  of 
resistance  to  rupture,  or  to  change  of  form, 
and  their  capability  of  sustaining  "dead" 
loads. 

11.  That  the  general  effect  of  change  of 
temperature  is  to  produce  change  of  ductil- 
ity, and,  consequently,  change  of  resilience 
and  power  of  resisting  shocks  and  of  carry- 
ing "live"  loads.  This  change  is  opposite 
in  direction  and,  usually,  greater  in  degree, 
than  the  variation  simultaneously  occurring 
in  tenacity. 

12.  That  marked  exceptions  to  this  gen- 
eral law  have  been  noted,  but  that  it  seems 
invariably  the  fact  that  wherever  an  excep- 
tion is  observed  in  the  effect  upon  tenacity, 
an  exception  also  may  be  detected  in  the 
effect  upon  resilience.  Those  causes  which 
produce  increase  of  strength  appear  always  to 
cause  a  simultaneous  decrease  of  ductility, 
and  vice  versa. 

13.  That  experiments  upon  copper,  so 
far  as  they  have  been  carried,  indicate 
that,  with  that  metal,  the  general  law  holds 
good. 

14.  That  iron  exhibits  marked  deviations 
from  the  law,  between  ordinary  tempera- 
tures and  a  point  somewhere  between  500 
and  600  deg.  Fahr.,  the  strength  increasing 
between  these  limits  to  the  extent  of  about 
15  ppr  cent.,  with  good  iron.  That  this  va- 
riation becomes  more  marked  and  the  ob- 


served  effects   are   more   irregular   as  the 
metal  is  more  impure. 

15.  That  above  600  deg.,  and,  at  tem- 
peratures below  70  deg  Fahr.,  the  general 
law  holds  good  with  iron,  its  tenacity  in- 
creasing with  diminishing  temperature  be- 
low the  latter  point,  at  the  rate  of  from 
about  0.02  per  cent,  to  0.03  per  cent.,  for 
each  degree  Fahrenheit,  while  its  resilience 
decreases  in  a  much  higher  but  not  well 
determined  ratio  for  good  iron,  and  to  the 
extent  of  reduction  to  one-third  its  ordi- 
nary value  or  less,  at  10  deg.  Fahr.,  when 
"cold  short,"  and,  in  the  latter  case,  the 
set  before  fracture  may  be  less  than  one- 
fourth  that  noted  at  a  temperature  of  84  deg. 
Fahr. 

16.  That  the  viscosity,  ductility,  and  re- 
silience of  metals  are  determined  by  identi- 
cal conditions,  and  that  the  fracture  of  iron 
at  low  temperatures  has,  accordingly,  been 
found  to  be  characteristic  of  a  brittle  ma- 
terial, while,  at  higher  temperatures,  it  ex- 
hibits the  appearance  peculiar  to  ductile 
and  somewhat  viscous  substances.  The 
metal  breaks,  in  the  first  case,  with  slight 
permanent  set  and  a  short,  granular,  frac- 
ture, and  in  the  latter  with,  frequently,  a 
considerable  set  and  the  form  of  fracture 
indicating  great  ductility.  The  variation  in 
the  behavior  of  iron,  as  it  approaches  the 
welding  heat,  illustrates  the  latter  condition 
in  the  most  complete  manner. 

17.  That  the  precise  action  of  the  ele- 
ments with  which  iron  is  liable  to  be  con- 
taminated, and  the  extent  to  which  they 
modify  its  behavior  under  varying  tempera- 
tures, remain  to  be  fully  investigated,  but 
that  the  presence  of  phosphorus,  and  of 
other  substances  producing  "  cold  short- 
ness," exaggerates  to  a  great  degree  the 
effects  of  low  temperature  in  causing  loss  of 
toughness  and  resilience. 

18.  That  the  modifications  of  the  general 
law  with  other  metals  than  iron  and  cop- 
per, and  in  the  case  of  alloys,  have  not 
been  studied,  and  are  entirely  unknown. 

19.  That  thefce  conclusions  are  sustained 
by  experiments  of  both  physicists  and 
engineers. 

The  practical  result  of  the  whole  in- 
vestigation is  that  iron  and  copper,  and 
probably  other  metals,  do  not  lose  their 
power  of  sustaining  "dead"  loads  at  low 
temperatures,  but  that  they  do  lose,  to  a 
very  serious  extent,  their  power  of  sustain- 
ing shocks  or  resisting  sharp  blows,  and 
that  the  factor  of  safetv  in  structures  need 
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not  be  increased  in  the  former  case,   where 
exposure    to    severe   cold   is   apprehended. 


It  will   be   noticed  that  nothing  in   the 
evidence  here  quoted  indicates  crystallization 
but  that  machinery,  rails,  and   other  con-    or  any  change  of  molecular  grouping  to  be 
structions  which  are  to  resist  shocks,  should  j  consequent  upon  simple  change  of  tempera- 
have  large  factors  of  safety,   and  should  be    ture 


most  carefully  protected, 
extremes  of  temperature. 


if  possible,  from 


Stevens  Institute  of  Technology, 
Hoboken,  N.  J.,  May,  1873. 


ON  EECENT  IMPEOVEMENTS  IN  MILITARY  BREECH-LOADING 
RIFLES  AND  AMMUNITION. 


By  Captain  O'HEA. 


From  "  Journal  of  the  Society  of  Arts.' 


Although  the  years  which  have  passed 
by  since  1869  have  been  more  remarkable 
for  modifications  and  improvements  in  ex- 
isting systems — for  the  discovery  of  defects, 
and  in  some  instances,  for  their  correction, 
than  for  inventions,  nevertheless  these  years 
have  not  been  altogether  barren  of  novelty  ; 
more  than  one  invention  of  merit  and  pro- 
mise has  appeared. 

On  the  previous  occasion,  I  broadly  divid- 
ed my  subject  into  the  Ammunition  and  the 
Arm,  giving  precedence  to  the  Cartridge.  1 
see  no  reason  why  I  should  depart  from 
this  order  to-night ;  on  the  contrary,  three 
years  of  experience  have  rendered  me  more 
satisfied  than  ever  that  the  ammunition  is 
the  premier  division  of  the  subject  on  which 
I  write.  Without  proper  ammunition  the 
weapon  would  be  worthless  as  a  fire-arm  ; 
and  even  in  a  mercantile  point  of  view,  a 
small  arm  of  oar  time  fires  away  in  a  few 
years — and  in  many  cases  in  a  few  months 
— more  than  three  times  its  value  in  the 
cost  of  ammunition.  I  shall  not  then  de- 
pose the  Cartridge. 

The  past  three  years  have  not  been  re- 
markable for  improvements  in  the  gun- 
powder ammunition  for  breech-loading 
small-arms  ;  while  one  of  the  best,  if  not 
the  very  best,  British  metallic  cartridge — 
that  which  gained  the  Government  prize  of 
£400  in  the  cartridge  competition — has  be- 
come, I  regret  to  say,  difficult  to  obtain. 
One  or  two  modifications  of  existing  sys- 
tems have  been  put  forward  ;  I  am  not, 
however,  in  a  position  to  say  that  they  are 
improvements  ;  nevertheless,  although  the 
time  has  been  unprofitable  as  regards  im- 
provement, it  has  not  been  so  as  regards 
information  on  the  subject  of  ammunition. 
In  this  comparatively  short  period  a  great 
European  war  has  been  fought  out,  the  first 


in  which  the  breech-loader  has  been  used 
against  the  breech-loader,  both  the  armies 
engaged  having  also  used,  to  a  large  ex- 
tent, the  paper-cased  ammunition.  The 
subsequent  rejection  of  this  system  of 
cartridge  by  both  armies,  and  their  adop- 
tion of  the  metallic  re-loading  case,  afford 
the  strongest  evidence  of  the  superiority 
not  only  of  the  metallic  cartridge,  but  also 
of  the  system  which  furnishes  facilities  for 
reutilization. 

Before  leaving  the  subject  of  ammunition, 
I  would  offer  a  few  brief  observations  on 
the  metallic  cartridge  for  breech-loading 
small-arms,  in  particular  on  the  cartridge 
in  general  use  in  this  country  with  small- 
bore arms.  In  so  doing  I  must,  to  some 
extent,  repeat  what  I  stated  here  on  a 
former  occasion. 

With  reference  to  the  case,  it  is  now,  I 
believe,  acknowledged — all  other  conditions, 
save  the  primary  cost  of  manufacture, 
being  equal — that  the  cartridge-case  which 
can  be  reloaded  the  greatest  number  of 
times,  in  the  simplest,  readiest,  and  least 
expensive  manner,  is  the  best — the  primary 
cost  of  the  case  being  reduced  in  proportion 
to  the  number  of  times  it  can  be  re-utilized, 
the  weight  of  the  case  also  being  taken  into 
special  consideration.  Not  many  years  ago 
a  certain  number  of  soldiers  per  company 
had,  by  our  Musketry  Instruction,  to  be 
trained  to  the  manufacture  of  cartridges  for 
the  Enfield  rifle.  Might  not  the  practice  as 
regards  refilling  the  metallic  case  be  con- 
tinued, with  advantage  to  the  service  and 
to  the  revenue  ?  I  would  suggest  that 
there  might  be  instances  of  troops  being 
temporarily  shut  out  from  supplies  in  a 
detached  position,  when,  having  expended 
their  supply  of  the  loaded  metallic  car- 
tridges, the  practicability  of  reloading  the 
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case  might  be  tantamount  to  the  holding 
possession  of  the  post. 

I  would  further  remind  the  best  marks- 
men in  the  world — the  Volunteers  of  Eng- 
land— that  if  the  cartridge-cases  which  they 
extract  and  throw  away  in  such  large 
quantities  annually  were  capable  of  being 
returned  to  store  and  re- utilized  as  ball 
ammunition,  instead  of  being  sold  as  waste 
metal,  it  would  be  a  considerable  saving  to 
those  who  expend  so  much  ammunition 
in  the  year. 

With  respect  to  the  powder  charge,  the 
greater  the  powder  power  which,  in  a  given 
length  and  diameter  of  bore,  can  be  utilized 
to  propel  a  projectile  of  defined  weight,  the 
greater  the  initial  velocity — convenience  to 
the  soldier,  as  regards  recoil,  etc.,  being 
duly  considered.  The  greater  the  initial 
velocity  the  flatter  the  trajectory,  and,  as  a 
consequence,  the  longer  the  dangerous 
space ;  and  the  military  arm  giving  the 
flattest  trajectory  to  the  longest  distance 
must  be  the  most  efficient ;  for,  all  other 
points  being  equal,  there  is  a  gain  in 
vertical  accuracy,  and,  as  a  consequence,  a 
diminution  of  the  chance  of  error  in  judg- 
ing distance. 

With  regard  to  the  projectile  :  Without 
referring  to  the  best  form  (on  which  Major- 
General  Boileau,  E.E.,  is  unquestionably 
one  of  the  best  authorities)  or  to  the  compo- 
nent material,  further  than  to  remark,  that 
the  harder  the  material  of  the  projectile  the 
better,  especially  for  penetration,  I  would 
venture  to  offer  a  few  suggestive  remarks, 
the  result  of  practical  experience,  during 
the  past  few  years,  of  many  thousand  rounds 
of  ammunition. 

In  the  first  place,  it  would  appear  to  have 
escaped  special  notice,  but  it  is  nevertheless 
a  fact,  that  to  impart  to  the  projectile  in  its 
after-flight  the  rotation  due  to  the  pitch  of 
rifling  in  the  bore  from  which  it  is  fired,  it 
is  not  at  all  necessary  that  the  metallic  sur- 
face of  the  bullet  itself  should  be  compelled 
to  take  or  conform  to  the  rifling.  On  the 
contrary,  the  indenting  or  defacing  of  the 
surface  of  the  projectile,  by  means  of  the 
rifling  in  the  barrel,  becomes  materially 
injurious  in  its  after-flight  and  detrimental 
to  its  penetration.  All  the  rotation  due  to 
pitch  of  rifling  can  be  obtained  with  equal 
certainty  by  the  medium  of  a  proper  system 
of  paper  or  other  wrapping  on  the  bullet.  The 
projectile  of  the  Prussian  needle  gun  (Zund- 
iiadelgcicehr)  never  touches  the  barrel  from 
breech   to  muzzle;  it  is  carried   along  the 


rifling  and  receives  rotation  by  means  of 
the  sabot  in  which  it  is  seated.  I  have  used 
bullets  which,  without  any  wrapping,  passed 
through  the  rifle  bore  without  receiving  the 
slightest  mark  or  indentation  from  the 
rifling,  but  which,  when  fired  enveloped  in 
tough  paper,  gave  all  the  accurate  results 
obtained  from  the  rifled  bullet.  I  have  re- 
covered, in  an  almost  uninjured  state,  a 
large  number  of  the  Henry  projectiles  used 
with  the  Government  small-bore  ammuni- 
tion, and  on  almost  all  of  those  so  recovered 
there  is  scarcely  a  mark  of  rifling  in  front 
of  the  cannelure,  and  in  many  instances  not 
a  mark  of  rifling  even  below  the  cannelure. 
I  would,  however,  remark,  that,  to  really 
utilize  the  tough  paper  (or  other  slight  sub- 
stance medium),  for  the  purpose  of  rota- 
ting the  projectile,  a  fine  description  and  a 
blunt  pattern  of  rifling  ought  to  be  adopted. 
Rifling  of  a  sharp  angular  pattern  is  likely 
to  cut  the  wrapping  instead  of  indenting  it, 
and  thus  becomes  detrimental  to  accuracy  of 
after-flight. 

Again,  I  would  draw  attention  to  the  cu- 
rious misapplication  of  our  national  rule  of 
weight  in  the  case  of  the  small-bore  projec- 
tile adopted  by  the  Government,  and  in  gen- 
eral use  with  the  small-bore  breech-loaders 
of  this  country.  The  weight  of  the  projec- 
tile is  480  grains — 1  oz.  troy,  or  apotheca- 
ries' weight.  Now,  as  lead  and  all  other 
metals  except  gold  and  silver,  are  weighed 
by  avoirdupois  weight,  if  the  national  ounce 
bullet  is  to  be  retained,  might  it  not  be  well 
to  make  it  437^  grains,  or  the  ounce  avoir- 
dupois ?  That  this  could  be  done  without 
any  lessening  of  accuracy,  even  to  a  longer 
range  than  900  yards,  I  can  assert  from  ex- 
perience. 

I  will  now  refer  to  the  arm,  the  engine 
by  me;ins  of  which  the  power  stored  up  in 
the  cartridge  is  utilized,  and  to  the  im- 
provements which  have  been  brought  for- 
ward during  the  past  three  or  four  years. 

The  arm  I  shall,  as  before,  divide  into 
the  breech  mechanism,  the  rifled  barrel,  and 
the  mountings. 

I  would  remind  you  that  the  breech  ac- 
tion of  a  small  arm  is  the  means  by  which 
the  luading  of  the  arm,  the  firing  of  the 
cartridge,  and  the  extraction  of  the  case  are 
effected  ;  in  fact,  the  action  is  the  means 
of  assisting  and  facilitating  the  manipula- 
tion of  the  arm ;  and  that  action  which 
affords  the  greatest  and  most  perfect  assist- 
ance, combined  with  safety,  is'  the  best. 

The  rifled  barrel  is  the  means  by  which 
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the  projectile  receives  initial  direction,  and 
the  rotation  round  its  axis  of  progression 
necessary  for  steadiness  in  after-flight. 

The  mountings  are  intended  to  facilitate 
the  handling  of  the  arm;  in  some  cases 
they  add  to  the  general  appearance  and 
strength  of  the  weapon,  but  they  very  often 
impair  its  efficiency. 

Under  the  separate  heads  of  block  and 
bolt  action,  I  shall,  to-night,  refer  to  late 
improvements  in  the  breech  mechanism. 

In  the  block-breech  mechanism  there  are 
five  distinct  classes,  but  I  shall  only  speak 
of  three  : 

1.  The  rear-hinged  or  pivoted  dropping 
block,  of  the  American  Peabody  class. 

2.  The  vertical  sliding  or  wedge  block,  of 
the  American  Sharpe  class,  represented  in 
this  country  by  the  well-known  Henry, 
which,  in  connection  with  the  Henry  rifled 
barrel,  obtained  the  Government  prize  of 
£600. 

3.  The  side-hinged  swinging  block  of  the 
Snider  class. 

Of  the  other  two  classes,  namely,  the 
front-hinged  block  turning  over  on  the  bar- 
rel on  the  Mont-Storm  plan,  and  the  top  or 
balance-lever  block  of  the  Money-Walker 
class,  there  may  be  recent  modifications, 
but  they  have  not  come  under  my  notice. 

Of  the  first  class,  without  any  wish  to  ig- 
nore others  of  merit,  if  such  there  be,  I 
ask  your  attention  to  four  modifications. 

In  point  of  time  of  production,  the  Tran- 
ter stands  first ;  this,  like  every  arm  brought 
forward  by  Mr.  Tranter,  of  Birmingham, 
bears  the  stamp  of  much  mechanical  inge- 
nuity and  first-class  manufacture. 

Next,  the  Zeller,  a  clever  modification  by 
Zeller,  a  gun  maker  of  the  Hague,  of  the 
Bavarian  small  arm,  in  which,  by  means  of 
a  second  trigger  placed  inside  the  trigger- 
guard,  the  full  and  half  cocking  of  the  arm 
is  accomplished  without  the  necessity  of 
using  the  lever  or  moving  the  block.  The 
main  spring  is  also  noticeable  in  this  ac- 
tion. 

The  next  is  the  Harston,  the  modification 
of  C.  Greville  Harston,  of  Birmingham,  for 
which  the  patentee  claims,  in  addition  to 
simplicity  of  construction,  etc.,  increased 
safety  in  using  the  rifle,  from  the  fact  that 
the  action  has  three  points  of  resistance  to 
the  discharge  instead  of  one — viz.,  the 
hinge  of  the  block,  the  lug  of  the  lever 
engaging  with  the  lug  of  the  block,  and  the 
hammer,  when  the  arm  has  been  discharg- 
ed. 


And,  lastly,  the  Swinburn,  patented  with- 
in the  last  year,  a  very  clever  modification 
of  the  M  irtini,  for  which,  among  others, 
the  patentee  claims  the  following  advan- 
tages :  Great  reduction  of  wear  and  tear 
upon  the  working  surfaces,  in  consequence 
of  the  main-spring  offering  no  resistance  to 
the  closing  of  the  breech  ;  a  lighter  main- 
spring by  50  per  cent,  than  the  Martini, 
giving  greater  certainty  of  fire  ;  the  use  of  a 
safety  half-cock,  dispensing  with  the  com- 
plicated safety  bolt,  and  placing  the  firing 
apparatus  under  control  of  the  person  fir- 
ing, independently  of  the  breech-closing  ap 
paratus ;  and  finally,  a  pull-olf  of  trigger 
capable  of  being  regulated  and  made  as 
easy  as  that  of  a  sporting  rifle  ;  a  more  pow- 
erful extractor,  and  a  considerable  lessening 
in  number  of  pieces. 

In  the  foregoing,  the  avoidance  of  the 
use  of  a  spiral  spring  as  a  main  or  driving 
spring,  and  the  adoption  of  the  old  or  rib- 
bon mainspring,  will  be  noticed ;  a  waste  of 
power  in  compression  and  propulsion  is 
avoided,  and  the  light  or  medium  pull-off, 
absolutely  essential  to  accuracy  of  shooting, 
obtained. 

Of  the  vertical  sliding  block  there  have 
been  two  or  three  modifications,  but  I  trus* 
I  may  be  excused  for  introducing  only  one 
to  your  notice,  the  Aston,  the  invention  of 
Mr.  Aston,  armorer  to  the  School  of  Mus- 
ketry at  Hythe.  An  examination  of  thU 
breech-action  will  well  repay  those  present 
who  take  an  interest  in  mechanism  of  an 
ingenious  and  very  simple  character.  I 
would  only  remark  that  in  the  Aston  action 
there  are  ten  parts  or  pieces,  as  against  thir- 
ty in  the  Martini. 

The  rifle  has  a  block  action,  fitted  with 
two  flat  springs.  It  cocks  when  opening 
the  breech.  There  are  two  bents  for  full 
and  half  cock.  The  hammer,  in  striking 
the  cap,  moves  a  quarter  circle,  doing  away 
with  the  usual  piston  and  spiral  spring,  and 
is  not  so  liable  to  miss  fire  with  a  light 
spring.  The  breech  is  opened  and  closed 
by  a  lever  on  the  right  side ;  there  are  no 
projections  above  or  below  when  the  rifle  is 
opened  or  closed.  It  is  easy  to  strip  and 
put  together,  and  not  liable  to  get  out  of  or- 
der. The  barrel  can  be  cleaned  from  breech 
or  muzzle.  In  the  construction  of  the  rifle 
all  projections  have  been  avoided.  It  is  a 
simple  action,  with  very  few  parts,  and  can 
be  made  very  cheaply. 

Of  the  third  class,  the  side-hinged  swing- 
ing block,  I   will   also   mention  only  one, 
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the  Dunstan.  Indeed,I  am  not  aware  that 
any  other  improvement  on  this  description 
of  block  has  appeared  during  the  past  three 
or  four  years.  This  is  really  a  very  clever 
modification,  for  Mr.  Dunstan,  the  patentee, 
not  only  manages  to  enclose  the  limbs  or 
pieces  of  the  ordinary  side-lock,  in  a  small 
swinging-box  block,  but  he  uses  a  safety 
thumb-pressure  trigger,  by  means  of  which 
he  claims,  with  reason,  to  lessen  the  dis- 
turbing influence  to  accuracy  attending  the 
pull  of  trigger  as  usually  used  in  the  small 
arm. 

The  bolt  system  of  breech-action  has  not 
been  the  subject  of  much  modification  or 
improvement  of  late  years.  The  Chassepot, 
however,  has  been  or  is  being  modified  for 
the  use  of  a  metallic  cartridge,  and  the 
Prussian  needle  gun  is  also  being  modified 
on  a  system  called  the  Mauser. 

I  feel  that  I  cannot  close  my  description 
of  recent  improvements  in  breech  mechan- 
ism in  a  more  fitting  manner  than  by  in- 
troducing to  your  notice  the  new  Smith  and 
Wesson  pistol,  a  most  perfect  specimen  of 
the  revolver. 

More  than  two  years  and  a  half  ago  the 
Smith  and  Wesson  pistol  was  placed  in  my 
hands  by  Mr.  WTilliam  Read,  the  well- 
known  gun  and  ordnance  manufacturer  of 
Boston,  United  States,  and  since  that  time 
the  arm  has  been  subjected  to  most  se- 
vere tests.  I  have  no  hesitation  in  stating 
that  it  is  the  most  perfect  little  weapon  of 
its  kind  I  have  ever  tried.  A  detailed  de- 
scription of  this  arm  is  unnecessary.  The 
action  tells  its  own  tale. 

In  leaving  the  subject  of  the  breech- 
loading  action  in  general,  I  would  onvr  one 
or  two  observations  on  the  pull-off  of  trig- 
ger. The  pull-off  of  trigger  is  almost  as 
essential  to  steadiness  and  accuracy  of 
shooting  as  careful  training,  large  practice, 
and  good  nerve.  A  long  pull,  a  strong 
pull,  and,  above  all,  an  uncertain  pull  as 
regards  time  and  pressure,  is  not  the  pull- 
off  to  sustain  accurate  and  steady  shooting. 
The  long  retention  of  the  breathing  with 
such  a  pull-off  is  positively  uncomfortable, 
not  only  to  the  individual  about  to  fire,  but 
to  the  individual  looking  on.  A  pull-off  of 
not  more  than  5  or  6  lbs.,  and  a  sharp  and 
certain  release  of  sear  are  requisite  for  accu- 
racy of  shooting. 

A  long  reach  for  pull  of  trigger  is  also  a 
certain  cause  of  inaccurate  practice.  Our 
musketry  instruction  teaches  us  that  the 
finger   is  to  go  round  the   trigger  like  a 


hook,  while  the  remainder  of  the  hand 
holds  the  small  of  the  butt.  Where  the 
trigger  is  over  forward,  I  would  suggest 
the  use  of  a  curved  trigger,  to  facilitate  the 
steady  pull  or  pressure  of  the  trigger. 

Before  entering  on  the  second  division  of 
this  subject — the  rifled  barrel — it  might  be 
well  to  refer  briefly  to  the  origin  of  the 
rifle — to  explain  what  a  rifle  really  is,  and 
the  results  attained  by  rifling. 

Originally  rifling  was  used  as  a  system 
of  drainage  for  fouling  of  previous  dis- 
charge in  the  barrel,  to  facilitate  loading 
from  the  muzzle,  and  the  grooves  or  rifles 
were  straight  from  muzzle  to  breech.  A 
gunmaker  at  Nuremberg  is  said  to  have 
been  the  first  who  cut  these  drains  or  chan- 
nels on  a  curve — it  is  supposed  by  accident ; 
but  our  countryman,  Benjamin  Robins,  in 
a  tract  on  "  Rifled-barrel  Pieces,  published 
in  1747,  was  the  first  to  point  out  the  real 
effect  of  spiral  rifling  on  the  flight  of  pro- 
jectiles propelled  by  gunpowder.  A  rifled 
barrel  or  tube  is  literally  a  female  screw — 
the  nut  through  which  a  bolt — the  projec- 
tile— is  driven  with  more  or  less  velocity, 
according  to  the  power  applied  to  it,  and 
the  pitch  or  form  of  screw  offering  more  or 
less  opposition  to  its  transmission  ;  and 
rifling  is  now  used  for  the  purpose  of  giv- 
ing rotation  to  the  projectile  round  its  axis 
of  progression,  by  which  more  or  less  stead- 
iness is  given  to  it  in  its  after-flight. 

It  is  not  my  intention  to  enter  into  the 
history  of  the  rifle.  For  information  on 
the  »ubject  I  would  refer  to  a  lecture  given 
by  me  on  "Rifles  and  Rifling,"  at  the 
Royal  United  Service  Institution,  on  the 
28th  March  last.  My  paper  to-night  has 
reference  to  what  has  been  brought  for- 
ward during  the  past  three  or  four  years. 
In  that  period,  and,  indeed,  for  many  years 
previously,  there  has  been  but  one  radical 
improvement,  one  real  novelty  in  rifling, 
brought  forward.  I  refer  to  the  invention 
of  William  J.  Murphy,  Esq.,  of  Richmond, 
Cork.  This  invention,  for  it  is  an  invention 
of  an  exceptional  character,  cannot  be  said 
to  be  rifling  of  a  new  pattern,  since  it  em- 
braces every  known  pattern  ;  nor  can  it  be 
referred  to  under  the  head  of  pitch,  as  it  is 
applicable  to  pitch  of  any  and  every  de- 
gree. 

The  peculiarity  consists  in  rifling,  with 
inclined  rifling,  only  a  portion  of  the  bore 
— a  comparatively  small  portion — towards 
or  at  the  muzzle,  the  rifling  being  dispensed 
with  in  a  large  portion  of  the  bore  in  front 
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of  the  seat  of  shot,  where  it  has  hitherto 
been  an  impediment  to  the  initial  motion  of 
the  projectile,  and  consequently  a  cause  of 
recoil.  The  peculiarity  and  novelty  of  the 
system  consist  in  some  measure  in  confin- 
ing the  rifling,  not  only  to  that  portion  of 
the  bore  where  alone  (as  I  have  proved  by 
experiment)  rifling  can  be  necessary,  but 
to  the  very  portion  of  it  which  has  hitherto 
been  considered  the  weakest  ;  where,  in 
fact,  we  have  been  taught  to  believe  that 
any  impediment  to  the  free  exit  of  the  bullet 
would  involve  the  destruction  of  the  arm. 

The  patentee  claims  for  his  system  the 
following  advantages  :  first,  a  great  reduc- 
tion of  recoil,  without  any  reduction  of 
charge  or  increase  in  the  weight  of  the  arm. 
Secondly,  increased  velocity  of  projectile 
and  consequent  flatness  of  trajectory,  with- 
out any  loss  of  accuracy  of  direction. 
Thirdly,  from  the  position  of  the  rifling,  fa- 
cility for  punching,  drawing,  or  cutting,  and 
accurately  gauging  the  same  ;  and,  though 
last,  not  least,  a  very  considerable  reduction 
in  the  cost  of  manufacture,  with  more  ex- 
act evenness  of  pitch  and  form  of  rifling, 
consequent  mainly  on  the  small  portion  of 
the  bore  that  will  be  rifled. 

Mr.  Murphy  contends  that  the  fact  of  the 
surface  of  the  projectile  having  to  travel 
along  the  incline  of  the  rifling  towards  or 
near  the  muzzle,  retards  only  slightly,  with- 
out unduly  checking,  the  velocity  at  that 
point,  and  that  in  consequence  a  larger 
quantity  of  the  powder-charge  is  consumed, 
and  a  somewhat  greater  power  is  thus 
finally  applied  to  expel  the  projectile  from 
the  bore  than  with  the  ordinary  rifle.  In 
the  case  of  this  latter,  the  increasing  velo- 
city of  the  projectile  is  unimpeded,  save  by 
the  column  of  air  in  the  barrel,  until  it  es- 
capes from  the  muzzle,  except  when  in- 
creasing pitch  is  used. 

In  August,  1871,  Mr.  Murphy  placed 
his  invention  in  my  hands,  and  since  that 
date  I  have  subjected  the  system  to  ex- 
tended trials  with  many  arms  having  rifling 
of  various  patterns  and  degrees  of  pitch. 
My  experience  with  these  rifles,  which  ex- 
tends to  the  firing  of  several  thousand 
rounds  of  ammunition,  enables  me  to  state 
that  the  claims  of  the  inventor  have  been 
borne  out,  to  an  unusual  extent  as  inven- 
tions go  ;  and  this,  too,  under  the  difficul- 
ties attending  primary  manufacture,  and  a 
supply  of  ammunition  of  the  most  faulty 
and  uncertain  description  that  I  have  ever 
used,  the  only  supply  open  to  me. 


With  a  Martini  Henry  rifle,  bitted  out 
to  within  4  in.  of  the  muzzle,  using  the 
regulation  cartridge,  I  have  at  400  yards 
obtained  very  satisfactory  shooting  with 
elevation  for  275  yards  only  ;  at  500  yards 
with  elevation  for  350 ;  at  600  yards  with 
elevation  for  400.  With  a  barrel  rifled  on 
Mr.  Murphy's  rib  system,  having  the  same 
length  of  rifling  as  above,  I  have,  also  with 
the  regulation  cartridge,  at  500  yards  got 
good  targets  with  400  yards  elevation  ;  at 
600  yards,  with  sighting  for  450  ;  and  at 
700  yards  with  elevation  for  550.  With  a 
Peabody-Murphy,  the  trajectory  flattens  in 
like  ratio  as  with  the  last  named  arm,  as 
you  get  further  from  the  target.  With  a 
Henry  barrel  attached  to  a  Westley-Bich- 
ards  breech-action,  using  the  Westley-B,ich- 
ards  cartridge  (76  grains  powder,  480 
grains  projectile),  I  have  got  equally  good 
results  as  regards  trajectory,  with  extreme 
accuracy  of  direction.  Lastly,  not  to  weary 
you  with  a  further  account  of  experiments, 
I  have,  with  a  Navy  Enfield,  obtained 
admirable  shooting  up  to  600  yards,  but 
with  less  gain  in  flatness  of  trajectory, 
owing  to  the  thinness  of  the  metal  at  the 
muzzle. 

I  cannot  hesitate  to  express  my  convic- 
tion— a  conviction  founded  not  on  theory, 
but,  as  I  have  said,  upon  extended  practice 
— that  rifling  barrels  all  through,  from  the 
seat  of  shot  to  the  muzzle,  is,  for  all  the  ad- 
vantages that  rifling  is  intended  to  secure, 
unnecessary,  and  simply  a  waste  of  time, 
metal,  and  labor — which  means  money ; 
and  I  have  every  confidence  that  when  the 
Murphy  principle  is  known,  and  the  system 
fully  and  fairly  tested,  this  arm  will  find  its 
place. 

I  would  add,  that  I  have  fired  more  than 
100  rounds  per  barrel  at  a  time,  from  near- 
ly all  the  barrels  converted  on  this  system, 
without  cleaning,  and  without  having  a 
strip,  or  failure  as  regards  vertical  accura- 
cy. Of  course,  like  many  others,  when 
I  first  commenced  testing  this  system,  there 
were  failures,  and  bullets  left  the  bore 
without  taking  the  rifling. 

With  reference  to  the  last  section  of  this 
division,  I  will  offer  but  one  brief  remark. 
Bands  on  a  barrel  are,  to  a  certain  extent, 
detrimental  to  even  expansion,  and  conse- 
quently to  accuracy.  To  all  who  use  a  di- 
vided stocked  arm,  this  must  be  evident. 
The  bands,  as  well  as  the  half-stock,  of  the 
Martini-Henry,  have  to  be  pinned,  in  order 
to  prevent  their  being   carried   away   over 
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the  muzzle  by  the  wave  of  metal  con- 
sequent on  the  passage  of  the  bullet 
up  to  the  bore  ;  and,  besides,  this  fasten- 


ing on  necessitates  the  fixing  of  an  addi- 
tional lump  of  metal  on  the  surface  of  the 
barrel. 


ON  MOIST  CJEE  IN  EOEESTS. 


From  "Iron." 


The  climate  of  a  place  is  determined  by 
temperature  and  by  moisture.  In  order  to 
understand  the  influence  of  forests  upon  a 
climate  we  require  to  ascertain  in  what  way 
they  affect  both  these  factors.  A  few  weeks 
ago  we  gave  the  results  of  a  series  of  ex- 
periments fat  seven  stations  in  Bavaria) 
by  Herr  Ebermeyer,  the  object  of  which 
was  to  determine  the  influence  of  forests 
on  temperature.  The  following  are  the 
views  to  which  the  same  observer  has 
been  led  with  reference  to  moisture  in  air 
and  soil : 

The  absolute  moisture  of  forest  air  ap- 
peared, in  the  course  of  a  year, to  be,  on  the 
whole,  hardly  greater  than  that  of  air  in 
the  open  field  In  the  individual  seasons, 
also,  and  months,  the  forest  seemed  to  have 
hardly  any  influence  on  the  absolute  quan- 
tity of  moisture  in  the  air. 

It  was  otherwise,  however,  with  the  rela- 
tive moisture,  which  is  of  more  practical 
interest.  As  the  temperature  of  air  in  the 
forest  is,  on  the  whole,  lower  than  that  in 
the  open  field,  the  forest  air  must,  with  the 
same  absolute  moisture,  have  a  greater  rela- 
tive moisture  than  that  in  the  open.  The 
former  is  nearer  its  point  of  saturation,  and 
a  determinate  lowering  of  temperature  will 
therefore  produce  a  separation  of  water  more 
readily,  and  in  greater  quantity,  than  in  the 
open. 

This  difference  of  relative  moisture  is 
much  more  marked  in  high  lands  than  in 
low  lands  ;  quite  corresponding  to  the  in- 
creasing values  of  the  difference  of  temper- 
ature between  forest  air  and  open  air  as  you 
rise  above  the  sea- level.  Farther,  because 
the  difference  of  temperature  is  greater  in 
summer,  the  relative  moisture  of  forest  air 
in  summer  exceeds  that  of  the  open  air  by 
a  greater  amount  than  in  the  other  seasons 
of  the  year. 

The  forest  thus  makes  the  climate  moister, 
and  more  in  summer,  in  the  time  of  vege- 
tation, than  in  other  seasons.  The  differ- 
ence of  relative  moisture  between  forest  air 
and  that  in  the  open  was — in  spring  5.70 
per  cent;  in  summer,  9.28  per  cent.;  in 


autumn,  5.22  per  cent.  ;  and  in  winter,  5.24 
per  cent. 

The  greater  relative  moisture  of  air  in 
the  forest  must,  like  the  lower  temperature, 
affect  the  amount  of  evaporation.  Obser- 
vation was  made  of  the  quantities  of 
water  evaporated  from  a  free  water  surface 
in  forest  and  in  the  open  field ;  and  it  ap- 
peared that,  on  an  annual  average,  the 
evaporation  is  about  2.7  times,  or  64  per 
cent.,  smaller  in  the  former  than  in  the 
latter.  On  comparing  seasons,  it  appears 
that  here  also  the  influence  of  the  forest  is 
greatest  in  summer ;  it  was  nearly  4  time  s 
as  great  as  in  winter.  But  even  in  winter 
there  was  evaporated,  on  the  other  hand,  2J 
times  less  in  forest  than  in  the  open.  As 
the  difference  of  temperature  between  air 
in  the  forest  and  that  in  the  open  is  very 
small,  the  lower  temperature  cannot  alone 
be  the  cause  of  the  smaller  water  evapora- 
tion ;  this  is  probably  conditioned,  in  great 
part,  by  the  much  weaker  motion  of  air  in 
the  forest. 

It  is  instructive  to  study  the  amount  of 
evaporation  from  a  free-water  surface  in  the 
individual  months.  We  learn  that  in  no 
month  did  the  water  evaporation  in  the  forest 
reach  that  in  the  open.  The  difference  in 
the  warmest  and  dry  est  months,  July  and 
May,  was  on  an  average  290.28  cubic 
inches  water  per  sq.  ft.  of  water  surface. 
The  smallest  difference  was  in  November, 
being  only  49.17  cubic  inches.  If,  however, 
we  turn  from  the  absolute  quantities  of 
water  evaporated  in  forest  and  open,  and 
consider  the  relative  proportion,  i.  e.,  if  we 
ascertain  the  numbers  which  express  how 
many  times  the  evaporation  in  the  forests 
was  smaller  than  that  in  the  open,  we  find 
that  this  relative  proportion  does  not  essen- 
tially alter  in  the  several  months,  and  that, 
in  the  forests,  on  an  average,  two  to  three 
times  less  water  is  evaporated  than  in  the 
open. 

Of  greater  practical  interest  than  the 
evaporation  from  a  free  water  surface  is 
that  from  the  ground.  This  was  at  the 
various  stations,  measured  directly  ;  only  in 
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the  summer  half  of  the  year,  indeed,  as  in 
winter,  the  apparatus  was  liable  to  injury, 
in  consequence  of  the  freezing  of  the  ground. 
Not  only  forest  and  open  field  were  com- 
pared with  each  other,  but  the  influence  of 
litter-covering  (streu  decke)  was  examined. 
The  results  were  as  follows  :  — 

The  forest  alone,  without  litter-covering, 
diminishes  the  evaporation  of  ground-water 
(a9  compared  with  that  in  the  open)  about 
62  per  cent.  ;  the  evaporation  is  about  2.6 
times  less  in  the  forest  than  in  the  unwood- 
ed  ground.  With  litter-covering,  the  evap- 
oration of  ground  water  was  farther  di- 
minished (as  compared  with  the  open  field) 
about  22  per  cent.,  being  about  1.3  times 
less.  Forest  and  litter-covering  together 
diminish  by  about  85  per  cent,  the  evapora- 
tion of  ground- water.  In  litter-covered  for- 
est ground,  the  evaporation  of  ground-water 
is  about  60  per  cent.,  or  2.5  times  less  than 
in  forest  ground  without  litter.  The  im- 
portant influence  of  litter-covering  on  the 
evaporation  of  the  moisture  in  the  ground  is 
thus  apparent. 

The  influence  of  the  forest  on  meteoric 
precipitates  comes  next  to  be  considered, 
and  from  two  points  of  view.  It  is  desir- 
able to  know  how  much  of  the  falling  rain 
and  snow  reaches  the  ground  in  a  forest  as 
compared  with  an  unwooded  surface,  i.  e., 
how  much  of  it  is  intercepted  in  the  upper 
parts  of  the  forest  trees.  Anoth  •.•  question 
is :  What  influence  have  forests  on  the 
quantity  of  rain  in  a  country?  Do  they 
favor  the  formation  of  rain  or  not  ?  The 
Bavarian  experiments  furnish  some  infor- 
mation on  these  subjects. 

Comparing  the  quantities  of  rain  and 
snow  which  fell  on  the  open  with  those 
winch  reached  the  forest  ground,  it  appears 
that  on  an  average  of  all  the  stations,  the 
latter  was  about  74  per  cent,  of  the  former. 
The  tops  of  the  trees  in  a  normal  forest  thus 
intercept  about  26  per  cent.,  or  a  quarter  of 
the  water  precipitates.  The  inferiority  in 
supply  of  water  to  the  forest  ground,  as 
compared  with  the  ground  of  the  field,  is  of 
course,  however,  smaller,  because  only  a 
portion  of  the  rain  and  snow  falling  on  the 
tree  tops  is  evaporated  ;  the  remainder  flows 
down,  by  branches  and  stem,  into  the 
ground.  In  forests  of  proper-leaved  trees, 
the  annual  quantity  of  rain  and  snow  which 
reached  the  ground  was  greater  than  in 
forests  of  acicular-leaved  trees  ;  which  is 
explained  by  the  fact  that  in  winter  the 
former  have  no  foliage. 


Coming  to  the  other  question,  the  influ- 
ence of  forests  on  the  formation  of  rain  and 
snow,  it  is  at  once  evident  that  several  other 
influences  or  "  moments"  affect  the  quantity 
of  meteoric  precipitates,  and  must  first  be 
eliminated.  First  among  them  is  that  of 
height  above  the  sea  level.  Of  the  two 
stations— Rohrbrunn  and  AschafTenburg, 
only  four  hours  distant  from  each  other, 
the  former  lies  1,067  ft.  higher,  and  here 
the  annual  rain  and  snow-fall  is  about  38 
per  cent.,  or  more  than  a  third  greater  than 
in  Aschaffenburg.  Farther,  Bohrbrunn  has, 
on  an  average,  166  rainy  and  snowy  days ; 
Aschaffenburg  only  142.  Not  less  impor- 
tant, in  the  formation  of  rain,  is  the  site, 
and  the  prevalence  of  certain  winds  at 
particular  stations. 

Herr  Ebermeyer's  results  lead  him  to 
affirm  that  in  plains  of  the  same  general 
character,  the  influence  of  forest  on  quan- 
tity of  rain  is  very  small,  and  that  it  has 
also  no  marked  influence  on  the  percent- 
age distribution  of  rain.  With  elevation 
above  the  sea-level,  the  importance  of  the 
forest,  as  regards  influence  on  rain  quantity 
increases  ;  on  mountains  it  has  a  higher 
value  than  on  plains.  In  the  summer  half 
year  the  action  of  the  forest  on  the  rain 
quantity  is  much  greater  than  in  the  winter 
half  year. 

If  we  compare  the  precipitates  falling  on 
the  square  foot,  with  the  quantities  of  water 
evaporated  from  an  equal  free  water  sur- 
face in  forest  and  in  the  open  field,  it  ap- 
pears that,  almost  everywhere,  the  annual 
rainfall  was  greater  than  the  evaporation  ; 
at  one  station  only  there  was  more  evapora- 
tion, in  the  open  field,  than  rain.  The 
higher  the  place  is,  the  greater  is  the  excess 
of  rain  and  snow  water  over  the  quantity  of 
water  evaporated.  In  the  interior  of  a 
forest  the  evaporation  is  so  small  that  a 
much  larger  quantity  of  water  reaches  a 
water  surface,  and,  of  course,  also  the 
ground,  than  is  dissipated  by  evaporation. 

As  in  a  forest,  about  26  per  cent,  less  of 
the  entire  rain  quantity  reaches  the  ground 
than  in  the  open  field,  it  might  be  expected 
that  the  quantity  of  water  which  passes 
through  the  forest  ground  would  be  smaller 
than  that  through  the  unwooded  ground. 
This  is  not,  however,  the  case.  Cylindrical 
lead  vessels  of  1  ft.,  2  ft.,  and  4  ft.  depth, 
having  a  sieve  bottom,  and  filled  with  earth, 
were  so  buried  in  the  forest  and  in  the 
open,  that  their  edges  was  nearly  level 
with  the  surface.     Under  each  sieve  was  a 
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load  funnel  and  tube  by  which  the  water 
passed  into  a  trench,  from  which  it  was 
afterwards  removed  in  graduated  vessels. 
There  passed  through  the  litter-covered 
forest  ground,  per  3  sq.  ft.  of  surface, 
about  152  cubic  in.  more  water  than  in  the 
open  field  ;  the  difference  was  most  marked 
at  2  ft.  depth,  and  thus,  generally,  in  the 
root  region  of  the  trees,  where  the  quantity 
of  water  which  passed  was,  on  an  average, 
457  cubic  in.  greater  than  in  the  unwooded 
ground.  Evidently  the  smaller  quantity  of 
precipitates  in  the  forest  is  more  than  bal- 
anced by  the  less  evaporation  from  the 
forest  ground. 

For  agricultural  purposes,  it  is  important 
to  ascertain  the  quantities  of  water  which 
pass  through  the  ground  in  the  several 
seasons  ;  and  of  special  interest  is  the  be- 
havior of  field  and  forest  ground,  with  re- 
ference to  water,  during  the  time  of  vege- 
tation. The  mean  numbers  of  all  observa- 
tions show  that  in  the  open  field  most  water 
penetrates  the  ground  in  winter;  next 
comes  spring,  then  autumn,  and  last  sum- 
mer. The  difference  between  summer  and 
winter  is  very  great.  In  summer,  when 
evaporation  is  greatest,  the  quantity  of 
water  which  passed  through  was  at  1  ft. 
depth,  3  J*  times  ;  at  2  ft.  4|  times;  and  at 
4  ft.  lh  times,  less  than  in  winter.  The 
forest-covered  ground  behaves  towards 
water  quite  differently,  and  the  litter-cover- 


ed ground  is  again  different  from  that 
without  litter.  In  forest  ground  without 
litter-covering,  the  quantity  of  water  at  1  ft. 
depth  is  greatest  in  winter,  then  follows 
spring ;  and  in  autumn  and  summer  it  is 
nearly  equal  in  litter-covered  forest  ground; 
the  quantities  of  water  penetrating  in  all 
the  four  seasons  were  nearly  equal. 

If  we  compare  the  forest  ground  with 
the  open  field,  the  quantity  penetrating  the 
former  is,  in  winter,  less  than  that  pene- 
trating the  latter.  In  spring,  the  forest 
ground  at  4  ft.  depth,  gave,  per  3  sq.  ft., 
about  133.42  cubic  in.  more  water  than  the 
unwooded  ground.  In  summer,  litter-covered 
forest  ground  gave,  at  4  ft.  depth,  1245.71 
cubic  in.  more  water,  per  3  sq.,ft.,  than 
the  ground  in  the  open  ;  while  in  forest 
ground  without  litter,  at,  1  ft.  depth,  twice 
as  much  water  passed  through  as  in  the 
open.  In  antumn,  lastly,  the  penetrating 
quantities  of  water  in  forest  and  in  field 
were  nearly  equal.  The  action  of  the 
forest  and  of  litter  covering,  on  the  water 
contents  of  the  ground  and  on  the  humidity 
of  a  region,  is  thus  most  marked  in  the 
warmest  season,  and  in  hot  countries.  The 
forest  produces  an  equable  distribution  of 
the  ground-moisture  in  the  several  seasons 
of  the  year. 

From  the  foregoing  observations,  the  in- 
fluence of  forest  on  vegetation  and  on  water 
springs,  might  be  readily  deduced. 


ONE  HUNDKED  MILES  AN  HOUB. 


From  "The  Engineer." 


It  will  scarcely  be  disputed  that  to  pos- 
sess the  power  of  traversing  long  distances 
at  a  velocity  of  100  miles  an  hour  would  be 
advantageous  to  a  very  large  section  of  the 
community.  The  average  speed  on  the 
best  mail  coach  lines  in  1829  and  1830  was 
a  little  over  10  miles  an  hour ;  and  many 
individuals  possessing  the  power  of  think- 
ing clearly  and  writing  well,  argued  that 
no  augmentation  of  mail  coach  speed  was 
necessary,  desirable,  or  likely  to  produce 
any  benefit  to  the  nation.  The  advent 
of  railway  speeds  sufficed  in  a  very  short 
time  to  prove  that  all  arguments  of  this 
kind  were  fallacious.  In  1830  speeds  of  30 
miles  an  hour  were  regularly  attained  by 
railway  trains,  and  the  advantages  to  be 
derived  from  this  rate  of  travelling  were 
quickly  and  keenly  appreciated  by  the  pub- 


lic. In  the  same  way  and  for  the  same 
reasons,  it  is  certain  that  the  benefits  to  be 
gained  by  the  power  of  reaching  Liverpool 
in  two  hours,  or  Vienna,  for  example,  in 
twelve  hours,  would  be  quickly  recognized 
by  the  nation ;  and  it  is  probable  that  a 
sufficient  number  of  passengers,  at  consid- 
erably higher  fares  than  those  which  are 
now  paid,  would  be  obtained  on  any  great 
main  line  to  justify  directors  in  putting  on 
one  or  two  extra  trains  in  the  day  which 
would  maintain  when  running  an  average 
velocity  of  100  miles  an  hour.  How  much 
the  public  would  be  content  to  pay  for  such 
a  privilege  it  is  of  course  impossible  to  say 
with  accuracy ;  but  we  believe  there  is  a 
fair  probability  that  trains  travelling  at  100 
miles  an  hour  could  be  made  to  pay,  pro- 
vided  the   cost  of  running   them  was  not 
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enormously  in  excess  of  the  cost  of  running 
an  ordinary  express  train  timed,  say,  at  45 
miles  an  hour.  In  considering  the  subject, 
this  question  of  cost  is  one  of  the  most  impor- 
tant features  to  be  dealt  with.  A  more  im- 
portant question,  however,  is  this  : — Is  it 
possible  to  attain,  or,  having  attained,  to 
maintain,  at  any  price  whatever,  or  under 
any  conceivable  conditions,  a  velocity  of  100 
miles  per  hour  ?  This  question  must  be 
settled  first,  as  it  would  be  absurd  to  at- 
tempt to  calculate  the  cost  of  an  impractica- 
ble undertaking. 

The  highest  railway  speeds  in  the  world 
are  attained  in  England,  and  the  highest 
railway  speed  in  England  is  attained  on  the 
Great  Western  Railway,  and  this  speed 
may  be  taken  roundly  as  50  miles  an  hour. 
But  this  by  no  means  represents  the  maxi- 
mum velocity  which  can  be  reached  in  run- 
ning with  a  powerful  engine  and  a  light 
train  on  a  good  line.  There  is  a  tradition 
in  existence  that  Brunei  once  travelled  from 
Swindon  to  London  at  80  miles  an  hour ; 
but  we  have  never  been  able  to  obtain  a 
shadow  of  proof  that  this  speed  has  been 
reached  under  any  circumstances  or  at  any 
time  whatever  on  a  railway.  Mr.  Stirling 
has  run  with  one  of  his  great  outside  cylin- 
der express  engines  and  a  train  of  16  car- 
riages at  70  miles  an  hour  on  the  Great 
Northern,  on  a  level  or  with  a  slightly  fall- 
ing gradient ;  and  we  know  that  the  Yar- 
mouth express  on  the  Great  Eastern  some- 
times has  reached  a  speed  of  64  miles  an 
hour  down  the  Brentwood  bank.  On  two 
occasions  some  years  ago,  in  Ireland,  we 
ran  14  miles  in  16  minutes  with  a  powerful 
engine  and  a  train  of  but  two  carriages. 
Much  of  the  run  was  done  at  over  65  miles 
per  hour.  On  the  Boston  &  Albany  road, 
U.  S.,  the  54  miles  between  Springfield  and 
Worcester  were  run  by  an  engine  with  16 
in.  cylinder,  22  in.  stroke,  and  6|  ft.  driv- 
ing wheel,  in  58  minutes.  Much  of  the  run 
was  done  at  nearly  70  miles  an  hour.  On 
a  first-class  line  there  can  be  no  question, 
therefore,  that  a  speed  of  65  to  70  miles  an 
hour  may  be  available  with  safety.  It  is 
doubtful,  however,  whether  a  much  higher 
velocity,  such  as  100  miles  an  hour,  would 
also  be  available  without  incurring  enor- 
mous risks  of  derailment.  Brunei  proposed 
at  one  time,  when  a  line  was  laid  on  stone 
sleepers  or  piles,  to  take  a  truck  over  it 
with  two  revolving  grindstones  in  front 
which  should  grind  the  rails  to  a  dead 
smooth  face.     His  ideal  of  permanent  way 


was  a  lathe  bed.  We  know  now,  and  Bru- 
nei lived  long  enough  to  know  also,  that 
many  of  the  ideas  he  entertained  in  the 
early  days  of  his  career  were  chimerical. 
But  we  none  the  less  believe  that  it  would 
be  possible  to  lay  permanent  way  so  well, 
and  to  maintain  it  in  such  excellent  order, 
that  trains  might  travel  on  it  with  perfect 
safety  at  100  miles  an  hour.  Miles  upon 
miles  of  such  track  are  to  be  found  now  on 
most  of  our  great  main  lines,  but  it  is  not 
to  be  disputed  that  nowhere  can  100  con- 
secutive miles  of  permanent  way  in  perfec- 
tion be  found,  and  as  a  chain  is  no  stronger 
than  its  weakest  link,  so  a  few  hundred 
yards  of  bad  track  would  spoil  for  the  pur- 
pose of  travelling  at  100  miles  an  hour  a 
whole  line.  It  would  not  be  impossible, 
however,  to  maintain  a  line  of  such  rails 
from  London  to  Liverpool  or  York.  First- 
rate  ballasting  would  be  required,  and  the 
rails  would  be  best  constructed  on  Ashcroft's 
system,  that  is  to  say,  with  a  steel  head 
laid  between  two  iron  cheeks,  so  that  no 
fish-plates,  nor  any  joints  in  the  ordinary 
sense  of  the  word,  would  be  used.  The  rail 
would,  of  necessity,  be  of  great  depth  to 
insure  rigidity,  without  which  the  resistance 
would  be  so  augmented  that  the  required 
velocity  could  not  be  maintained.  It  is 
scarcely  necessary  to  add  that  steep  inclines 
would  be  absolutely  excluded  by  the  con- 
ditions. 

Let  us  assume  that  a  line,  good,  safe,  and 
rigid  enough  for  a  speed  of  100  miles  an 
hour  is  to  be  had.  That,  in  fact,  it  is  pro- 
vided ready  to  the  hand  of  the  mechanical 
engineer — the  man  who  has  to  design  the 
rolling  stock  to  work  it — and  proceed  to 
consider  what  this  rolling  stock  must  be. 
It  is  obvious  that  the  carriages  should  be 
as  light  and  strong  as  possible,  and  we 
shall  content  ourselves  with  this  statement 
regarding  them  for  the  present.  The  real- 
ly important  question  is,  given  the  line  and 
the  carriages  fit  for  it,  what  shall  the  en- 
gine be  like,  and  is  it  possible  to  construct 
an  engine  at  all  which,  with  a  moderately 
heavy  train,  will  attain  and  maintain  a  ve- 
locity of  100  miles  an  hour,  on  a  line  with 
no  grade  heavier  than  say  1  in  300.  The 
first  points  to  be  setiledare,  how  much  pow- 
er can  a  locomotive  of  a  given  size  develop, 
and  how  much  power  shall  we  require  to 
haul  a  train  which  will  suffice  to  satisfy  the 
demand  of  that  portion  of  the  public  wish- 
ing to  travel  at  100  miles  an  hour  ?  Let  us 
assume  that  the  train  will  consist  of  three 
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first-class  carriages  and  a  brake  van,  the 
carriages  weighing  each  8^  tons  and  the 
van  10  tons,  or  in  all,  say  35  tons.  No  ex- 
periments whatever  have  been  made  with 
trains  travelling  at  a  speed  of  100  miles  an 
hour,  and  it  is  therefore  impossible  to  do 
much  more  than  guess  at  the  probable  re- 
sistance to  be  overcome.  At  60  miles  an 
hour  on  an  ordinary  line,  and  making  due 
allowance  for  contingencies,  it  cannot,  ac- 
cording to  experiments  carefully  carried 
out  both  in  France  and  in  this  country,  be 
much  under  40  lbs.  per  ton.  At  30  miles  an 
hour  the  resistance  is  about  20  lbs.  per  ton  ; 
at  47  miles  an  hour  the  resistance  reaches 
32.5  lbs.  If  the  resistance  goes  on  increas- 
ing in  this  proportion,  then  the  resistance 
at  100  miles  an  hour  cannot  be  less  than  75 
lbs.  per  ton  ;  but  it  may  be  very  much  more, 
and  it  would  not,  we  think,  be  safe  to  take 
it  at  less  than  120  lbs.  per  ton.  Now  a 
speed  of  100  miles  an  hour  is  146.5,  or  in 
round  numbers,  146  ft.  per  sec,  or  8,800 
per  min.  This  multiplied  by  120  and  di- 
vided by  83,000,  gives,  say  32  horse  pow- 
er. Therefore  each  ton  moved  at  100  miles 
an  hour  will  represent  32-horse  power. 
The  " Great  Britain"  broad-gauge  Great 
Western  engine,  with  its  tender,  in  running 
order  represents  a  weight  of  about  64  tons, 
and  a  beating  surface  of  2,100  sq.  ft.  This 
engine  has  indicated  over  800-horse  power. 
To  run  such  a  machine  and  a  train  weigh- 
ing 35  tons,  or  a  gross  load  of  99, '  or,  say, 
in  round  numbers  100  tons  at  100  miles  an 
hour,  would  require  100  X  32  or  3,200- 
horse  power,  or  just  four  times  more  power 
than  the  most  powerful  high  speed  locomo- 
tive that  has  ever  been  built  could  exert. 
To  run  the  engine,  weighing  38  tons,  alone, 
would  require  a  power  of  1,216  horses,  as- 
suming that  the  engine  resistance  was  iden- 
tical with  that  of  a  carriage.  These  figures 
suffice  to  prove  that  it  is  absolutely  impos- 
sible to  obtain  a  speed  of  100  miles  an 
hour  on  a  railway  if  the  resistance  is  any- 
thing like  120  lbs.  per  ton. 

It  will  be  seen,  then,  that  the  whole 
question  may  be  narrowed  to  one  point,  and 
that  point  is  train  resistance.  It  is  little 
more  than  waste  of  time  to  discuss  any  oth- 
er question  connected  with  the  matter,  such 
as  safety  and  working  expenses,  until  it  has 
been  settled  whether  it  is  or  is  not  possible 
so  far  to  reduce  resistance  that  it  will  be- 
come possible  to  construct  an  engine  of  suf- 
ficient power  to  fulfil  the  intended  purpose. 
Many  improvements  have  been  effected  in 


the  construction  of  locomotives  since  the 
Great  Britain  was  built,  but  we  shall  be 
going  almost  too  far  if  we  take  it  for  grant- 
ed that  an  engine  can  be  constructed  which 
will  ^eigh  in  running  order  30  tons  only, 
and  yet  be  able  to  develop  1000-horse  pow- 
er. It  is  probably  not  possible  to  construct 
such  an  engine.  Now  1000-horse  power 
represents  33,000,000  foot-pounds  per  min. 
If  the  resistance  is  to  remain  equivalent  to  32 
or  33-horse  power  per  ton,  it  follows  that  the 
maximum  load  that  1000  horse-power  could 
transport  at  100  miles  an  hour  is  only  about 
32  tons.  As,  however,  the  engine  alone 
would  weigh  30  tons,  next  to  nothing  is  left 
for  coal  or  water,  to  say  not  a  word  about 
passengers.  With  a  60-ton  engine  it  is 
doubtful  if  we  should  have  much  more 
margin  of  power  than  would  barely  suffice 
to  carry  a  very  limited  supply  of  water  ; 
certainly  nothing  like  enough  for  even  a 
ten  minutes'  run,  and  as  Ramsbottom 
troughs  could  not  be  laid  down  every- 
where, the  scheme  would  break  down  at 
once,  simply  on  the  ground  that  water 
enough  could  not  be  carried. 

If  it  can  be  shown,  however,  that  the  re- 
sistance could  be  brought  much  below  120 
lbs.  per  ton,  then  it  may  be  possible  to  attain 
a  velocity  of  100  miles  per  hour.  A  train 
of  16  carriages  and  a  Great  Northern  Ex- 
press engine  may  be  taken  to  represent  180 
tons.  At  70  miles  an  hour,  let  us  suppose 
the  resistance  to  be  40  lbs.  per  ton,  or  72,- 
000  lbs.  Seventy  miles  an  hour  is  6, 160  ft. 
,  7200  x  6160      10,  .  , 

per  mm.  and =ld44-norse  pow- 

r  33,u00  ^ 

er.  It  is  extremely  improbable  that  any 
locomotive  on  the  Great  Northern  ever  ex- 
erted so  great  a  power  as  this,  and  we 
are  therefore  led  to  believe  that  when  Mr. 
Stirling  obtained  a  speed  of  70  miles  an 
hour  it  must  have  been  under  such  con- 
ditions that  the  resistance  was  less  than  40 
lbs.  per  ton.  The  end  would  be  secured, 
of  course,  if  the  engine  and  train  were 
descending  a  moderate  incline;  but  it  is 
also  possible  that  under  any  circumstances 
of  grade  the  resistance  may  have  been 
less  than  40  lbs.  per  ton.  We  have  stat- 
ed that  it  would  hardly  be  safe  to  as- 
sume that  the  resistance  at  100  miles 
an  hour  would  be  less  than  120  lbs. 
per  ton;  but  it  must  be  borne  in  mind 
that  this  statement  is  only  based  on  a 
somewhat  weak  line  of  reasoning  based  on 
analogy. 

It    is   known   that   train   resistance    in- 
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creases  in  a  very  rapid  ratio  with  the 
speed ;  but  as  experiments  at  such  speeds 
as  we  have  spoken  of— that  is  to  say,  70 
or  100  miles  an  hour — have  never  yet 
been  made  to  determine  the  precise  resist- 
ance, it  is  quite  impossible,  as  we  have 
pointed  out,  to  say  with  precision  what 
the  true  resistance  is.  And  besides  all 
this,  it  must  not  be  forgotten  that  as  the 
evil  influence  of  small  imperfections  in  a 
road  is  greatly  magnified  as  the  velocity 
increases,  so  it  is  possible  that  the  resistance  j 
on  a  road  rigid  and  even  enough  to  be  run 
over  safely  at  100  miles  an  hour,  might  be 


enormously  less  than  the  resistance  of  what 
is  known  as  an  ordinary  fair  road.  This  is 
a  very  important  point,  to  which  we  shall 
return  at  another  opportunity.  Meanwhile 
we  may  say  in  dismissing  the  whole  subject 
for  the  moment,  that  there  is  good  evidence 
in  support  of  our  assertion,  that  it  would 
not  be  safe  to  take  the  resistance  at  100 
miles  an  hour  on  an  ordinary  railroad  at 
less  than  120  lbs.  per  ton,  in  the  fact  that 
there  is  no  recorded  instance  of  a  locomotive 
engine,  whether  with  or  without  a  train, 
ever  having  run  at  a  greater  velocity  than 
a  little  over  70  miles  an  hour. 


THE  VITALITY  OF  A  STJBMABLNE  CABLE. 

From  "Engineering." 


One  of  the  most  important  problems  of 
the  present  day,  whether  in  respect  to 
political,  social,  or  commercial  aspects,  is 
that  of  the  maintenance  of  telegraphic  com- 
munication by  means  of  the  submarine 
cable.  The  recently  frequent  break  of 
passage  has  naturally  given  rise  to  much 
anxiety  on  this  subject,  and  its  financial 
consequences  have  already  been  discussed 
in  "  Engineering,"  but  we  believe  that  we 
have  much  underrated  the  results  which 
might  practically  arise  from  causes  to  which 
we  now  allude. 

A  submarine  cable  is  liable  to  numerous 
influences,  some  of  which  are  greatly  in  its 
favor,  and  others  equally  to  its  disadvantage. 
But  our  knowledge  on  all  these  points 
leaves  much  to  be  desired  in  regard  to 
really  accurate  information.  Mechanical, 
chemical,  and  numerous  other  conditions 
are  involved,  and  in  no  case,  so  far  as  our 
experience  has  guided  us,  has  any  indica- 
tion been  afforded  which  would  lead  to  a 
solution  of  this  difficult  problem. 

A  submarine  cable  is  really  composed  of 
two  or  more  substances,  having  in  most 
cases  highly  different  physical  characters. 
Leaving  out  the  question  of  the  external 
coating  of  iron  or  steel  wire,  we  have  to 
deal  with  the  conducting  and  non-conduc- 
ting material  of  which  the  cable  is  composed. 
But  to  use  the  "philosophical  ideas"  of  the 
present  day,  we  have  also  to  deal  with  two 
substances,  in  one  of  which  (the  insulator) 
induction  or  conduction  takes  place  slowly, 
while  in  the  other  (the  conductor)  the  in- 
duction or  conduction  takes  place  rapidly. 
This   definition  is  simply  a   paraphrase  of 


the  laws  which  Faraday  enunciated  in 
1854-55,  and  which  have  since  become  the 
basis  of  all  the  present  systems  adopted  in 
submarine  telegraphy. 

But  more  recently  it  has  been  discovered 
that  motion  is  a  source  of  all  our  forces, 
whether  they  be  heat,  light  or  electricity, 
and  on  this  point  we  rest  our  opinion  of 
the  possible,  or  rather  more  probable  deteri- 
oration of  any  or  all  of  our  submarine 
cables.  The  leading  philosophers  of  the 
present  day  have  endeavored  to  show  that 
without  motion,  or,  in  other  words,  the 
transition  of  matter  from  one  place  to 
another,  however  small  the  interval  may 
be,  no  sign  of  force  can  be  manifested. 
Without  assenting  to  this  proposition,  we 
admit  it  for  the  sake  of  argument,  simply 
because  the  results  we  have  experimentally 
arrived  at  lend  a  certain  amount  of  counte- 
nance to  this  view. 

In  1855  we  mentioned  to  Earaday  that 
we  had  long  noticed  wire,  of  the  then 
purest  copper,  becoming  gradually  brittle 
through  the  transmission  of  electrical  cur- 
rents of  comparatively  high  tension.  Two 
wires,  each  of  one-tenth  of  an  inch  in  diam- 
eter, were  employed  to  convey  the  current 
of  80  cells  of  a  Grove's  battery,  the  platina 
plates  of  each  of  which  exposed  an  indi- 
vidual surface  of  64  sq.  in.  In  the  course 
of  a  comparatively  short  time  those  wires 
became  so  brittle  as  to  be  readily  broken 
by  the  fingers.  About  the  same  time  we 
received  several  of  then  so-called  lihum- 
korff's  coils,  now  inductorla.  The  terminals 
of  the  secondary  coil,  whether  formed  of 
platina,  silver,  or   copper,  soon   became   so 
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brittle  as  to  be  readily  broken.  To  test 
bow  far  the  effects  of  highly  intense  cur- 
rents caused  this  brittleness,  we  instituted 
experiments  with  the  hydro-electric  ma- 
chine, then  in  the  Polytechnic  Institution 
in  Kegent  street,  and  pursued  such  experi- 
ments for  a  period  of  about  six  months. 
The  results  were  precisely  similar.  The 
connecting  wires  employed  between  the 
steam  boiler  and  twelve  large-sized  Leyden 
jars  indicated  that  intense  electricity  had 
the  effect  of  rendering  even  the  best  copper 
•wire  brittle. 

A  microscopical  examination  of  the  frac- 
tured wire  showed  that  the  metal  had  un- 
dergone a  change  from  the  fibrous  to  a 
crystalline,  if  not  a  crystal  structure,  which 
was  quite  sufficient  to  account  for  fracture  ; 
for  of  course  its  tenacity  had  been  di- 
minished. It  is  well  known  that  the  shaft- 
ing in  our  manufacturing  establishments, 
and  the  axles  of  railway  carnages,  etc.,  un- 
dergo precisely  the  same  change — that  is, 
from  the  fibrous  to  the  crystalline  or  crystal 
state.  Consequently  a  register  is  kept  of 
the  mileage ;  and  after  a  certain  period  a 
system  of  annealing  is  adopted  'by  which 
the  crystalline  structure  is  supposed  to  be 
converted  into  that  of  a  fibrous  character. 
We  have  seen  a  specimen  of  shafting, 
which  had  borne  for  about  20  years  a 
strain  of  30-horse  power  daily,  that,  having 
suddenly  broke,  presented  a  distinct  crys- 
tal structure  resulting  from  continuous 
motion. 

Our  present  method  of  electrical  agency 
in  regard  to  the  working  of  submarine  tele- 
graph cables  induces,  in  our  opinion,  pre- 
cisely the  same  results,  and  this  was 
pointed  out  several  years  ago  in  "  Engi- 
neering." As  to  the  facts  there  can  be 
little  doubt,  for  they  are  easily,  verified. 
The  remedy,  however,  seems  at  present 
very  problematical. 


We  have  chiefly  one  suggestion  to  make, 
which  is  that  it  may  be  possible,  by  a  sys- 
tematic reversal  of  electric  currents,  em- 
ployed in  submarine  telegraphy,  to  effect  a 
partial  restoration  of  the  fibrous  character 
of  the  conducting  core.  In  other  words,  it 
would  become  desirable  to  find  out  some 
method  of  re-annealing  that  core  by  elec- 
tricity in  place  of  heat.  It  is  a  remarkable 
fact,  although,  perhaps,  one  little  known, 
that  the  platina  of  a  Grove's  battery  and 
the  silver  of  Smee's  cell  both  become  brittle 
by  constant  use.  One  rule  in  respect  to  the 
platina  of  a  Grove's  battery  has  long  been 
to  make  it  red-hot  before  use.  Two  results 
thus  accrue.  All  saline  matter,  and  the 
air-coating,  are  removed,  together  with  its 
brittleness.  Of  course  this  is  impossible  in 
regard  to  submarine  cables;  but  some 
means  may  be  found  out  by  means  of 
which  the  evils  to  which  we  have  referred 
may  be  obviated,  and  if  discovered  their 
value  would  be  inestimable. 

In  lengthened  experiments  in  adapting 
voltaic  or  magneto-induced  electricity  to 
exploding  powder  beneath  water,  cases 
have  been  met  with  in  which  the  use  of 
intense  currents  has  rendered  the  conducting 
wires  useless  through  fracture.  It  is  found 
convenient,  too,  to  use  instead  of  wires  for 
all  electrical  experiments,  narrow  strips  of 
sheet  copper,  repeatedly  exposing  these  to 
a  red  heat  to  prevent  the  results  already 
alluded  to. 

We  do  not  wish  to  put  too  strong  a  con- 
struction on  the  views  and  facts  that  have 
been  here  stated.  Experience,  both  as  re- 
gards inland  and  submarine  telegraphy,  is 
too  large  to  allow  us  to  dogmatize  on  any 
point.  We  rather  prefer  to  ask  the  aid  of 
our  readers  for  the  benefit  of  their  expe- 
rience in  bringing  an  important  question  to 
its  proper  bearing  and  perhaps  final  solu- 
tion. 


THE  COAL  QUESTION. 

From  the  London  "  Mining  Journal." 


j  to  be  tried.  In  fact,  the  relevancy  of  most 
of  the  questions  put  to  the  witnesses  as  to 

|  the  reason  for  the  high  price  and  scarcity 
of  coal  which  prevailed  in  February  last 

j  bore  but  a  very  small  proportion  to  those 

|  which  actually  related  to  those  points. 
But  although  the  labors  of  the  Committee 


:  The  announcement  that  the  Committee 
appointed  by  the  |House  of  Commons  to 
inquire  into  the  cause  of  the  late  panic  in 
the  coal  trade  had  determined  to  take  no 
more  evidence,  will  be  received  with  the  re- 
verse of  regret,  seeing  that  for  all  practical 
purposes  the  information  elicited  from  most 
of  the  witnesses  was  foreign  to  the  issues  |  are  not  likely  to  be  of  a  really  beneficial 
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character  to  the  consumers  of  coal  in  the 
metropolis  or  elsewhere,  either  by  lowering 
the  price  of  that  indispensable  article  or  by 
insuring  a  plentiful  supply  of  it,  yet  some 
of  the  evidence  given  is  such  as  ought  not 
to  be  passed  over  without  comment.  Al- 
though significantly  enough,  we  may  say, 
what  appeared  to  some  of  the  Committee 
as  of  the  least  consequence  to  practical  men 
was  looked  upon  as  of  the  most  importance. 
To  those  who  have  paid  attention  to  the 
subject  of  our  coal  supply,  especially  to  the 
metropolis,  it  has  long  been  known  that 
the  question  of  railway  carriage  was  inti- 
mately mixed  up  with  it.  We,  therefore, 
consider  that  Mr.  Stanhope,  one  of  the 
Committee,  touched  a  rather  vital  spot 
when  he  stated  that,  although  a  colliery 
owner,  he  could  not  send  coal  from  his  own 
pit  by  railway  to  his  town  residence  unless 
through  an  ordinary  dealer.  Now,  Mr. 
Stanhope  is  not  only  the  lessor  of  some  very 
extensive  coal  fields  now  being  worked  in 
South  Yorkshire,  but  has  also  a  colliery  of 
his  own  from  which  his  country  mansion, 
Cannon  Hall,  is  supplied.  Yet  with  an 
abundance  of  excellent  coal  he  is  compelled 
to  pay  fully  £1  per  ton  more  for  an  inferior 
article  in  London  than  he  would  otherwise 
have  to  do,  because  the  railway  company 
grants  a  monopoly  to  the  metropolitan 
merchants.  Here,  then,  we  have  one  of  the 
causes  for  the  high  pric.e  of  coal  which 
prevailed  during  the  early  part  of  the  year. 
We,  therefore,  much  regret  that,  the  Com- 
mittee did  not  carry  the  railway  question 
much  farther  than  it  did,  for  a  great  deal 
of  most  valuable  information  in  connection 
with  it  could  have  been  given. 

As  an  illustration  of  the  existing  railway 
monopoly  with  regard  to  the  coal  traffic,  we 
may  state  that  the  coalTowners  of  South 
Yorkshire  for  years  past  have  been  endeavor- 
ing to  obtain  a  line  of  railway  from  their 
vast  mineral  fields  to  the  metropolis,  so  as 
to  be  independent  of  the  Great  Northern, 
but  without  success.  In  1864  a  line  was 
promoted  from  Doncaster  to  Peterborough 
to  join  the  Great  Eastern,  when  it  was  pro- 
posed that  the  coal  should  be  carried  to 
London  at  Jd.  a  ton  per  mile.  The  Bill 
was  opposed  by  the  Great  Northern,  and 
thrown  out  by  the  Committee  of  the  House 
of  Commons  on  the  ground  that  the  car- 
riage rate  for  coal  as  proposed  would  be 
unfair  towards  the  former  costly  line.  In 
1871  another  proposal  was  made  for  a 
mineral   line   to   carry   coal   at   about  the 


same  rate  as  the  previous  one,  but,  being 
opposed  by  the  Midland  and  Great  North- 
ern, met  with  the  fate  of  its  predecessor. 
During  the  present  session  a  third  effort 
was  made  for  a  new  line,  but  with  like 
success ;  it  was  killed  in  Committee.  On 
those  three  occasions  the  various  railway 
companies  interested  were  represented  by 
the  ablest  Parliamentary  counsel,  yet  no  one 
appeared  on  behalf  of  the  public  of  Lon- 
don, to  whom  the  decision  was  one  of  cheap 
or  dear  coal.  This  will  be  evident  when 
we  say  that  the  difference  in  the  carriage 
rate  of  coal  by  the  two  first  proposed  lines 
we  have  alluded  to  would  have  been  3s.  6d. 
per  ton  in  favor  of  the  London  consumer 
over  what  he  was  then,  and  is  now,  paying. 
Surely,  with  such  facts  there  was  sufficient 
groundwork  for  the  Committee  to  have  in- 
quired how  far  the  railway  monopoly  had 
affected  prices.  The  omission  we  do  know 
was  considered  by  many  colliery  proprietors 
as  a  very  serious  one. 

With  regard  to  the  working  of  mines, 
there  was  some  truth  in  the  remark  made 
by  Mr.  Normansell  whilst  giving  his  evi- 
dence, that  the  more  you  educate  a  man  the 
more  you  unfitted  him  for  hard  -work.  Mr. 
Smith,  the  agent  to  Lord  Ward,  was  evi- 
dently thinking  of  the  same  thing  when  he 
said  the  effect  of  recent  legislation  tended 
to  the  extermination  of  the  race  of  colliers. 
This  is  evident  from  the  fact  that  even  now 
there  is  more  difficulty  than  ever  there  was 
in  inducing  parents  to  allow  their  children 
to  go  into  mines  to  work.  A  large  number 
of  colliers,  too,  give  their  children  at  present 
a  good  education,  and  the  boys  associating 
with  a  class  rather  above  them,  prefer  a 
more  genteel  and  cleanly  profession  than  that 
of  a  miner.  But  in  this  we  do  not  see  much 
to  grieve  at,  for  it  can  only  hasten  the  more 
general  adoption  of  mechanical  means  for 
cutting  coal,  which  is  so  successfully  in  ope- 
ration at  so  many  places  at  the  present  time. 
In  fact,  coal-cutting  machines  before  very 
long  will  become  an  actual  necessity,  for  even 
now  there  is  a  dearth  of  colliers,  and  which 
will  be  more  fully  felt  in  the  course  of  a 
year  or  two,  owing  to  the  large  number  of 
collieries  now  being  opened  out  in  all  parts  of 
the  kingdom.  We  were,  therefore,  surprised 
to  find  that  the  Committee  did  not  take  any 
evidence  with  regard  to  machinery  for  get- 
ting coal  from  those  in  charge  of  mines 
where  such  is  now  in  use,  as  well  as  from 
inventors  whose  machines  are  being  worked. 
Here  was  another  opportunity  for  obtain- 
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ing  reliable  and  valuable  information  on  a 
most  important  matter  relating  to  mining, 
and  on  the  future  production  of  our  col- 
lieries, that  was  almost  entirely  overlooked 
by  the  Committee. 

Mr.  George  Elliot  gave  some  very  inter- 
esting evidence  on  the  last  day  of  the  sitting 
with  reference  to  double  shifts,  and  we  cer- 
tainly agree  with  him  in  his  views  that  it 
would  be  alike  advantageous  to  owners  and 
workmen.  The  opposition,  to  our  thinking, 
on  the  part  of  the  men  is  in  a  great  meas- 
ure due  to  the  fact  that  by  such  a  system 
the  output  of  coal  would  be  greatly  in- 
creased. The  same  gentleman  also  alluded 
to  a  truly  gigantic  proposal — but  one  not 
by  any  means  new — the  amalgamating  of 
all  the  collieries  in  Durham  into  one  com- 
pany. No  doubt  such  a  vast  concern  under 
one  management  would  have  its  advan- 
tages, but  in  all  probability  it  would  be  fol- 
lowed almost  immediately  by  a  similar 
combination  on  the  part  of  the  workmen, 
already  a  powerful  body.  We  should  then 
have  two  great  powers,  capital  and  labor, 
like  two  contending  armies,  watching  most 
jealously  each  other's  movements,  and  al- 


ways kept  in  a  high  state  of  excitement,  ex- 
pecting to  have  to  give  battle  at  almost  any 
moment.  The  present  state  of  affairs  we 
believe  will  be  found  more  satisfactory, 
especially  as  there  will  be  no  difficulty 
whatever  in  colliery  owners  combining  to- 
gether in  defence  of  their  legitimate  inter- 
ests, and  in  being  supported  in  so  doing  by 
public  opinion,  as  they  were  in  the  recent 
struggle  in  South  Wales. 

Having  thus  noticed  a  few  of  the  salient 
points  brought  out  in  evidence  before  the 
,Coal  Committee,  as  well  as  those  which 
might  have  been  advantageously  enter- 
tained, we  again  venture  to  reiterate  our 
opinion  that  all  cause  for  alarm  as  to  the 
scarcity  of  coal,  or  of  the  price  of  it  being 
anything  like  it  was  in  the  early  part  of  the 
year,  has  passed  away.  We  believe  the 
effects  of  the  late  panic  will  be  seen  before 
very  long  in  a  vast  increase  in  the  produc- 
tion of  coal  in  all  parts  of  the  kingdom, 
owing  to  the  opening  out  of  so  many  new 
collieries,  and  the  consequent  cheapen- 
ing of  an  article  of  such  vast  importance 
to  our  national  industries  and  social  com- 
fort. 


THE  BLAST  FURNACE  AS  APPLIED   TO   THE   CUPOLA  OF  THE 

IRON  FOUNDER.* 


By  ALEXANDER  LAIRD. 


From  "Iron. 


Since  the  introduction  of  the  cupola  or 
blast  furnace  by  Fulton,  of  Glasgow,  in  the 
year  1802,  it  has  undergone  but  little 
change  either  in  form  or  proportions,  and 
its  adoption  has  now  become  general  in  al- 
most all  engineering  establishments,  as  be- 
ing the  most  convenient  and  economical  fur- 
nace for  melting  pig-iron.  The  universality 
of  its  employment  suggests  to  us  either  its 
perfect  adaptability  to  the  purpose  for 
which  it  is  required  and  used,  or  a  degree 
of  laxity,  or  an  indifference  to  efforts  at  im- 
provement on  the  part  of  engineering  gene- 
rally%which  is  not  usually  met  with. 

That  it  fulfils  to  a  very  great  extent  the 
requirements  of  the  ironfounder  and  the  en- 
gineer is  granted  on  all  hands.  Still  the 
daily  experience  of  its  working  as  regards 
the  qualities  of  the  metal  melted,   and  its 
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I  own  cost,  suggests  the  need  of  investigation 
I  in  a  scientific  direction,  as  to  the  possibility 
|  of  its  modification.     Great  diversity  of  opin- 
ion exists  on  this  subject,  and  that  not  only 
j  in  relation  to  the  form    and  proportions  of 
furnace,   but  also   as  to  increasing  and  im- 
I  proving   the   quantity   and   quality  of  the 
j  iron  produced  by  its  agencv.     The  question 
of  reducing  the  expense  of  the  process  is,  of 
course,  an  important  one  in  addition.    Time 
will  not  permit  me  now  to  enter  upon  an 
enumeration  of  the  various  devices  proposed 
or   introduced   for  effecting  these  objects. 
Many  of  them  have  been  of  little  scientific 
importance  or   value.     In  some   instances 
they  have  been  brought  forward  in  the  fur- 
therance  of  particular   views  held  by  the 
proposer,  or  to  uphold  a  patent  in  which  he 
had  a  pecuniary  interest.     It  is  only  of  late 
thut  distinct  ideas  seem  to  have  been  formed 
and  advanced  on  the  subject.     As  a  conse- 
quence, a  great  many  experiments  and  tests 
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have  been  made,  more  or  less  valuable  or 
accurate,  and  of  greater  or  less  importance. 
If  the  results  of  these  had  been  gathered 
and  collated,  they  might  have  been  of  much 
interest  and  value  to  engineering  and  met- 
allurgical science.  The  isolated  and  desul- 
tory manner  in  which  they  have  been  made 
and  obtained  has  rendered  them  useless  to 
the  interests  of  science,  and  they  afford  no 
general  information  of  any  real  service. 

We  have  already  referred  to  the  univer- 
sality of  the  cupola  for  melting  pig-iron.  It 
is  now  proposed  to  attempt  an  elucidation 
of  the  principles  upon  which  the  cupola 
furnaces  are  constructed  and  worked.  Heat 
is  most  economically  and  best  applied  when 
used  on  the  principle  of  being  applied  un- 
der the  mass  of  the  material  to  be  consumed 
or  operated  upon.  By  this  arrangement 
the  air  supplied  to  support  combustion  is 
made  to  pass  through  this  material  on  its 
way  upwards  towards  the  furnace-top.  In 
the  air  furnace,  on  the  contrary,  the  fuel  is 
never  allowed  to  be  in  contact  with  the 
charges  of  iron,  as  the  material  is  situated 
at  the  opposite  extremity  of  the  hearth.  In 
the  cupola  the  metal  and  the  fuel  are  de- 
posited in  alternate  layers  upon  each  other, 
and  thus  become  intimately  blended  and 
united  in  the  course  of  the  fusion  and  de- 
scent of  the  iron  into  the  hearth.  This  lat- 
ter condition  will  be  sufficient  to  account 
for  that  superiority  in  point  of  economy 
which  is  acknowledged  to  exist  in  the  cupo- 
la as  compared  with  the  air  furnace. 

When  cupolas  were  first  introduced  into 
foundries,  the}7  were  recommended  for  the 
great  reduction  they  effected  in  the  con- 
sumption and  expense  of  fuel.  It  has  al- 
ready been  explained  that  it  is  well  adapted 
by  its  form  and  the  disposition  of  fuel  and 
material  to  work  economically.  No  hesita- 
tion need  now  be  felt  in  asserting  also  that 
this  economy  can  be  very  much  increased 
by  raising  the  depth  over  the  tuyeres ;  that 
is  to  say,  by  running  up  the  cupola  to  a 
greater  height,  and  filling  up  with  more 
numerous  and  higher  charges.  The  most 
intense  heat  is  evolved  first  at  the  suiface 
of  the  flame,  or  line  of  union  between  the 
gaseous  combustible  and  the  air ;  and  as 
on  the  cupola  the  surface  extends  over  the 
whole  lower  stratum  of  the  fuel,  an  im- 
mense quantity  of  heat  is  thereby  gene- 
rated. This  being  carried  upwards  with 
the  intensely  heated  products  of  combus- 
tion, it  becomes  deposited  in  the  mass  of 
coke  or  fuel  above.  From  the  slow  trans- 
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mitting  power  of  this  substance,  it  is  well 
able  to  retain  what  it  receives.  By  these 
means  it  soon  accumulates  so  as  to  become 
a  magazine  of  heat  of  the  most  intense  and 
dazzling  brightness,  while  the  body  of  the 
fuel,  being  decomposed,  sinks  down  to  re- 
place that  which  has  been  consumed.  It  is 
well  known  that  the  point  of  fusion  in  a 
cupola  or  furnace  of  this  kind,  using  the 
blast  cold,  is  situated  about  2  ft.  above  the 
tuyeres.  We  can  thus  readily  comprehend 
the  importance  of  great  height  above  the 
tuyeres.  Indeed,  the  only  limit  to  the  in- 
crease of  this  height  are  those  of  stability, 
and  the  danger  arising  from  irregularity  in 
the  working  and  position  of  the  charges. 

There  is,  it  is  true,  one  objection  which  is 
sometimes  urged  by  iron*-founders  against 
running  up  the  wall  of  their  furnace,  and 
that  is  the  increased  labor  and  cost  of  rais- 
ing the  materials  to  the  charge-hole  of  the 
furnace.  This  objection  is  not  worth  much 
in  an  age  of  mechanical  skill,  ingenuity, 
and  labor-saving.  Why,  even  without  men- 
tioning the  resources  of  applied  mechanics, 
we  could,  by  the  utilization  of  the  waste  heat 
and  gases,  gain  sufficient  power  to  overcome 
this  objection  to  increased  height.  Much 
more  might  be  added  in  favor  of  high  fur- 
naces, and  the  advantage  accruing  thereby. 
As  to  the  necessity  of  such  improvements, 
it  is  made  manifest  by  the  daily  experience 
of  all  who  observe  the  vast  volume  of  flame 
and  heat  belching  from  the  top  of  our  cu- 
polas, which  higher  walls  and  deeper  and 
more  numerous  charges  would  assuredly 
prevent. 

We  have  yet  to  deal  with  the  higher  and 
more  recondite  question  to  be  considered, 
as  to  the  kind  or  quality  of  metal  in  the 
cupola  under  the  conditions  we  have  just 
detailed.  What,  for  example,  are  the  in- 
fluences resulting  to  the  metal  from  its  im- 
mediate contact  both  with  the  fuel  and  the 
blast  ?  By  way  of  illustration,  let  us  say, 
then,  that  it  is  impossible  to  conceive  a  more 
unfortunate  and  unscientific  method  for  the 
purpose  of  producing  a  highly  carburetted 
or  soft  cast-iron  than  the  arrangement 
adopted  in  the  ordinary  cupola,  or  blast 
furnace.  The  melted  metal,  triekling  as  it 
does  in  drops  or  small  rills  in  its  descent  to 
the  hearth,  must  fall  into,  mix  with,  and  be 
dashed  about  by  the  violent  tornado  of 
fresh  air  from  the  blow-pipe.  Part  of  it 
may  be  protected  by  the  coke,  or  escape 
between  the  tuyeres.  Perhaps  it  may  be 
cooled  and  oxidized,  and,  combining  with 


258 


VAN   NOSTRAND'S   ENGINEERING   MAGAZINE. 


the  flux,  melt  into  a  brown  glass.  Part 
again  will  catch  fire,  burn  and  blaze  with 
great  violence,  and,  reduced  to  vapor,  be 
carried  up  with  the  stream  of  air  to  be 
again  deoxidized  by  its  passage  through  the 
carbon  in  the  upper  region  of  the  furnace, 
or  it  may  pass  off  at  the  top  of  the  furnace. 
If  to  these  we  add  the  contingencies  of  the 
stroDg  tendency  possessed  by  cast-iron  to 
combine  with  oxygen  at  high  temperatures, 
and  its  extreme  inflammability,  we  shall  at 
once  see  how  readily  these  latter  substances 
dissolve  their  union  or  cast-iron  partner- 
ship, if  we  may  so  call  it,  to  form  new 
unions  of  their  own  with  the  oxygen  of  the 
atmosphere.  This  deoxidization  of  the  iron 
not  only  produces  a  waste  of  from  eight  to 
ten  per  cent,  of  material  in  most  cases,  but 
brings  the  metal,  which  is  well  known  at 
times  both  cold  and  thick — unless  neutral- 
ized by  the  presence  of  an  ample  supply  of 
carbonaceous  fuel  in  the  form  of  coke,  so 
that  the  oxygen  of  the  atmosphere  may  be 
thoroughly  saturated  and  mixed  before  its 
combination  with  the  material,  and  the  iron 
rendered  hard  and  stiff.  It  is  a  remarka- 
ble fact,  and  one  worthy  of  observation, 
that  softness  of  castings  was  a  general 
complaint  on  the  first  introduction  of  the 
cupola,  a  complaint  which  has,  however, 
now  died  out,  and  which  gives  no  trouble 
to  the  ironfounder  of  the  present  day  who 
uses  cheap  and  inferior  fuel.  The  tendency 
of  this  combination,  as  already  remarked, 
was  to  render  the  iron  soft,  and  to  make  it 
very  fluid  when  melted,  so  that  it  might 
run  into  the  finest  and  most  delicate  mould. 

Among  the  many  contrivances  introduced 
or  adopted  to  overcome  the  oxidizing  in- 
fluence of  the  cupola  form  of  furnace,  one 
of  the  best  and  most  successful  is  that  of 
Mr.  Eichhorn,  which  has  been  experiment- 
ed with  for  some  time  with  great  success 
in  Germany.  The  principle  of  this  is,  that 
the  blast  before  entering  the  cupola  is  made 
to  descend  and  pass  through  a  mass  of 
burning  fuel.  The  temperature  of  the  blast 
is  raised,  first  by  contact  with  the  heated 
bricks,  and  secondly  by  radiation  into  the 
air  chambers  from  the  incandescent  fuel ; 
the  third,  and  by  far  the  most  important 
and  useful  condition,  is  effected  by  its  actu- 
ally passing  through  the  fuel. 

In  the  earlier  stages  of  cupola  construc- 
tion, considerable  importance  was  placed 
on  the  influence  of  form  and  size.  The 
horizontal  interior  section  of  all  cupolas  is 
circular,  however  different  in  other  respects 


they  may  be,  and  the  principal  varieties  of 
cupola  may  be  arranged  or  classed  in  four 
divisions,  founded  on  the  form  of  the  verti- 
cal section  through  the  trunk. 

First,  those  cupolas  which  are  taken  from 
the  hearth  upwards  to  the  charging  door. 
Secondly,  cylindrical  cupolas,  or  such  as  are 
parallel  in  section  under  the  charging  door. 
Thirdly,  expanding  cupolas,  of  which  the 
sides  widen  irom  the  neighborhood  to  the 
tuyere  upward;  and  fourthly,  cupolas  in 
which  the  form  is  a  combination  of  two  or 
all  these  figures. 

The  first  and  two  latter  of  these  forms 
have  become,  for  all  practical  purposes,  ex- 
tinct, while  the  second  or  cylindrical  cupola 
has  been  universally  adopted.  This  partial- 
ity is  easily  understood,  for  in  charging 
parallel  cupolas  the  fireman  can  more  pre- 
cisely distribute  and  regulate  the  propor- 
tions of  his  charges  in  accordance  with  the 
purpose  he  may  have  in  view  than  he  can 
in  dealing  with  the  tapering  cupola. 

In  the  former  the  materials  descend  re- 
gularly without  altering  their  arrangement, 
till  they  reach  the  neighborhood  of  the 
tuyeres,  where  the  iron  ought  to  be  melted, 
and  the  unconsumed  cob e  is  pressed  gradu- 
ally and  equally  down  to  make  way  for  the 
superincumbent  charge.  Thus  the  process 
goes  on  in  a  secure  and  well-ascertained 
manner,  whereas,  in  the  tapering  cupola, 
the  firemen  are  inconvenienced  for  want  of 
space  to  deposit  their  charges,  and  the  ma- 
terials having  to  spread  into  the  large  ex- 
panse below  the  door,  cannot  do  so  equally, 
and  thus,  by  an  unequal  mixture  of  mate- 
rial, the  iron  is  unequally  heated.  But,  to 
shorten  this  discussion,  it  may  be  said  that 
the  best,  and  indeed  the  only  true  means  of 
ascertaining  the  relative  efficiency  of  various 
forms  of  cupolas,  is  to  compare  the  relative 
quantities  of  fuel  consumed  with  those  of 
the  iron  melted.  Economy  of  fuel  and 
rapidity  of  fusion,  which  generally  accom- 
pany each  other,  are  indeed  the  touchstone 
of  excellence,  and  the  test  of  efficiency. 

The  opinion  has  already  been  expressed 
that  the  cupola  was  well  adapted,  by  its 
form  and  construction,  to  work  economical- 
ly, on  account  of  its  parallelism  of  section 
vertically,  and  that  this  economy  is  capable 
of  indefinite  extension  by  an  increase  of 
vertical  depth  over  the  tuyere.  But  the 
greatest  source  of  waste  inseparable  from 
the  principles  and  working  of  the  cupola  is 
the  unavoidable  loss  of  heat  which  takes 
place  by  radiation  from  the  outside  of  the 
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cupola,  and  long  conduction  through  the 
hearth,  the  amount  of  such  loss  being  in 
the  ratio  of  its  diameter,  and  its  vertical 
height.  This  loss  at  times  is  very  consider- 
able, and  more  so  in  the  case  of  small  fur- 
naces, or  when  the  inside  lining  is  thin, 
and  badly  constructed.  Indeed  we  have 
known  an  instance  of  this  kind  where  the 
heat  from  radiation  outside  the  casing  of 
the  furnace  was  greatly  in  excess  of  the 
thermometer's  ability  to  register  it  with  ac- 
curacy. This  was  on  account  of  the  exces- 
sively high  temperature  around  the  skin. 
The  importance  of  retaining  as  much  as 
possible  of  the  fugitive  heat  to  the  charges, 
and  preventing  its  escape  from  the  furnace, 
whether  it  be  from  radiation  or  from  the 
furnace  mouth,  ought  to  be  fully  recognized 
in  the  construction  and  management  of  a 
cupola.  Natural  and  obvious  as  this  con- 
dition is,  there  is  nothing  more  common 
than  to  witness  everywhere  furnaces  in  use 
wherein  those  self-evident  conditions  appear 
to  have  been  disregarded  or  ignored  alto- 
gether. One  effect  of  this,  of  course,  is  to 
cause  an  excessive  expenditure  of  fuel  and 
heat  which  simple  mechanical  expedients 
would  have  obviated  and  overcome.  In 
reality  it  is  impossible  to  overestimate  the 
value  of  a  true  knowledge  of  the  principles 
and  nature  of  combustion  in  furnaces  ;  more 
particularly  this  is  so  in  regard  to  those 
where  the  air  is  forced  into  the  furnace  by 
means  of  a  blast  like  that  of  the  cupola. 
The  subject,  however,  is  so  prolific  and 
complex  that  we  cannot  attempt  to  dispose 
of  it  within  the  limits  of  a  single  paper.  It 
will  be  sufficient  to  enumerate  a  few  of  the 
more  salient  points,  and  then  to  leave  the 
whole  question  for  reflection  and  discussion. 

Having  referred  to  some  of  the  various 
forms  of  furnace  and  their  effects  on  the 
operations  of  smelting,  it  becomes  our  duty 
to  refer  also  to  two  or  three  of  the  most  fa- 
vorable conditions  of  fuel  and  blast,  viz : 

From  the  nature  of  the  cupola  furnace, 
air  should  enter  in  sufficient  quantities  to 
maintain  the  necessary  supply  of  heat,  and 
that,  too,  at  lateral  apertures  around  the  al- 
ternate layers  or  strata  of  materials  and 
fuel,  and  these,  as  we  have  already  seen, 
are  arranged  under  the  most  favorable  con- 
ditions when  mutually  acting  and  reacting 
on  one  another. 

Regarding  the  quantity  of  fuel  per  ton  of 
metal  melted,  there  exists  a  great  amount 
of  uncertainty  and  misconception,  and  these 
would  be   difficult  to   remove  or  displace. 


In  endeavoring  to  do  so  we  should  have  to 
deal  with  the  composition  and  the  combus- 
tion of  fuel.  These  are  so  exceedingly  va- 
rious that  it  would  be  quite  impossible  to 
give  anything  like  a  minute  description  of 
them. 

The  task  is  rendered  yet  more  difficult 
by  the  introduction  and  substitution  of 
cheap  and  inferior  fuel  now  so  common  in 
some  establishments,  and  which  is  owing  to 
the  exceptionally  high  price  of  coal.  This 
circumstance  overthrows  the  experience 
and  data  of  former  years,  and  hampers  the 
efforts  and  ability  of  all  interested  and  con- 
cerned in  furnace  economy. 

We  must  now  pass  on  from  the  question 
of  fuel  to  that  of  the  blast.  Here  again  we 
find  that  there  exists  much  uncertainty  and 
many  different  opinions.  For  example,  it 
has  long  been  the  belief  of  some  iron-found- 
ers that  a  stiff,  sharp  blast,  or,  in  plain  lan- 
guage, a  concentrated  jet  of  air  was  indis- 
pensable in  all  cases  to  the  economical  man- 
agement of  a  cupola.  Such  persons,  in  re- 
alization of  their  peculiar  theory,  contract 
the  aperture  of  the  tuyeres  and  increase  the 
velocity  of  the  blast.  On  the  other  hand, 
there  are  the  disciples  and  advocates  of  a 
more  open  and  diffused  blast,  and  who  mul- 
tiply the  tuyeres  and  work  them  alternate- 
ly, in  order  that  they  may  spread  and  dif- 
fuse the  blast  over  the  horizontal  area  of 
the  cupola.  These  base  their  opinions  on 
the  results  obtained  from  the  air-furnace, 
where  a  chimney  of  a  moderate  height  and 
proper  dimensions  is  sufficient  to  generate 
a  heat  so  bright  and  strong  as  to  vie  in  bril- 
liancy with  the  midday  sun.  They  urge 
that  the  distribution  of  air  with  the  mate- 
rial is  calculated  to  produce  a  uniform  ap- 
plication of  heat  throughout  the  whole  area 
of  the  furnace. 

For  some  time  after  the  adoption  of  the 
cupola  in  cast-iron  foundries  it  was  felt  to 
be  a  desideratum  to  obtain  a  uniform  and 
equal  blast.  Many  schemes  have  been  re- 
sorted to  to  effect  this  important  end.  The 
blast  cylinder  with  a  vessel  inverted  in 
water  was  devised,  among  other  plans ;  but  it 
had  this  drawback,  that  the  air  sent  into 
the  cupola  was  damp,  and  thus  hardened 
the  iron.  Then  the  founder  had  recourse 
to  a  bored  cast-iron  cylinder,  but  the  fric- 
tion of  the  piston  rendered  its  operation  im- 
perfect and  incomplete.  Another  plan  was 
that  of  having  two  cylinders  working  alter- 
nately and  exerting  an  equal  force.  This 
was  costly  in  construction,  and  afterwards 
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required  much  power  to  work  it.  The  sum- 
mer of  1829  witnessed  the  introduction  of 
the  fan  blast — at  the  instance  of  Messrs. 
James  and  Charles  Carmichael — and  then 
the  cupola  became  the  most  perfect  appli- 
ance for  melting  cast-iron  which  it  seems 
possible  to  contrive  or  suggest.  Its  advan- 
tages were,  first,  with  regard  to  saving  of 
power  as  compared  with  the  blast  cylinder, 
for  it  sent  double  the  quantity  of  air  into 
the  cupola.  Secondly,  that  the  blast  was 
uninterrupted.  Thirdly,  owing  to  the  great 
quantity  of  air  injected  with  so  perfect  a 
regularity  of  force,  the  resulting  metal  was 
both  softer  and  more  uniform  in  quality 
than  it  had  hitherto  been;  and  fourthly, 
that  it  effected  a  considerable  saving  of  time 
in  the  process  of  melting. 


Having  already  referred  to  the  effects  of 
a  compressed  and  diffused  blast,  it  will  be 
well  to  bear  in  mind  that  a  considerable 
variation  in  the  pressure,  and  the  quantity 
of  the  blast,  is  necessary  to  suit  the  differ- 
ent qualities  of  the  fuel  employed  in  melt- 
ing furnaces.  The  variation  of  pressure  is 
as  much  as  for  1 J  lb.  to  3  lbs.  per  in.,  the 
stronger  blast  being  used  for  the  more  infe- 
rior coke.  There  is,  in  truth,  no  doubt  that 
differences  in  the  quality  of  the  coke  sub- 
jected to  the  action  of  the  blast  do,  in  some 
measure,  account  for  separate  preferences 
respectively  held  in  reference  to  forcible 
and  different  blasts.  There  is,  to  my  think- 
ing, great  necessity  for  regulating  the  quan- 
tity of  force  of  the  blast  by  some  fixed  rule, 
if  that  rule  can  be  found 


IMPKOVEMENTS  IN  THE  MANUFACTUEE  OF  GUN-COTTON. 

ByS.  J.  MACKIE,  C.  E. 
From  "Journal  of  the  Society  of  Arts." 


I  must  ask  the  attention  of  this  audience,  I 
in  the  first  place,  to  as  brief  an  epitome  of 
the  history  of  gun-cotton   as  I  can  draw, 
before   I   go   to   the   main   details   of  my 
present  discourse,  which  has  for  its  essen- 1 
tial  object  to  put  before  the  world  some  of  | 
the  chief  improvements  which  have  been  ! 
made  in  the  manufacture  of  gun-cotton  and  j 
ammunition  therefrom,  as  about  to  be  car-  I 
ried  out  in  the  large   and  extensive  works 
of  the  Patent  Cotton  Gunpowder  Company,  | 
in  the  marshes  of  Ore,  near  Faversham,  in  i 
Kent. 

I  regret  that  the  state  of  progress  in  some  i 
of  the  departments  not  having   yet   been  ' 
patented,  I  am  in  consequence  a  little  re- 
stricted in  my   explanations  ;  but  this  cir- 
cumstance  will,  I  am  sure,  be  accepted  as  ; 
frankly  as  it  is   stated,   as  an    apology  for 
any  reticence  on  my  part  to  which,  in  the 
interest  of  the  Company,   I  may  be  con- 
strained. 

The  cause  of  my  being  before  you  is  very 
concisely  told.  The  secretary  of  this  Insti- 
tution having  seen  some  specimens  of 
the  Patent  Cotton  Gunpowder  in  my  office, 
expressed  a  strong  desire  that  I  should 
read  a  paper  on  the  subject  in  this  room ; 
and,  although  I  would  have  liked  to  have 
deferred  this  discourse  until  next  Session, 
when  I  should  be  able  to  invite  you  to  see 
the  various  processes  in  practical  operation, 
his  request  was  so   pleasantly  and  perse- 


veringly  urged,  that,  notwithstanding  my 
time  is  more  than  fully  occupied,  I  consent- 
ed, feeling  also  that  in  so  doing,  I  should 
be  rendering  service  by  the  publication  of 
the  extreme  care  and  precaution  with  which 
every  part  and  portion  of  the  manufacture 
has  been  studied,  notwithstanding  that  no 
production  of  gun-cotton  or  any  product  of 
pyroxilin  whatever  has  yet  attained  to  the 
same  degree  of  safety,  purity,  or  excellence 
as  this  new  explosive.  I  may  without 
egotism  say  this,  because  I  am  not  the  in- 
ventor of  the  "controlled  gun-cotton," 
although,  as  engineer  to  the  Patent  Cotton 
Gunpowder  Company,  who  have  purchased 
Mr.  Punshon's  patent,  I  have  prepared  the 
plans  of  the  works,  and  have  instigated  the 
whole  of  the  new  machinery  by  which  t..e 
gun-cotton  and  the  gunpowder  and  other 
compounds  from  it  will  be  prepared. 

To  commence,  then,  with  the  practical 
history  of  modern  explosives  : — 

Xyloidin,  the  lowest  substitution  product 
of  the  nitro-cellulose  class,  was  discovered 
by  Braconnet,  in  1833.  It  was  produced 
from  wood-shavings,  saw-dust,  starch,  and 
linen  fabric,  treated  with  concentrated  nitric 
acid. 

Gun-cotton,  tri-nitro-cellulose,  or  pyroxilin, 
was  made  known  by  Pelouze  in  1836,  who 
applied  strong  nitric  acid  to  paper  and  fab- 
rics of  cotton  and  linen.  Ten  years  later 
it  was  produced  in  an  pure  form  by  Schon- 
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bein,  who  employed  a  mixture  of  concen- 
trated nitric  and  sulphuric  acids  for  the 
treatment  of  cotton  wool,  the  object  of  the 
sulphuric  acid  being  to  abstract  water  of 
hydration,  and  generally  to  absorb  mois- 
ture. 

Messrs.  Hall,  the  gunpowder  makers  of 
Faversham,  in  1846,  entered  into  the  manu- 
facture of  this  material  upon  Schonbein's 
original  process,  the  cotton  being  treated 
for  about  one  hour  with  a  mixture  of  1  part 
of  nitric  acid,  1.45  to  1.5  specific  gravity, 
and  3  parts  sulphuric  acid,  1.85  specific 
gravity.  The  gun-cotton  produced  was 
washed  in  running  water  until  no  acid  was 
detected  by  litmus  paper,  and  subsequently 
it  was  dipped  in  carbonate  of  potash.  The 
finished  cotton  was  sometimes  steeped  in  a 
solution  of  nitrate  of  potash.  The  manu- 
facture at  Faversham  was  terminated  within 
a  year  by  a  disastrous  explosion,  reputed  to 
have  been  caused  by  throwing  together  in  a 
heap  a  large  quantity  of  the  acid  skeins. 

At  this  period  also  gun-cotton  was  manu- 
factured in  France,  at  Bouchet,  near  Paris, 
where  several  disastrous  explosions  occurred; 
one  in  a  drying  chamber,  one  in  a  maga- 
zine, where  it  was  believed  no  one  had  been 
for  several  days,  and  one  in  a  packing 
place.  These  disasters  put  an  end  to  the 
manufacture  in  1848. 

The  Austrian  Government  took  up 
earnestly  the  consideration  of  gun-cotton  in 
1852,  and  practice  was  made  with  a  battery 
of  twelve-pounder  field  guns.  In  conse- 
quence of  want  of  uniformity  in  the  shoot- 
ing and  the  damage  done  to  the  guns,  its 
use  for  artillery  was  abandoned.  It  was, 
however,  received  with  great  favor  by  the 
engineers,  and  was  applied  with  success  to 
mining  and  submarine  operations.  General 
Von  Lenk  was  the  moving  spirit.  The 
explosion  of  the  magazine  at  Simmoning, 
near  Vienna  brought  the  manufacture  to  an 
end  in  1862. 

The  system  of  manufacture,  as  carried 
on  in  Austria,  was  as  follows  : — Superior 
quality  of  cotton  was  carded  loosely  and 
twisted  into  skeins,  the  strands  being  of 
larger  or  smaller  size  according  as  the  fu- 
ture produce  was  intended  for  cannon  or 
small  arms.  These  skeins,  about  five  or 
six  to  the  pound,  were  immersed  in  a  boil- 
ing solution  of  carbonate  of  potash,  the 
liquor  being  afterwards  extracted  by  means 
of  centrifugal  machines.  The  skeins  were 
then  washed  in  clear  running  water,  sepa- 
rately and  quickly,   either  by  hand  or  by 


allowing  the  mass  to  remain  in  water  for 
three  or  four  hours.    They  were  then  again 
passed  through  a  centrifugal  machine,  and 
subsequently  dried,  in  summer  by  the  rays 
of  the  sun,  in  winter  in  a  drying-house, 
heated  by  air-pipes,  to  from  30  to  38  deg. 
Cent.,  in   the   latter   place   usually  taking 
some   four   or   five  days  in  the  operation. 
The  dried  skeins  were  next  immersed  in  a 
mixture  of  three  parts  by  weight  of  sul- 
phuric acid,  specific  gravity  of   1.82,   and 
one  part  of  nitric  acid,  specific  gravity  1.52. 
Only  two  skeins,  of  about  3  oz.  each,  of 
cotton  were   immersed   at   one   time,    and 
after  being  stirred  about  by  iron  paddles, 
the  cotton  was  transferred  to  covered  stone 
jars,  each  capable  of  containing  six  skeins, 
or  about  1  lb.,  mixed  acid  being  added,  if 
necessary,  to  bring  up  the  proportion  of  10. V 
lbs.  of  acid  to  1  lb.  of  cotton.  These  jars  stood 
for  48  hours  in   a   cool  place,  in    summer 
time  in  cold  water.     After  the  cotton  had 
digested  for  this  period,  the  acid  was  sepa- 
rated, as  far  as  possible,  by  a  centrifugal 
machine,  the  men  working  the  acid  being 
protected  from  the  fumes  by  a  wooden  parti- 
tion.    The  acids  extracted  by  the  centrifu- 
gals were  not  used  again,  in  the  manufac- 
ture of  gun-cotton,  until  after  re-manufac- 
ture.    The  skeins  of  gun-cotton  thus  made 
still,    however,    remained   in    a   very   acid 
condition,    and   were   put  into    perforated 
receptacles  and  immersed  in   a  stream  of 
fresh  water,  where  they  were  allowed  to  lie 
for  at  least  three,  and  often  as  long  as  ten 
or  twelve  weeks.     Each  skein  being  finally 
separately  rinsed  in  the  stream  to  remove 
impurities,  the  water  in  the  fibrous  masses 
of  gun-cotton  was  again  extracted  by  the 
centrifugals.      The    gun-cotton    was   next 
treated  with  a  solution  of  carbonate  of  pot- 
ash,   as   in   the   preliminary   process,  and 
again  washed  in  pure  water,  after  the  alka- 
line  liquid   had   been   extracted:       These 
skeins  of  gun-cotton  having  been  allowed 
to  partially  dry,  by  exposure   to  the  air, 
were  placed  in   a  large  wooden  tub,  con- 
taining a  solution  of  silicate  of  soda,  and 
in  which  it  remained  for  an  hour,  the  ob- 
ject being,  by  the  formation  of  a  varnish  of 
the  silicate  over  the  fibres,  to  retard  the 
combustion  of  the  gun-cotton,  the  superflu- 
ous water-glass  being  expressed  partly  by 
hand   and   more  fully  by  the  centrifugal. 
The  skeins  were  then  thoroughly  dried  in 
a  drying-house,  similarly  as  in  the  prepara- 
tory operations,  the  period  of  their  remain- 
ing there  being  from   eight  to  ten  days. 
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The  protection  afforded  by  the  soluble  glass 
was  found  to  be  very  ephemeral  and  treach- 
erous, of  no  real  protective  effect  for  the 
cotton,  or  permanent  retarding  influence 
on  the  explosion. 

The  Austrian  mode  of  manufacturing 
gun-cotton  was  imported  into  this  country 
in  1863  by  Professor  Abel;  the  Chemist  to 
the  War  Department,  and  experiments 
upon  a  manufacturing  scale  were  instituted 
at  the  Eoyal  Gunpowder  Works,  at  Walt- 
ham  Abbey.  Considerable  difficulty  was  ex- 
perienced, however,  from  the  variation  in 
compactness  of  the  twist,  which  exerted  so 
much  influence  upon  the  rapidity  of  the 
combustion  of  gun-cotton  in  ordnance,  as 
to  necessitate  the  hand-picking  and  separa- 
tion of  the  mass  into  two  or  more  portions. 
Mixed  acids  were  used  in  the  same  propor- 
tions as  the  Austrian,  sulphuric  being  1.84 
specific  gravity ;  nitric,  1.52.  The  cotton 
was  made  up  into  skeins,  those  of  the  stout 
yarn  weighing  from  4  to  6  oz.,  and  those  of 
the  fine  yarn  from  3  to  4  oz.  each.  These 
were  boiled  in  a  solution  of  carbonate  of 
potash,  the  excess  of  liquid  held  in  suspen- 
sion by  the  skeins  being  wrung  out  in  a 
centrifugal  machine.  The  cotton  was  then 
washed  by  hand  in  a  large  tank,  and  after- 
wards immersed  in  a  stream  for  48  hours, 
when  the  skeins  were  again  centrifugalled, 
and  the  cleansed  cotton  dried.  The  acids 
were  weighed  off  into  stoneware  barrels 
provided  with  taps,  two  of  these  receiving 
the  sulphuric  acid  and  the  third  nitric  acid, 
these  barrels  being  so  arranged  on  a  table 
that  the  acid  would  run  from  the  taps  into 
a  deep  and  capacious  stoneware  vessel  fitted 
with  an  iron  lid  and  a  tap.  About  twelve 
hours  before  the  immersion  of  the  cotton  in 
the  acids,  the  skeins,  which  had  been  pre- 
viously dried  in  the  air,  were  hung  up  in  a 
large  drying  chamber,  subjected  to  a  tem- 
perature of  not  less  than  49  deg.  Centi- 
giade. 

For  treating  the  cotton  skeins  with  acid 
the  following  method  was  employed  : — Into 
one  large  deep  stoneware  pan  were  drawn 
off  the  quantities  of  mixed  acids  required 
for  a  certain  number  of  skeins  ;  the  second 
pan  was  fitted  with  a  perforated  ledge  of 
iron  surrounded  by  cold  water.  Some  of 
the  acid  being  transferred  to  the  second 
pan,  two  skeins  were  immersed  in  it  and 
stirred  about  for  two  or  three  minutes. 
The  superfluous  acid  was  pressed  off  upon 
the  iron  shelf  with  an  iron  paddle,  the 
quantity  of  acid   absorbed   by  the  skeins 


being  replaced  in  the  dipping-pan  from  the 
first  vessel ;  two  other  skeins  were  treated 
in  the  same  manner,  and  so  on.  The  drain- 
skeins  were  transferred  to  stoneware  jars  ; 
six  of  the  large,  or  nine  of  the  fine,  being 
the  quantity  for  each,  any  additional  quan- 
tity of  acid  necessary  to  cover  the  cotton 
being  added,  until  the  proportion  of  acid 
to  cotton  was  as  15  to  1.  The  skeins  were 
allowed  to  stand  in  these  pots  for  digestion 
48  hours,  as  in  the  Austrian  process ;  the 
contents  of  the  jars  were  then  centrifu- 
galled, by  which  the  great  bulk  of  the  acid 
was  separated  from  the  cotton.  In  the 
Austrian  works  at  Hirtenberg  copper  cen- 
trifugals were  employed  ;  at  Waltham  Ab- 
bey the  centrifugals  were  of  iron.  The 
Austrian  finished  cotton  had  been  quickly 
immersed  by  a  special  machine,  under  a 
cascade,  where  its  saturation  by  water  had 
been  effected  with  great  rapidity  ;  at  Walt- 
ham  Abbey  the  skeins  were  plunged  singly, 
as  rapidly  as  possible,  into  a  large  body  of 
water,  and  moved  violently  about ;  they 
were  then  washed  by  hand,  and  afterwards 
immersed  in  a  stream  for  a  period  of  not 
less  than  two  days,  the  skeins  being  arrang- 
ed on  rows  of  poles,  so  placed  that  the 
skeins  were  in  a  vertical  position,  the  water 
circulating  among  them  freely.  At  the  ex- 
piration of  this  time  the  skeins  were  re- 
moved and  the  water  separated  by  cen- 
trifugalling  ;  they  were  then  boiled  for  a 
few  minutes  in  a  solution  of  carbonate  of 
potash,  and  after  being  centrifugalled,  to 
separate  the  alkaline  liquor,  they  were 
again  placed  on  the  poles  and  left  in  the 
stream  from  14  to  18  days.  On  final  re- 
moval from  the  stream,  each  skein  was 
washed  by  hand  and  allowed  to  remain  in 
distilled  water  for  some  hours.  The  amount 
of  gun-cotton  which  theoretically  100  lbs. 
of  cotton  should  furnish,  is  183.3  lbs. ;  the 
increase  of  weight  under  the  process  at 
Waltham  Abbey,  was  determined  at  177 
lbs.  per  100  lbs.  of  cotton. 

The  gun-cotton,  when  finally  purified, 
was  dried  at  Waltham  Abbey  in  the  open 
air,  exposed  to  daylight  and  very  often  to 
powerful  sunlight ;  when  dry  it  was  packed 
in  ammunition  boxes  lined  with  tinned 
copper,  and  having  very  tightly-closing 
double  lids.  The  cotton  so  packed  was 
found  upon  subsequent  examination  to 
exhibit  considerable  traces  of  acidity,  the 
odor  of  which,  after  the  boxes  had  been 
closed  for  24  hours,  was  such  as  to  change 
litmus  paper.     Experiments  were  also  made 
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by  steeping  cotton  in  the  residual  mixed 
acids  left  after  the  first  steeping,  but  the 
lower  substitution  products  obtained  were 
not  satisfactory.  In  1864  the  English 
Government  appointed  a  committee,  upon 
the  recommendation  of  the  British  Associa- 
tion, to  inquire  into  the  properties  of  gun- 
cotton  as  a  substitute  for  gunpowder, 
General  Sabine  being  the  president,  and 
Colonel  Boxer,  R.  A.,  and  Mr.  Abel,  the 
two  chief  officers  of  the  Royal  Laboratory 
at  Woolwich  Arsenal,  being  amongst  the 
members.  This  committee  experimented  in 
that  year  with  12-pound  brass  field  guns 
and  gun-cotton  cartridges  made  at  the  small 
works  then  already  established  at  Stow- 
market  for  working  the  patents  of  M.  Revy. 
The  cartridges  which  were  10  in.  long,  were 
divided  into  outer  and  inner  portions  by  an 
intermediate  pasteboard  cylinder;  the 
charges,  from  1  lb.  to  21  oz.,  were  made  in 
different  degrees  of  compactness,  the  most 
compact  giving  1,374  ft,  the  medium  1,390, 
and  the  least  compact  1,416  ft.  velocity  to 
the  projectile  ;  those  giving  the  two  former 
velocities  having  hollow  centres  for  the 
expansion  of  the  gases,  and  the  last  being 
made  solid.  The  cotton  thread  supplied  by 
M.  Revy  was  strongly  pressed  in  winding, 
and  thereby  flattened,  thus  becoming  more 
compact.  The  next  year  further  cartridges 
were  supplied  from  Stowmarket  of  very 
high  degrees  of  compactness,  the  most  com- 
pact of  which,  40  lbs.  to  the  cubic  foot,  had 
cores  large  enough  to  reduce  the  greatest 
density  to  18  lbs.  These  gave  a  maximum 
velocity  of  1,673  ft.  These  charges,  how- 
ever, enlarged  the  bore  of  the  gun  at  every 
round — in  some  cases  so  much,  that  only 
three  rounds  were  fired  out  of  the  piece. 

In  June,  1865,  Mr.  Abel  informed  the 
committee  that  he  had  made  gun-cotton  in 
a  new  form  prepared  from  pulp,  and  as  the 
results  were  satisfactory,  he  was  desirous  of 
making  further  trials  in  a  more  complete 
manner  than  he  could  do  with  the  means 
at  his  own  disposal.  The  committee,  there- 
fore, provided  such  materials  and  facilities 
as  from  time  to  time  Mr.  Abel  required  for 
the  application  of  gun-cotton  to  artillery 
and  small  arms.  A  memorandum  was 
drawn  up  by  Mr.  Abel,  in  1868,  which 
states  that : — - 

"  Mr.  Abel  has  applied  to  the  production 
of  cannon  cartridges  the  system  of  reducing 
gun-cotton  to  a  fine  state  of  division  or 
pulp,  and  then  moulding  or  compressing  it 
into  solid  or  homogeneous  masses  of  any 


desired  form  or  density,  whereby  the  desired 
compactness  may  be  given  to  the  charge 
without  the  necessity  of  employing  any  con- 
siderable amount  of  foreign  matter  in  the 
shape  of  strong  cases  or  cylinders  in  the 
construction  of  the  cartridges,  the  charges 
being  simply  enclosed  in  thin  cases  or  en- 
velopes of  brown  paper. 

"  In  the  cartridges  prepared  from  com- 
pressed gun-cotton  pulp,  which  has  been 
gradually  developed  in  the  course  of  experi- 
ments with  gun-cotton  in  this  condition,  the 
charge  consists  of  three  parts  : 

"  1 .  A  small  quantity  of  loose  or  quickly- 
burning  cotton  placed  at  the  rear,  and  serv- 
ing as  '  priming '  to  take  up  the  fire  from 
the  friction-tube,  and  to  furnish  sufficient 
flame  and  pressure  for  determining  the 
proper  ignition  of  the  cartridge. 

"  2.  A  solid  disc  of  compressed  gun- 
cotton,  of  which  one  surface  is  exposed, 
and  which  comprises  about  one-third  of  the 
entire  charge.  The  exposed  surface  of  this 
disc  constitutes  the  rear  end  of  the  car- 
tridge against  which  the  priming  is  fixed, 
and  the  initial  pressure  in  the  gun  essen- 
tial to  the  action  of  the  remainder  of  the 
charge  is  established  by  the  explosion  of 
this  disc. 

"3.  A  number  of  pellets  of  compressed 
gun-cotton  which  constitute  the  remaining 
two-thirds  of  the  charge.  These  pellets  are 
about  0.5  in.  thick,  and  one-third  the  diam- 
eter of  the  large  disc." 

The  gun-cotton  pellets  fired  from  the  En- 
field rifle  were  wanting  in  uniformity,  and, 
although  better  and  satisfactory  results 
were  attained  from  the  Whitworth  rifle  with 
mechanically-fitting  bullets,  still  the  per- 
cussioning  of  both  those  rifles  failed  to  give 
that  full  inflammation  of  the  charge  which 
was  desirable.  Attempts  were  also  made 
about  this  time,  by  Mr.  Abel,  to  apply  the 
pellets  to  the  Snider  rifle.  Mining  opera- 
tions were  also  tried  in  1864  and  1865,  both 
with  M.  Revy's  hollow  rope,  and  Mr.  Abel's 
compressed  discs.  Mr.  Sopwith,  the  mining 
engineer,  also  a  member  of  the  Government 
Committee,  was  associated  with  these  ex- 
periments, and,  in  his  report,  remarks  on 
the  entire  safety  in  the  transmission  and 
stowage  of  gun-cotton  in  a  moist  state.  He 
also  notes  the  occurrence  of  accidents  by 
the  ignition  of  dry  gun-cotton  charges  by 
friction  and  sharp  concussion.  The  Com- 
mittee, in  their  report  of  1867,  observe  that 
the  value  of  gun-cotton  for  submarine  pur- 
poses has  been  fully  established  by  the  ex- 
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periments  of  the  Floating  Obstruction — 
otherwise  the  Torpedo — Committee,  of  which 
Mr.  Abel  was  also  a  member. 

In  1867  M.  Nobel  made  public  demon- 
stration in  this  country  of  dynamite,  a  mix- 
ture of  nitro-glycerine  with  silicious  earth, 
and  detonated  his  charges  by  means  of  a 
strong  fulminate -cap.  This  gentleman  has 
done  for  nitro-glycerine  the  like  service  which 
Baron  Lenk  and  Professor  Abel  have  done 
for  gun-cotton  by  their  persistent  perseve- 
rance. M.  Nobel  devised  various  modes 
of  effecting  this  detonation,  or  initiative  ex- 
plosion. He  also  showed  that  nitro-glycerine 
and  its  compounds  could  be  violently  ex- 
ploded in  the  open  air,  unconfined,  by  this 
initiative  detonation.  M.  Nobel  also  sat- 
urated gunpowder  with  nitro-glycerine,  and 
obtained  increased  explosive  power  there- 
by. 

In  1869,  Mr.  E.  0.  Brown,  the  assistant 
of  Professor  Abel  in  the  chemical  depart- 
ment in  Woolwich  Arsenal,  applied  the 
same  means  to  the  detonation  of  gun-cot- 
ton ;  and  Mr.  Abel  impregnated  gun-cotton 
with  nitro-glycerine,  forming  a  compound 
of  increased  power,  which  he  called  gly- 
oxilin. 

Gunpowder,  too,  has  been  detonated  with 
improved  effect ;  but  the  difference  is  not  so 
marked  as  in  the  case  of  nitro-glycerine  and 
gun-cotton. 

The  Stowmarket  works  of  Messrs.  Pren- 
tice, at  which  Bevy's  gun-cotton  has  been 
made,  were  greatly  enlarged,  and  the  man- 
ufacture of  Abel's  compressed  gun-cotton 
commenced  on  a  large  scale  in  1870. 

In  1870  also  Mr.  Punshon  brought  for- 
ward his  controlled  gun-cotton,  and  experi- 
ments were  carried  on  at  Woolwich  Arse- 
nal, no  profitable  results  therefrom  accruing 
to  the  inventor  at  that  time,  or,  indeed,  sub- 
sequently from  the  Government.  Without 
doubt  the  want  of  substantial  official  appre- 
ciation was  a  temporary  detriment  to  that 
gentleman's  interest,  as  the  submission  of 
novelties  to  Government  examination,  under 
past  or  present  circumstances,  habitually  is 
to  those  who  adopt  such  a  course  either  in 
military  or  naval  matters.  Independent  of 
all  other  reasons,  the  submission  to  Govern- 
ment of  an  invention,  not  at  the  time  com- 
mercially in  the  market,  causes  commercial 
men  to  await  the  results  of  official  investi- 
gations, which,  however  honest  they  may 
be,  are  invariably  tardy,  and  consequently 
expose  the  applicant  to  most  injurious  de- 
la^ .     The  proper  time  to  put  any  new  arti- 


cle before  the  Government  is,  to  my  mind, 
when  the  owner  is  requested  to  tender  for  a 
large  supply. 

In  1871,  experiments  were  carried  on  by 
the  Government  Committee  on  Explosives, 
under  the  presidency  of  Colonel  Younghus- 
band,  and  of  which  committee  Professor 
Abel  was  one  of  the  members,  for  the  pur- 
pose of  showing  the  safety  of  Abel's  gun- 
cotton,  then  being  manufactured  in  large 
quantities  by  Messrs.  Prentice,  at  Stow- 
market, under  the  title  of  the  "Patent 
Safety  Gun-cotton  Company."  The  chief 
of  these  experiments  was  the  one  upon 
which  the  "  safety"  of  Abel's  gun-cotton  was 
afterwards  based  and  publicly  advertised, 
that  Company  being  at  the  time  under  a 
contract  to  deliver  200  tons  to  the  Government 
stores.  This  experiment  was,  to  my  mind, 
so  unsatisfactory  and  fallacious  that,  al- 
though for  years  I  had  been  in  constant 
correspondence  with  one  of  the  chief  organs 
of  the  press,  I  never  publicly  reported  it, 
but  I  took  occasion,  as  soon  as  I  knew  of  it, 
to  express  my  distinct  opinion  that  the  ex- 
periment was  not  reliable  for  the  true 
object  of  determining  the  non-explosibility 
of  the  residual  heated  masses  of  gun-cotton 
stores  in  a  state  of  violent  conflagration. 
These  experiments  were,  however,  reported 
in  the  "  Globe,"  and  extracts  from  that" 
journal  were  distributed  as  circular  adver- 
tisements by  the  Patent  Safety  Gun-cotton 
Company,  and  gentlemen  therein  inter- 
ested. 

In  July,  1871,  the  following  paragraph 
appeared  in  the  "  Scientific  American  : — 

"  A  number  of  mysterious  explosions  of 
various  nitrogen  compounds  have  attracted 
the  notice  of  chemists,  and  some  experi- 
ments have  been  instituted,  with  a  view  to 
an  explanation  of  the  phenomena.  It  has 
been  found  that  nearly  all  the  mixtures 
composed  of  nitrogenous  substances,  and 
used  as  explosives,  are  decomposed  with 
more  or  less  violence  by  ozone.  A  powder, 
in  which  picric  acid  was  a  constituent, 
caused  great  damage  in  the  laboratory 
where  it  was  made,  in  consequence  of  the 
action  of  ozone.  At  first  the  cause  of  the 
accident  was  inexplicable,  but  careful  search 
traced  it  to  the  ozone  in  the  atmosphere. 
Nitro-glycerine  is  at  once  decomposed  by 
ozone  into  nitric  acid  and  other  compounds. 
Gun-cotton  is  also  destroyed,  sometimes 
with  explosive  force,  and  so  on  through  the 
list  of  explosive  compounds.  An  extension 
of  these  researches  may  eventually  afford 
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an  explanation  of  the  spontaneous  decom- 
position of  certain  bodies,  and  may  suggest 
precautions  to  be  observed  to  prevent  a  re- 
currence of  the  accidents,  and  it  has  been 
suggested  that  a  new  test  for  ozone  might 
be  found  in  this  way." 

Explosion  of  gun-cotton  as  a  test  of  ozone 
in  the  air  is  one,  to  my  mind  at  least,  not 
suitable  for  general  adoption.  There  may 
be,  however,  a  great  deal  in  the  philosophy 
of  the  subject  Ozone  is  three  volumes  of 
oxygen  condensed  into  two  volumes  ;  and  as 
we  know  that  ozone  is  able  to  effect  oxida- 
tions which  common  oxygen  is  unable  to 
bring  about,  it  is  obviously  well  to  have 
regard  to  those  conditions  of  the  atmos- 
phere in  which  ozone  is  most  freely  genera- 
ted. All  the  serious  explosions  of  gun-cot- 
ton attributed  to  spontaneous  decomposition 
have  taken  place  in  the  hot  weather  of  July 
and  August,  and  it  is  in  those  months  that 
one  would  expect  that  ozone  would  exist  in 
the  most  active  state  in  the  atmosphere. 
Unfortunately,  no  records  exist,  or  are  any- 
where kept  of  the  daily  presence  of  ozone 
in  the  air,  whereby  definite  information  can 
be  had  to  serve  as  data  for  any  scientific 
investigation  of  this  question.  In  one  of 
Faraday's  charming  lectures  at  the  Royal 
Institution,  he  took  a  glass  jar,  and  first 
demonstrating,  by  the  usual  test  of  iodide 
of  potassium  and  starch  paper,  the  total  ab- 
sence of  ozone  from  the  air  within  it,  he 
poured  into  it  a  little  ether.  Still  no  ozone 
was  there ;  but  immediately  that  he  im- 
mersed a  glass  rod  heated  in  a  spirit  lamp, 
the  presence  of  ozone  was  at  once  shown  by 
the  test.  In  the  same  lecture  he  noticed 
the  decomposition  of  gun-paper  by  exposure 
to  oxygen.  The  slow  combustion  of  the 
sheets  of  gun-paper  so  produced  would  be- 
come spontaneous  combustion  of  a  very 
dangerous  character  where  masses  of  gun- 
paper  or  gun-cotton  were  left  under  condi- 
tions in  which  the  heat  of  decomposition 
could  be  retained  and  accumulated. 

On  the  14th  August,  1871,  the  great 
catastrophe  occurred  at  Messrs.  Prentice's 
place,  at  Stowmarket,  in  which  13  J  tons  of 
Abel's  patent  safety  gun-cotton  exploded, 
hurling  devastation  all  around  the  works, 
killing  23  and  wounding  56  of  the  persons 
employed.  Two  reasons  have  been  assign- 
ed for  this  sad  occurrence, — one  spontane- 
ous ignition,  the  other  diabolical  act.  That 
impure  gun-cotton  had  been  produced  at 
the  Stowmarket  factory  is  certain,  because 
the  stock  of  gun-cotton  received  into  store 


by  the  Government  at  the  Upnor  magazines, 
on  the  Med  way,  was,  on  examination  after 
the  calamity,  found  to  be  in  a  decomposing 
state,  and  the  whole  of  it  was  consequently 
at  once  opened  out  on  the  floors  and  kept 
well  watered. 

From  the  time  of  this  occurrence  up  to 
the  present  moment,  gun-cotton  has  been 
out  of  the  market,  and  none  of  it  made  in 
commercial  quantities.  The  nitro-glycerine 
compounds  have  thus,  in  the  absence  of 
that  cleanly  and  powerful  explosive,  had 
the  markets  during  the  past  two  years  en- 
tirely to  themselves. 

After  the  demolition  of  the  Stowmarket 
works  the  Government  took  up  the  manu- 
facture of  gun-cotton,  voting  about  £5,000 
per  annum  for  the  establishment  of  works 
at  Waltham  Abbey  of  some  magnitude, 
capable  of  producing  about  three  tons  per 
week.  These  works,  which  are  situated  in 
the  High  street  of  the  town,  have  been  in 
operation  more  than  two  years,  but  have 
recently  been  suspended  on  account  of  an 
explosion  in  one  of  the  hydraulic  presses. 

The  works  of  Mr.  Prentice  are  at  this 
time  stated  to  be  in  process  of  resuscitation, 
and  will,  as  soon  as  completed,  go  on  with 
the  manufacture  of  180  tons — the  balance 
of  contract  due  at  the  time  of  the  disaster. 
I  have  been  informed  that  opposition  has 
been  made  by  the  Great  Eastern  Railway 
to  the  license  to  store  at  Stowmarket. 
Those  works,  when  in  full  swing,  were 
hard  pressed  to  produce  five  tons  a  week. 
The  magnitude  of  the  new  works  at  Eaver- 
sham  will  stand  out  prominently  in  view  of 
these  proportions. 

It  has  become  therefore — as  this  audience 
and  every  one  hereafter  who  reads  this 
paper  when  printed  in  the  Society's  Transac- 
tions will  perceive — a  matter  not  only  of 
duty  but  of  conscience  on  my  part  in  put- 
ting up  the  largest  works  for  the  manufac- 
ture of  gun-cotton  ever  contemplated,  to 
leave  nothing  unthought  of,  nothing  undone 
that  human  knowledge  or  foresight  can 
suggest.  It  is  this  feeling  which  so  thor- 
oughly animates  my  assistants  as  well  as 
myself,  and  it  is  a  feeling  which  is  most 
fitly  and  most  honorably  encouraged  by  the 
directors  of  the  Company,  who  have  sanc- 
tioned any  provision  for  security,  which  has 
been  requested  by  myself,  by  the  magis- 
trates in  granting  the  requisite  license  to 
manufacture,  or  the  Home  Office  in  regard 
to  the  security  of  the  public  and  the  work- 
people.   Undoub  tedly  the  S  to  wmarke  t  catas- 
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trophe  has  given  us  great  annoyance  and 
obstruction  on  account  of  the  alarm  which 
has  been  raised  through  it  in  men's  minds, 
as  well  as  by  the  basis  which  this  fear  has 
afforded  for  interested  opposition  against 
the  acquirement  of  a  site  by  our  Company. 
I  should,  however,  be  wanting  in  justice  if 
I  did  not  speak  in  the  highest  terms  of  the 
knowledge,  care,  and  caution  which  have 
been  displayed  by  those  of  the  county  mag- 
istrates of  Kent,  who  considered  the  Com- 
pany's application  for  a  license,  under  the 
Grimpowder  Act,  for  the  Company's  site  at 
Faversham  ;  and  personally  I  am  bound 
also  to  acknowledge  the  prompt  attention 
and  courtesy  received  from  the  Home  Office 
and  from  the  Inspector  of  Gunpowder  Fac- 
tories, Major  Majendie. 

The  Company's  site  at  Ore  extends  over 
more  than  forty  acres,  and  occupies  the 
shore  of  the  Swale  for  a  length  of  some  800 
yards.  The  distance  from  the  town  of  Fav- 
ersham is  two  miles,  and  the  extensive  gun- 
powder works  of  Messrs.  Hall  are  1|  miles 
away. 

The  land  lies  low,  but  the  marsh  is  not 
of  wet,  unwholesome  character ;  the  tertiary 
strata  rise  gradually  behind  it  until  they 
attain  an  elevation  of  40  or  50  feet  at  Up- 
lees  and  Ore  village.  The  proximity  of  the 
sea  along  so  great  an  extent  of  frontage 
affords  every  facility  for  the  reception  and 
loading  of  the  materials  and  goods.  The 
situation  is  clearly  advantageous  as  well  as 
suitable. 

We  come  now  to  the  arrangement  of  the 
works.  First,  there  will  be  small  works,  in 
which  the  process  of  commercial  manufac- 
ture will  be  perfected  and  assured  before 
the  general  works  to  make  20  tons  of  gun- 
cotton  per  week  will  be  commenced,  and 
these  small  works  will  be,  after  the  erection 
of  the  large  works,  continued  in  operation 
as  laboratory  works  for  the  manufacture  of 
small  orders  of  special  brands  of  the  cotton- 
gunpowder,  which  can  be  made  to  any  re- 
quired degree  of  strength  or  mildness,  to 
suit  particular  kinds  of  rocks,  or  for  any 
other  special  purpose.  The  system  therein 
followed  will  be  (proportionate  in  scale)  the 
same  as  that  adopted  for  the  general 
works — namely,  full  distinction  will  be 
made  between  the  wet  works  and  the  dry 
works,  or,  in  other  words,  the  manufacture 
of  gun-cotton  in  a  wet  state  and  the  sub- 
sequent processes  in  which  it  is  being  pre- 
pared for  its  final  dry  state  as  a  finished 
explosive,   the   buildings   being   more  iso- 


lated, and  the  quantities  in  work  restricted, 
as  the  processes  approach  more  and  more 
to  dryness. 

The  site  at  Ore  is  divided  into  two  por- 
tions, the  factory  area  and  the  magazine 
area,  the  intake  jetty  for  acids,  cotton,  and 
raw  materials  being  at  one  end  of  the 
ground,  and  the  output,  or  shipping  jetty, 
for  the  finished  gunpowder  being  at  the 
other,  and  separated  by  an  interval  of  700 
yards.  The  magazines  are  separated  from 
the  sea-wall  by  a  space  of  100  yards,  and 
from  each  other  by  a  similar  distance,  these 
isolations  being  ample  for  explosions  of 
15  tons,  although  none  of  the  magazines 
will  be  constructed  to  hold  more  than  five 
tons.  Indeed,  throughout  the  whole  of  the 
works  all  the  danger-distances  are  arranged 
upon  the  known  effects  of  the  explosion  of 
13 \  tons  of  absolute  gun-cotton  at  Stow- 
market. 

This  disposition  of  the  works,  therefore, 
commands  confidence  from  its  thorough  effi- 
ciency ;  whilst  the  Company's  interests  are 
in  nowise  thereby  sacrificed,  but,  on  the 
contrary,  ample  margin  is  afforded  for  the 
extension  of  the  manufacture  at  a  future 
period,  when  the  cotton  gunpowder  shall 
have  become  a  standard  article  of  trade, 
and  when  the  magistrates  and  the  Home 
Office  can,  by  the  light  of  actual  experience, 
sanction  such  modifications  as  in  the  infan- 
cy of  the  manufacture  it  is  neither  desira- 
ble to  ask  for,  nor,  for  mere  prudence'  sake, 
to  encourage.  At  the  Stowmarket  explo- 
sion, the  material  damage — that  is,  any 
greater  damage  than  the  breaking  of  win- 
dows—was limited  to  400  yards.  There  is 
nothing  at  the  Ore  site  whatever — not  even 
a  hut  or  a  shed,  within  nearly  twice  that 
distance  of  the  most  proximate  of  the  Com- 
pany's magazines ;  and,  indeed,  such  is  the 
security  afforded  by  mere  distance  of  unoc- 
cupied space  around,  that  100  tons  might  be 
exploded  above  ground  on  the  Company's 
magazine  area  without  doing  material  dam- 
age to  any  of  the  dwellings  in  the  district. 

Equal  care  and  precaution  have  been 
taken  in  the  processes  of  manufacture. 
The  acids  will  be  mixed  in  the  usual  pro- 
portions, but  instead  of  being  stirred  about 
in  a  primitive  fashion  in  iron  retorts,  they 
will  be  decanted  in  the  required  quantities 
in  separate  earthenware  vessels,  and  then, 
after  commingling  in  an  earthenware  worm, 
surrounded  with  water,  to  conduct  away 
the  heat  developed,  the  mixed  acids  will  be 
received  in  closed  tanks  and  pumped  up 
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as  wanted,  the  pump  being  continuously 
driven  from  the  shafting  and  returning 
excess  quantities,  thus  keeping  the  acids 
thoroughly  mixed.  The  acids  now  in  pipes 
from  the  store  tanks  into  the  service  tank, 
where  they  are  kept  at  one  definite  level  by 
a  float-valve,  and  whence,  as  the  acid  is 
abstracted  by  the  cotton  in  the  process  of 
dipping,  the  supply  is  automatically  let  on 
to  replace  the  quantity  used  at  each  opera- 
tion ;  the  disagreeableneess  of  the  acid 
fumes  is  thus  greatly  avoided.  After  the 
dipping,  the  pots  of  steeped  cotton  are  dealt 
with  most  conveniently.  These  pots  of 
steeped  cotton  are  then  left  to  digest  for  a 
sufficient  period  to  insure  the  conversion  of 
the  cotton.  The  adoption  of  stoneware  and 
the  general  neatness  and  the  cleanliness  of 
the  above  arrangements  are  far  in  advance 
of  the  iron  dipping-pan  and  pressing  grid 
and  rough-and-ready  means  with  which  the 
preparation  of  the  gun-cotton  has  been  car- 
ried on  in  any  previous  works.  The 
greatest  care,  too,  will  be  taken  in  the 
selection  as  well  as  in  the  cleansing  and 
drying  of  the  cotton  previous  to  steeping, 
whereby  gun-cotton  of  the  purest  character 
will  primarily  result. 

The  great  barrier  to  perfection  in  gun- 
cotton  has,  up  to  the  present  time,  been  the 
tenacity  with  which  the  fibre  retains  the 
acid ;  and  the  presence  of  acid  in  the  finish- 
ed gun-cotton  has  been  universally  admitted 
to  be  the  root  of  all  evils,  and  the  direct 
cause  of  that  spontaneous  heating  and 
igniting  to  which  the  terrible  catastrophes 
which  have  alike  terminated  all  the  large 
operation  hitherto  attempted  in  Germany, 
France,  and  England,  have  been  attributed. 
Professor  Abel,  when  he  adapted  the  ma- 
chinery for  paper-making  to  the  preparation 
of  gun-cotton,  made  a  most  important  ad- 
vance. It  'was  not,  however,  enough ;  al- 
though it  made  gun-cotton  practicable  for 
military  engineering.  The  system  of  pulp- 
ing by  means  of  the  rag-beater  cut  short,  it 
is  true,  the  fibres  of  the  cotton,  but  it  still 
left  the  individual  particles  of  the  pulp  in  a 
fibrous  condition,  and  this  necessarily  to 
this  extent  that  a  felting  property  was  as 
necessary  for  the  subsequent  compression 
of  the  gun-cotton  pulp  into  Abel's  discs  as 
the  felting  property  in  paper-pulp  is  re- 
quired for  the  manufacture  of  paper  into 
sheets.  But  the  fibre,  however  short,  still 
might  retain,  by  capillary  attraction,  parti- 
cles of  acid  in  the  tube  and  in  the  cellular 
structure  of  the  fibre  ;  and  although,  there- 


fore, the  subsequent  washing  of  the  gun- 
cotton  pulp  in  the  poachers  was  a  much 
accelerated  process  over  the  slow  method 
of  washing  and  immersing  gun-cotton  skeins 
in  running  streams,  yet  under  careless 
manufacture,  or  short  time  in  the  poachers, 
a  retention  of  acid  in  the  finished  discs 
was  highly  probable  ;  and  indeed  complete 
freedom  from  a  slight  percentage  of  re- 
tained acid  is  by  these  means  impossible, 
even  with  the  greatest  care  in  manufacture, 
and  this  cannot  be  eliminated  by  any 
amount  of  sampling  and  testing.  Indeed, 
as  against  a  small  residual  percentage,  a 
proportion  of  one  per  cent,  of  alkali  has 
always  been  added  as  a  neutralizer  in  all 
the  gun-cotton  made  or  accepted  by  Govern- 
ment. Now,  with  the  warnings  before  me 
of  the  danger  accruing  from  the  presence 
of  acid  in  the  finished  gun-cotton,  I  deter- 
mined to  get  rid  fundamentally  of  all 
harborage  for  it.  I  made  up  my  mind  to 
crush  out  every  particle  of  fibre,  and  to  re- 
duce the  gun-cotton  to  an  impalpable  pow- 
der. To  this  end  I  passed  it  between 
polished  rollers,  under  very  severe  pressure, 
and  the  result  has  realized  every  possible 
expectation.  The  gun-cotton  waste,  drip- 
ping with  water,  is  thrown  into  the  crush- 
ing-mill ;  the  jaws  of  the  rollers  seize  it,  it 
passes  through  flattened  into  a  compact 
mass;  it  passes  through  again,  and  is 
crushed  into  a  short  breaking  cake  (water 
jets  playing  all  the  time  to  keep  all  safe) 
again  and  again,  and  it  becomes  more  and 
more  powdery  at  each  operation,  until,  in 
about  six  passages,  it  is  reduced  to  verita- 
ble dust.  Reduced  to  this  condition,  the 
manufacture  of  gunpowder  from  gun-cotton 
became  a  commercial  practicability — be- 
came indeed  an  accomplished  fact,  as  is  evi- 
denced by  the  sample  of  finished  cotton 
gunpowder  which  I  have  now  the  pleasure 
as  well  as  the  honor  to  submit  to  your  in- 
spection. What  rejoices  me  in  this  result 
is  the  thorough  conviction  of  the  purity  of 
the  gun-cotton  so  prepared ;  and,  as  conse- 
quent upon  that  purity,  the  certainty  of  the 
safety  which  will  ever  after  belong  to  the 
finished  product. 

Mr.  Punshon's  "  controllable  gun-cotton  " 
was,  at  the  time  it  was  bought  by  the 
Company,  exactly  what  its  name  indicates. 
It  was  gun-cotton  of  the  finest  quality 
which  could  be  made  under  the  old  system, 
the  fibre  of  the  cotton  being  coated  and 
intermixed  with  sugar  and  nitre,  in  the 
proportion  of  67  parts  of  gun-cotton,  32  of 
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nitre,  and  one  of  cane  sugar.  This  mixture 
was  pressed  and  cut  up  into  shreds,  the 
cartridges  for  rifle-shooting  being  carefully 
made  with  charges  weighed  out  to  the 
grain,  to  secure  uniformity  of  shooting. 
The  sugar  is  the  controlled  element.  In 
proportion  as  the  quantity  of  it  is  increased 
or  diminished,  so  the  controllable  gun-cot- 
ton exhibits  more  violent  or  less  violent 
action  when  fired.  Of  the  efficiency  of  the 
control  I  have  myself  been  frequent  wit- 
ness. On  one  occasion  a  new  Martini- 
Henry  rifle  was  fired  repeatedly  with 
charges  of  50  grains  of  Mr.  Punshon's 
controlled  gun-cotton,  with  perfect  safety, 
and  less  recoil  than  from  an  ordinary 
charge  of  Curtis  and  Harvey's  gunpowder. 
The  same  rifle  fired  with  a  charge  of  34 
grains  of  ordinary  gun-cotton  was  burst  at 
the  chamber,  the  lock  blown  to  pieces,  and 
the  stock  split  right  down  to  the  guard  over 
the  butt. 

As  I  have  said,  the  control  by  means  of 
the  sugar  is  perfect,  and  the  entire  merit  of 
the  discovery  belongs  to  Mr.  Punshon — 
nothing  whatever  in  respect  to  it  is  due  to 
myself.  My  own  labors  and  progress  be- 
gin where  his  terminate.  The  crushing 
machine  has  enabled  me  to  carry  out  that 
which,  from  the  outset  of  my  connection 
with  the  Company,  has  been  the  desidera- 
tum to  be  attained,  namely,  the  manufac- 
ture of  a  perfect  gunpowder,  with  which 
cartridges  could  be  filled  by  measure  with 
the  same  rapidity  as  with  ordinary  black 
gunpowder.  The  reduction  of  the  gun- 
cotton  into  dust  has  not  only  permitted  the 
most  perfect  cleansing  of  the  gun-cotton 
from  acid,  which  has  no  longer  a  lair  to 
hide  in,  but  is  brought  on  to  the  surface 
and  instantly  cleared  away ;  but  this  finely- 
divided  state  enables  the  gun-cotton  to  be 
regularly  and  intimately  incorporated  with 
the  sugar  and  the  nitre,  and  thus  formed 
into  a  paste,  from  which  a  granulated 
powder  fit  for  guns  can  be  made.  This 
never  could  have  been  done  with  gun-cotton 
made  upon  the  old  processes,  nor  under  Mr. 
Abel's,  for  such  gunpowder  could  not  be 
made  even  from  pulped  gun-cotton,  since  the 
fibre  of  the  pulp  would  give  a  beard  to  the 
grains,  which  would  cause  them  to  cling  to- 
gether, and  prevent  the  mechanical  filling 
of  the  cartridges  cases.  Moreover,  the  re- 
sidual acid  would  be  very  likely  to  prove 
defiant  of  all  orders  to  "  keep  the  powder 
dry." 

The  incorporating   mill,    which  will   be 


used  in  the  cotton  gunpowder  works,  is  a 
modification  of  the  ordinary  incorporating 
mill,  to  suit  the  special  requirements  of  the 
case.  In  all  these  processes,  up  to  and  in- 
cluding the  granulation,  the  materials  are 
all  of  them  in  a  wet  or  moist  condition,  and 
free  from  danger  of  explosion,  and,  indeed, 
of  ignition.  The  one  point  of  difficulty, 
that  of  obtaining  the  requisite  weight  of 
gun-cotton  proportionate  to  the  weight  of 
the  other  ingredients  without  drying  it,  has 
been  overcome  by  constructing  a  special 
balance  to  weigh  the  quantities  by  specific 
gravity.  In  this  way  the  dangerous  ele- 
ment in  the  manufacture  of  the  cotton  gun- 
powder— gun-cotton — is  never  allowed  to 
exist  in  a  dangerous  state ;  it  is  never,  in- 
deed, in  even  an  inflammable  condition. 
And,  notwithstanding  all  the  world  has  re- 
cently heard  about  exploding  gun-cotton 
discs  in  a  damp  state,  no  fear  need  be  en- 
tertained for  stores  of  gun-cotton  kept  im- 
mersed in  water,  or  from  quantities  uncon- 
fined  and  wet.  I  have  long  understood 
how  far  damp  gun-cotton  could  be  exploded, 
and  how  the  circumstances  of  degrees  of 
moisture,  compactness  of  material,  strength 
of  detonation,  or  proportion  of  dry  gun-cot- 
ton to  the  damp  charge,  and  extent  of  con- 
finement, are  most  essential  elements  in  the 
possibility  of  the  operation.  I  have  myself 
frequently  tried  to  explode  considerable 
charges  of  wet  gun-cotton  waste  and  gun- 
cotton  pulp,  in  large  glass  bottles,  without 
stoppers,  floating  in  water ;  and  in  the  ef- 
forts to  get  them  off  have  attempted  to  de- 
tonate them,  not  merely  by  strong  fulmi- 
nate caps,  but  also  by  caps  combined  with 
small  charges  of  other  strong  explosives, 
the  result  having  been  that  the  wet  gun- 
cotton  has  been  blown  all  over  the  place 
unscathed,  whilst  the  glass  bottles  have 
been  shivered  to  atoms  by  the  violence  of 
the  detonating  charge.  Mr.  Abel,  at  the 
recent  torpedo  experiments  at  Stokes  Bay, 
put  eight  or  ten  nine-ounce  discs  of  Wal- 
tham  Abbey  gun-cotton,  containing  about 
20  per  cent,  of  moisture,  upon  the  ground 
in  line  one  inch  apart,  and  attempted  to  fire 
them  by  a  detonating  fuse  implanted  in  a 
a  dry  nine-ounce  disc  laid  atop  of  the  two 
central  wet  discs.  But  only  these  three 
discs  exploded ;  the  remainder  were  riven 
into  flakes  and  the  pieces  blown  about  all 
around  to  the  extent  of  40  or  50  paces  away 
from  the  centre  of  explosion.  At  the  same 
time  charges  of  500  pounds  of  similar  damp 
gun-cotton  were  exploded  with  great  effect 
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in  submarine  mines  in  the  bay,  under  a 
head  of  40  feet  of  water.  The  confinement 
and  the  heat  driveD  into  the  charge,  to  va- 
porize the  water  into  steam,  are  the  essen- 
tial requirements,  as  shown  by  Mr.  Abel. 
Shells  filled  with  water  could  be  exploded 
by  a  very  small  charge  of  gun-cotton  fired 
into  the  confined  water  by  detonation,  and 
I  expect  to  see  this  mode  practically  ap- 
plied at  some  future  time  in  warfare,  as  the 
shells  would  probably  be  more  completely 
disrupted  in  this  way  than  by  gunpowder, 
or  by  bursting  charges,  or  any  other  ex- 
plosive. I  have  long  since  burst  stoneware 
bottles  and  pots  in  this  way  into  innumera- 
ble very  equally  sized  fragments.  I  be- 
lieve, indeed,  that  the  idea  of  detonating 
wet  gun-cotton  may  have  been  suggested  to 
the  chemists  at  Woolwich  Arsenal  through 
my  applicatioD,  when  the  Company  contem- 
plated having  their  works  at  Esher — for 
they  have  had  long  and  anxious  seekings 
for  a  location — to  store  our  gun-cotton  in 
unlimited  quantity,  in  magazines  sub- 
merged in  a  large  pool  or  basin  formed  by 
the  waste  overflow  of  the  river  which  passed 
by  the  factory,  and  in  respect  to  which  Ma- 
jor Majendie  had  my  distinct  approval  for 
consulting  with  Colonel  Younghusband  and 
the  members  of  the  Government  Committee 
on  Explosives.  The  power  of  exploding 
damp  gun-cotton  would,  moreover,  elimi- 
nate from  the  Waltham  Abbey  process  the 
danger  of  drying  the  discs,  which,  under 
the  system  of  drying  by  hot  air  or  by  steam 
pipes,  and  on  metal  tables  as  at  Stowmar- 
ket,  or  in  enclosed  chambers  as  at  Waltham 
Abbey,  is  very  considerable  where  the  rules 
for  the  workmen  cannot  be  rigidly  enforced, 
as  they  are  in  the  Government  factories. 
To  be  able  to  explode  Abel's  discs  just  as 
they  come  from  the  hydraulic  presses, 
would  not  only  save  drying  at  the  works 
and  facilitate  the  safety  of  transport  and 
storage,  but  it  would  also  save  the  incon- 
venience and  danger  of  drying  gun-cotton 
charges  on  board  ships. 

Wet  gunpowder,  whether  made  of  "vil- 
lainous saltpetre  "  or  of  gun-cotton,  would 
be  of  no  use  to  sportsmen  or  soldiers  in  their 
respective  fields.  "  Keep  your  powder  dry  " 
is  as  necessary  a  proverb  for  cotton  gunpow- 
der as  any  other ;  and  as,  therefore,  the  cot- 
ton gunpowder  must  be  dried,  it  will  be  dried 
in  the  least  objectionable  manner.  Instead 
of  drying  it  by  heat  it  will  be  dried  in 
vacuo.  It  is  well  known  that  water  will 
boil  at  much  less  temperature  as  the  atmos- 


pheric pressure  is  diminished.  This,  then, 
is  the  principle.  The  ordinary  summer 
temperature  will  suffice  of  itself,  and  in  no 
case  where  artificial  heat  is  applied  will  it 
go — or  will  it  be  possible  for  it  to  go — beyond 
36  deg.  Cent.  At  this  temperature  the 
moisture  in  our  granulated  cotton  gunpow- 
der can  be  drawn  off  by  an  exhaust,  and 
the  powder  made  ready  for  packing  in  the 
cases  to  go  into  magazine  for  transportation 
in  execution  of  orders.  As  this  method 
will  shortly  receive  very  important  devel- 
opment, I  will  not  dwell  longer  on  it. 
Neither  will  I  dwell  on  the  process  of 
granulation,  as  that  also  is  in  a  stage  of 
further  consideration.  Left  to  itself,  how- 
ever, the  paste  compounded  in  the  incorpo- 
rating mill  will  have  a  natural  tendency,  in 
drying,  to  segregate  into  small  granules, 
which  can  be  at  once  sifted  into  three  sizes 
of  very  convenient  dimensions  for  small 
arms  and  sporting  guns. 

I  come  finally  to  the  magazines.  These 
will  be  sunk  some  ten  or  twelve  feet  below 
the  surface  of  the  earth ;  the  magazine  it- 
self will  be  made  of  zinc,  and  it  will  be  en- 
tirely surrounded  by  a  pool  of  water,  the 
breadth  of  that  water  ring  or  wet  ditch  be- 
ing 40  feet.  In  this  way  not  only  is  a 
water  bed  formed  in  case  of  explosion,  but 
an  earth  mortar  also  ;  and  the  effect  would 
be  that  the  gases  of  explosion  would  be 
sent,  if  not  straight  up  into  the  air,  at  least 
in  such  a  narrow  cone  of  dispersion  that  all 
lateral  effects  of  the  explosion  would  be 
completely  cut  off  from  all  surroundings, 
even  from  the  nearest  buildings  or  the 
works  themselves,  whilst  the  solid  earth 
would  form  an  impenetrable  traverse  be- 
tween one  magazine  and  the  rest.  The 
zinc  would  give  no  fragments  to  be. hurled 
into  the  air,  but  would  be  fused  into  me- 
tallic vapor  by  the  high  temperature  of  the 
explosion ;  if  indeed  the  heat  of  the  flames 
of  combustion,  which  would,  unless  the 
magazine  were  purposely  detonated,  un- 
doubtedly arise  for  some  time,  did  not  melt 
the  walls  of  the  magazines  before  the  resi- 
dual mass  of  cotton  gunpowder  became 
heated  to  explosiveness,  and  so  let  in  vol- 
umes of  water  from  the  surrounding  pool, 
sufficient,  at  least,  to  prevent  explosion,  if 
not  to  put  out  the  conflagration. 

For  mining  purposes,  for  cannon,  for 
rifles,  and  for  general  shooting,  the  cotton 
powder  will  present  special  and  valuable 
qualities.  Charges  for  wet  or  dry  blastings 
of  very  great  destructive  power  can  be  made, 
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and  equally  a  rolling  or  gradually  expand- 
ing force  can  be  obtained  at  will  to  order. 
The  cotton  powder — which  is  not,  so  far  as 
we  yet  know,  of  an  explosive  character 
until  confined — will  be  at  least  free  from 
those  dangers  to  which  the  ramming  home 
of  the  Stowmarket  compressed  discs  exposes 
the  miner  and  the  quarry-man.  Upon  the 
cannon  powder  I  sha*ll  hope  hereafter  to  have 
the  honor  again  of  meeting  you,  what  has 
already  been  done  giving  the  highest  pro- 
mise of  unsurpassed  results.  For  rifles  and 
sporting  guns  the  powder  will  be  very  soon 
in  the  market,  when  public  opinion  will 
criticise  it,  I  feel  sure,  in  a  higher  manner 
than  I  should  myself  like  to  do  ;  and  there- 
fore, I  will  content  myself  with  showing 
you  this  card  of  fired  cartridges,  and  this 
board  of  results,  by  which  you  will  see  that 
whilst  charges  of  75  grains  of  Curtis  and 
Harvey's  No.  6  gunpowder — the  best  in  the 
world — penetrates  at  100  yards  range  five 
stout  elm  boards  placed  in  a  rack  at  \  in. 
apart,  the  bullets  from  the  same  rifle  were 


driven  into  the  sixth  plank  with  charges 
of  thirty  grains  of  the  cotton  gunpowder, 
the  bulk  of  both  being  the  same,  the 
cartridges  being  filled  from  the  identical 
measure.  The  recoil  from  the  cotton 
powder  was  less  than  the  recoil  from  gun- 
powder, the  smoke  very  light  indeed,  with- 


out   smell,    and   the   barrel    of    the 


gun 


keeps  perfectly  clean,  and  its  surface  is 
not  at  all  corroded  by  the  action  of  the 
gases  generated. 

And  now,  gentlemen,  thanking  you  for 
your  patience  and  favor,  I  beg  you  to  ex- 
cuse any  self-glorification  I  may  seemed  to 
have  indulged  in,  by  believing  that  that  mo- 
tive has  not  in  the  remotest  degree  actuated 
either  my  speech  or  my  endeavors.  The 
patent  cotton  gunpowder  will  go  into  the 
market  untarnished.  It  will  be  my  most 
earnest  endeavor  to  keep  it  without  a  stain 
as  long  as  I  live.  In  the  conviction  of 
being  able  to  do  so  I  rejoice,  and  with  the 
endeavor  I  am  sure  I  shall  have  your  hearty 
sympathy. 


ON  THE  MINEEAL  KESOUECES  OF  INDIA. 

By  W.  T.  BLANFORD,  Assoc.  Rey.  Sch.  Mia.,  F.  G.  S. ;  Deputy-Superintendent  Geological  Survey  of  India. 
From  "Journal  of  the  Society  of  Arts." 


To  give,  within  the  limits  of  such  a  paper 
as  the  present,  anything  like  a  complete 
account  of  the  useful  minerals  now  employed 
by  man,  or  which  only  await  more  favor- 
able circumstances  to  render  their  extrac- 
tion profitable,  in  a  country  so  extensive  as 
India,  is  of  course  out  of  the  question.  All 
that  I  can  attempt  is  to  give  you  such  a 
general  summary  of  the  present  state  of  our 
knowledge  with  respect  to  the  distribution 
and  abundance  of  valuable  minerals  in 
India  as  will  enable  you  to  form  some  idea 
of  the  resources  available  for  commercial 
purposes. 

I  shall  probably  state  what  is  new  to 
many  when  I  record  my  conviction  that  the 
mineral  resources  of  India  are  chiefly  re- 
markable for  their  paucity,  that  despite  our 
imperfect  acquaintance  with  the  country, 
we  know  more  of  it  than  of  many  parts  of 
Europe,  and  that  wo  are  fully  justified  in 
believing  that  although  isolated  discoveries 
of  much  value  may  be  made,  and  minerals 
now  useless  may  be  mined  with  profit  at 
some  future  time,  it  is  improbable  that  India 
can  ever  become  a  rich  country  through  the 
development  of  its  mineral  wealth. 


However,  I  would  not  be  misunderstood. 
The  idea,  not  yet  extinct,  that  India  is  a 
country  abounding  with  diamond  and  gold 
mines,  and  only  awaiting  the  advent  of  the 
enterprising  Anglo-Saxon  digger  and  his 
cradle  to  pour  forth  its  treasures,  is  one  in 
which  I  certainly  have  no  faith.  The  greater 
portion  of  the  country  is,  I  believe,  either 
destitute  of  mineral  resources,  or  those  re- 
sources occur  in  a  manner  which  throws 
serious  obstacles  in  the  way  of  their  utiliza- 
tion. The  only  really  important  minerals, 
so  far  as  we  know  at  present,  are  coal  and 
iron  ores,  and  to  these  I  shall  revert  pres- 
ently, first  mentioning,  as  briefly  as  I  can, 
the  useful  minerals  which  are  found  in 
India,  and  in  the  territories,  out  of  India 
Proper,  which  belong  to  the  Indian  Govern- 
ment. These  minerals  are  the  ores  of 
copper,  silver,  lead,  and  tin;  native  gold, 
diamonds,  and  other  precious  stones,  cor- 
undum, salt,  and  petroleum.  Some  other 
minerals,  such  as  various  kinds  of  brick 
clay,  slate,  or  schistose- beds  used  as  slate, 
and  the  several  rocks  used  for  building 
purposes,  must  be  taken  into  consideration 
amongst  the  mineral  substances  used  in  the 
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arts,  and  consequently  of  value ;  but  it  would 
be  impossible  to  treat  of  these,  even  slightly, 
without  exceeding  the  usual  limits  of  a 
paper  like  the  present. 

Copper  has  been  found  in  many  parts  of 
India,  and  mined  in  several  places.  At 
present  there  are  mines  in  various  parts  of 
the  Himalayas,  especially  in  Kamaon,  Gurh- 
wal,  Nepal,  and  Sikkim.  These  are  all 
worked  by  natives  on  a  very  small  scale,  and 
the  produce  is  so  inconsiderable  that  even 
in  Kamaon,  where  the  number  of  mines  is 
large,  and  many  of  them  are  said  to  be 
extensive,  English  copper  is  imported  to 
supply  part  of  the  local  demand.  An  at- 
tempt was  made  in  1839,  at  Pokri,  in  Gurh- 
wal,  to  work  one  of  the  principal  mines  by 
European  methods,  but  it  was  unsuccessful. 

In  the  plains  of  India,  the  localities  at 
which  copper  has  been  known  to  occur  are 
very  thinly  scattered  over  the  country. 
Neither  this  nor  any  other  metal  can  be 
expected  in  the  vast  alluvial  plains  which 
form  so  large  a  portion  of  Northern  India, 
nor  in  the  immense  tract  of  volcanic  rocks 
occupying  the  greater  portion  of  the  Bom- 
bay Presidency  and  its  vicinity ;  but  even 
in  the  areas  of  metamorphic  rock  which 
cover  so  large  a  portion  of  the  surface  in 
the  eastern  and  southern  parts  of  the  Indian 
Peninsula,  metallic  ores  in  general  are  re- 
markably scarce.  Still  copper  has  been 
worked  at  various  times  by  natives  in  many 
places,  the  principal  of  which  are  in  Paj- 
putana,  the  countries  south  west  of  Bengal, 
and  Nellore,  Karnul,  and  Kudapah,  in 
Madras.  At  present  I  know  of  no  mines 
which  are  regularly  carried  on,  except 
those  near  Jaipur,  in  Rajputana,  of  which 
an  excellent  description  was  given  by  Col. 
Brooke  in  the  "  Journal  of  the  Asiatic 
Society  of  Bengal,"  for  1864,  p.  519,  and 
the  out-turn  from  these  is  far  from  large, 
but,  doubtless,  a  little  ore  is  from  time  to 
time  extracted  elsewhere. 

Much  copper  ore  appears  to  exist  near 
Chaibassa,  in  Singhbhum,  a  country  lying 
west  of  Midnapur,  in  Bengal.  An  extra- 
ordinary series  of  deposits,  partly  in  irreg- 
ular lodes  and  partly  disseminated  through 
schists,  extends  across  the  country  for  at 
least  80  miles.  Throughout  all  this  tract 
old  workings  abound,  but  there  is  much 
line  ore,  chiefly  carbonate  and  red  oxide  of 
copper,  with  occasionally  copper  glance,  left 
in  places.  At  least  two  attempts  have  been 
made  by  Europeans  to  work  mines  in  these 
deposits,   but,   despite   some    success,    the 


enterprise  was  not  profitable.  The  work- 
ings were  not  carried  to  much  depth,  I 
believe  never  deeper  than  the  old  native 
mines  had  penetrated,  but  the  impression 
left  upon  the  managers  of  the  mines  was 
that  the  deposits  decreased  in  richness 
below. 

Lead  is  even  less  frequently  met  with  in 
India  than  copper,  and,  where  it  occurs,  is 
usually  associated,  with  that  metal.  Galena, 
the  most  common  ore  of  lead,  is  found  in 
Kulu,  Gurhwal,  and  Sirmur  in  the  North- 
West  Himalayas,  and  in  the  former  coun- 
try there  are  said  to  be  rich  veins  of  the 
mineral,  but  they  have  hitherto  been  but 
little  mined.  I  am  not  aware  of  any  locality 
in  the  plains  of  India  at  which  lead  ores 
are  now  extracted,  but  some  are  found  in 
Ajmir,  Paipur,  Manbhum,  Karnul,  Kud- 
apah, etc. 

P;ch  tin  deposits  are  believed  to  exist  in 
the  Tenasserim  provinces  and  Martaban, 
tinstone  being  found  in  the  streams  which 
run  from  the  range  of  mountains  dividing 
the  British  provinces  from  Siam.  Farther 
south,  on  the  flanks  of  the  same  range,  are 
the  well-known  stream  deposits  of  Malacca. 
Though  these  Tenasserim  tin  ores  have 
long  been  known,  the  excessive  wildness  of 
the  country  which  is  covered  with  forest  of 
the  densest  description,  the  extreme  paucity 
of  the  population,  and  the  total  absence  of 
roads  or  any  means  of  carriage,  have  hith- 
erto prevented  all  attempts  at  working. 

In  India  itself  tin  has  been  reported  from 
two  or  three  places,  but  nothing  accurate  is 
known  of  its  occurrence. 

Silver  is  said  to  occur  associated  with  lead 
in  Kulu  and  Manbhum.  In  some  galena 
from  the  latter  country  as  much  as  119  oz. 
of  silver  to  the  ton  of  lead  was  found,  but 
only  a  small  quantity  of  ore  was  assayed. 
Similarly  in  some  copper  ores  from  Deogurh 
in  the  Sonthal  perganahs,  Mr.  Peddington 
found  about  50  oz.  of  silver  to  the  ton  of 
ore,  but  other  specimens  from  the  same 
locality  produced  little  or  no  silver.  The 
locality  in  Deogurh  I  have  myself  visited, 
but  could  trace  no  vein  or  other  regular 
deposit  of  ore ;  the  minerals  containing 
copper  appeared  to  be  irregularly  dissemi- 
nated in  very  small  quantities  through  the 
rock. 

Gold  is  found  in  many  parts  of  India, 
but  always  in  very  small  quantities,  in 
stream  gravels.  It  has  been,  and  is  still 
occasionally,  extracted  in  several  parts  of 
the  North- West  Himalayas,  also  in  Chota 
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Nagpur,  Manbhum,  Singhbhum,  and  the 
tributary  mehals  of  Orissa,  in  the  Godavari 
valley,  and  in  some  places  in  Southern 
India.  It  is  also  found  in  Assam  and  in 
parts  of  Burmah.  In  all  these  instances  it 
is  obtained  from  the  gravel  and  sand  by 
rude  processes  of  washing,  and  the  returns 
are  so  small  that  only  the  poorest  of  the 
natives  are  occupied  in  the  search,  which  is, 
as  a  rule,  practised  only  at  the  time  of 
year  (the  spring)  when  agricultural  labor 
is  suspended. 

Before  closing  the  list  of  metals  I  may 
mention  that  an  ore  of  cobalt  is  found  in 
small  quantities  near  Jaipur  in  Pajputana, 
and  is  employed,  it  is  said,  chiefly  for 
coloring  enamels.  It  is  probably  the  mine- 
ral known  in  European  works  as  Sye- 
poorite,  Syepoor  being  evidently  a  mis- 
taken spelling  of  Jyepoor  or  Jaipur. 
Antimony  is  found  in  Kulu  and  Lahaul, 
and  zinc  was  formerly  smelted,  and  may 
perhaps  be  so  still,  at  Jawad  in  Mewar. 
Chromic  iron  occurs  near  Salem. 

From  the  preceding  details  I  think  it  is 
evident  that  the  metallic  ores  of  India  are 
neither  rich  nor  abundant.  In  most  places 
where  they  are  found  there  are  remains  of 
old  workings,  frequently  of  large  extent, 
and  I  think  that  this  circumstance  tells 
strongly  against  the  probability  of  richer 
deposits  being  discovered,  because  it  shows 
that  both  mining  and  smelting  have  long 
been  practised  in  India.  My  own  belief  is 
that  the  art  of  smelting  has  probably  been 
longer  known  in  India  than  in  Europe,  but 
to  this  I  will  refer  again  when  speaking  of 
iron.  In  speculating  on  the  probable  dis- 
covery of  new  mineral  deposits,  we  must  bear 
in  mind  that  India  is  very  unlike  such  coun- 
tries as  Australia  or  America,  which,  until 
recently,  were  inhabited  by  mere  savages. 
For  ages  the  population  of  India  have  been 
acquainted  with  many  of  the  arts  of  civilized 
life,  and  the  great  command  of  labor  which 
the  rulers  of  the  country  possessed  enabled 
them  to  carry  on  the  processes  which  sup- 
plied them  with  such  a  desideratum  as  metals, 
in  a  manner  which  would  be  impossible  to 
wild  tribes,  the  greater  part  of  whose  ex- 
istence is  spent  in  a  struggle  to  procure 
food  and  defend  themselves  from  their 
enemies.  It  is  to  the  same  cause — the 
command  of  labor,  given  without  pay  as 
part  of  the  service  due  from  the  people  to 
their  rulers — that  I  am  inclined  to  attribute 
the  quantities  of  precious  stones,  and  espe- 
cially of  diamonds,  formerly  found  in  India. 


It  is  certain  that  of  late  years  compara- 
tively few  have  been  obtained,  and  I  sus- 
pect the  reason  to  be  that  the  deposits  con- 
taining diamonds,  like  the  ores  of  copper 
and  the  auriferous  sands  and  gravels  of  the 
rivers,  do  not  in  many  instances  really  pay 
the  expenses  of  working  them,  and  never 
did  so  ;  but  all  were  worked,  and  to  a  great 
extent  by  the  princes  of  the  country,  to 
supply  the  only  wealth  which  they  could 
accumulate,  and  to  furnish  the  only  form 
of  magnificence,  except  large  hosts  of  re- 
tainers, which  they  could  appreciate. 

Diamonds  were  formerly  found  chiefly  in 
the  country  around  Karnul,  Kuddapah, 
and  Ellore,  in  the  Madras  presidency,  near 
Sambhalpur,  on  the  Mahanadi,  at  Weira- 
gad,  south-west  of  Nagpur,  and  at  Panna, 
in  Bandelkhand.  At  the  last-named  place, 
at  Banaganpilly,  in  Karnul,  and  a  few 
other  localities,  mines  still  exist,  and  a  few 
attempts  have  of  late  years  been  made  to 
reopen  those  near  Sambhalpur,  but  with- 
out success.  Both  at  Banaganpilly  and 
Panna  the  mines  are  in  rock,  the  diamonds 
being  found  in  a  conglomerate — which, 
however,  is  clearly  not  their  original 
matrix  ;  but  some  of  the  diggings  at  Bana- 
ganpilly are  in  gravel,  the  materials  of 
which  are  derived  from  the  diamond-bear- 
ing strata,  and  at  the  other  places  enume- 
rated all  the  workings  appear  to  have  been 
in  loose  deposits. 

Although  rubies,  sapphires,  and  other 
precious  stones  are  found  in  Ceylon,  Inde- 
pendent Burma,  and  in  the  countries  north- 
west of  the  Himalayas,  I  know  of  no 
locality  in  British  India  where  they  are 
now  obtained ;  and  the  only  stones  pro- 
cured for  jewellery  to  any  extent  are  the 
agates,  carnelians,  and  other  forms  of 
quartz  derived  from  the  trap-rocks  of  Cen- 
tral and  Western  India,  or  from  deposits 
resulting  from  the  denudation  of  the  traps. 
The  largest  number  of  agate  pebbles  are 
found  in  the  neighborhood  of  a  small  village 
called  Patanpur,  not  far  from  Broach,  and 
in  the  Nerbudda  valley ;  and  the  pebbles 
are  worked  by  the  lapidaries  of  Cambay  and 
Jabalpur.  The  carnelians  from  the  former 
locality  were  known  in  the  time  of  the 
Bomans. 

Although  the  purest  forms  of  sapphires 
are  not  found  in  India,  the  coarse  varie- 
ties, or  corundum,  are  met  with  in  several 
places  in  Mysore  and  Salem,  and  in  Pewah, 
where  a  bed  occurs  several  yards  in  thick- 
ness, associated  with  jade. 
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I  may  pass  over  most  of  the  miscella- 
neous substances  which  are  mined  in  India, 
such  as  the  sulphur  and  borax  of  the 
North- West  Himalayas,  the  greater  part  of 
the  latter,  indeed,  coming  from  beyond 
the  British  boundary  ;  the  mica  of  Behur, 
the  shales  from  which  alum  is  made  in 
Pajputana,  Sind,  and  the  Himalayas,  the 
graphite  of  Kamaon,  Sikkim,  and  Travan- 
core  etc.  Petroleum  has  not  hitherto  been 
obtained  in  any  quantity  in  British  terri- 
tory, although  a  considerable  supply  is  pro- 
cured in  Upper  Burmah,  and  some  is  known 
to  exist  in  Pegu  and  also  in  Assam.  A 
sm-ill  quantity  also  oozes  from  the  ground 
at  several  places  in  the  Punjab,  and  a  few 
years  since  gas-works  were  erected  at 
Pawul  Pindi,  and,  I  believe,  pipes  laid 
down  with  the  intention  of  utilizing  the 
mineral  oil  for  the  purpose  of  lighting  this 
station.  Whether  this  has  been  carried 
into  effect  or  not  I  do  not  know ;  by  the 
last  accounts  I  have  heard,  it  appeared 
probable  that  the  supply  of  petroleum  pro- 
curable was  insufficient  for  the  purpose. 
It  is  impossible  not  to  express  surprise  that 
this  point  was  not  ascertained  before  any 
expenditure  upon  gas-works  was  allowed. 
The  salt  of  the  Punjab  salt  range  is  one 
of  the  most  valuable  minerals  of  India. 
The  supply  has  been  pronounced  by  ex- 
cellent authorities  to  be  practically  inex- 
haustible ;  indeed.  Dr.  Oldham  declares 
that  nowhere  else  in  the  world  are  deposits 
of  such  vast  extent  and  purity  known  to  oc- 
cur. The  Government  revenue  from  the 
suit  exceeds  £300,000  per  annum. 

Having  thus  briefly  noticed  the  known 
metallic  ores  and  other  minerals  of  our 
Indian  possessions,  exclusive  of  the  ores  of 
iron  and  of  coal,  I  shall  proceed,  before 
speaking  of  the  iron  ores/  to  describe  the 
distribution  of  the  various  coal-fields,  and 
the  value,  so  far  as  it  is  known,  of  the  fuel 
to  be  obtained  from  them,  since  the  future 
prospects  of  the  iron  manufacture  in  India 
depend  greatly  upon  the  presence  or  ab- 
sence of  mineral  fuel  in  the  neighborhood 
of  the  ore  deposits.  A  report  by  Dr.  Old- 
ham, in  1867,  on  the  coal  resources  and 
production  of  India,  being  a  return  called 
tor  by  H.  M.  Secretary  of  State,  gives  a 
complete  account  of  the  Indian  coal-fields 
known  at  that  time,  and  of  the  progress 
which  had  been  made  in  working  them. 
Since  1867  much  additional  information  has 
been  obtained  concerning  the  coal-fields  in 
the  central  provinces,  especially  those  in  the 
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basin  of  the  Godavari  and  its  affluents,  and 
considerable  progress  in  the  task  of  map- 
ping and  examining  the  coal-beari  jg  rocks 
in  Western  Bengal. 

The  known  coal-fields  of  India  are  mostly 
comprised  in  a  somewhat  broad  tract  of  coin- 
try  stretching  from  the  neighborhood  of 
Calcutta,  and  from  a  line  which  may  be 
roughly  drawn  parallel  with  the  coast  of 
the  Bay  of  Bengal,  but  at  a  distance  of  be- 
tween 100  and  150  miles  from  the  shore,  to 
about  the  78th  parallel  of  east  longitude,  or 
a  little  east  of  Nagpur.  This  tract  is 
bordered  by  the  plain  of  the  Ganges  valley 
on  the  north,  and  extends  locally  a  little 
beyond  the  Grodavari  to  the  south.  Outside 
of  this  limit  the  only  coal-fields  of  any 
promise  are  some  in  Upper  Assam;  but 
deposits  of  small  coal  are  found  in  the 
Khasi  Hills,  in  the  salt  range  in  the  Pun- 
jab, and  in  Tennaserim.  Discoveries  of  coal 
have  been  announced  in  several  other  places, 
but  all  have,  when  inquired  into,  proved  to 
be  of  no  practical  value. 

It  may  confidently  be  stated  that  through- 
out the  peninsula  of  India,  south  of  the  river 
Khrishna  (and,  in  fact,  south  of  the 
Godavari,  with  the  exception  of  a  tract  not 
extending  more  than  300  miles  from  the 
coast  of  the  Bay  of  Bengal),  throughout  the 
whole  of  Western  India,  comprising  the 
BombayPresidencyinitsentirety,Rajputana, 
Gwalior,  Indore,  Guzerat,  Kachh,  and  Sind  ; 
in  the  North-West  Provinces,  the  whole 
Gangetic  plain,  and  the  Himalayas,  not 
only  is  no  workable  coal  known,  but  it  is 
highly  improbable — and,  throughout  the 
greater  portion  of  the  area,  impossible — 
that  any  will  ever  be  discovered.  In  the 
Punjab  a  few  deposits,  not  of  true  coal,  but 
of  lignite,  have  been  met  with,  but  the 
quantity  is  very  small  and  the  quality  in- 
ferior. It  is  thus  evident  that  only  a  very 
small  part  of  India  can  be  considered  as 
coal-producing  ;  and  even  within  the  boun- 
dary I  have  pointed  out,  the  coal-fields  are 
in  general  but  thinly  scattered.  Part  of 
this  country  is  still  very  imperfectly  known, 
but  a  large  portion  has  been  carefully  ex- 
amined. 

All  the  coals  contaired  in  the  Indian 
fields,  with  two  or  three  very  trifling  ex- 
ceptions, come  from  one  geological  forma- 
tion, known  to  Indian  geologists  as  the 
Damuda,  the  name  bei'g  taken  from  the 
river  on  which  the  Eaniganj  and  several 
other  coal-basins  occur.  The  geological  age 
of  this  formation  has  long  been  a  matter  of 
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dispute,  but  is  now  clearly  ascertained  to 
be  the  same  as  that  of  the  Australian  coal, 
and  to  differ  very  little,  if  at  all,  from  the 
carboniferous  group  of  beds  in  Europe.  The 
fossil  plants  associated  with  the  coals  of 
India,  however,  differ  greatly  from  those 
of  the  European  coal  measures,  and  the 
Indian  coal  itself  is  very  dissimilar,  both  in 
quality  and  appearance,  its  most  characte- 
ristic distinction  being  its  excessive  lamina- 
tion, due  to  its  consisting  of  alternate  layers 
of  very  bright  and  very  dull  minerals — the 
former  a  pure  coal,  containing  a  large  pro- 
portion of  volatile  matter  and  but  little  ash, 
the  latter  earthy,  and  frequently  shale  rather 
than  coal. 

The  coal  basins  may  be  roughly  divided 
into  four  groups : — 1st.  Those  of  Bengal, 
including  the  coals  of  the  Eajmahal  hills, 
and  valley  of  the  Damuda.  2d.  Those  of 
Eewah,  Sirguja,  Bilaspur,  Chutia.  Nagpur, 
and  the  tributary  mehals  of  Orissa.  3d. 
Those  of  the  Nerbudda  valley  and  the  hills 
to  the  south  of  it.  4th.  Those  of  Chanda 
and  the  Godavari  valley.  I  will  enumerate 
the  different  coal-bearing  areas  in  each 
group. 

1.  Eajmahal  Hills. — Along  the  western 
face  of  these  hills,  which  run  north  and 
south  from  the  neighborhood  of  Eajmahal 
on  the  Ganges,  there  are  several  small 
fields,  from  which  some  coal  was  extracted 
during  the  construction  of  the  East  India 
Railway,  in  order  to  supply  fuel  for  brick 
and  lime  burning.  The  extent  of  the  fields 
it  is  difficult  to  define,  because  the  coal- 
bearing  rocks  are  covered  at  their  edges  in 
many  cases  by  higher  beds.  In  each  small 
basin,  one  of  which  occurs  in  every  large 
valley  traversing  the  hills,  are  several  seams 
of  coal,  varying  in  thickness-  from  3  to  12 
ft.,  but  the  quality  is  not  in  most  cases 
equal  to  that  of  the  better  coal  seams  in  the 
Eaniganj  field. 

2.  iianiganj. — This  is  at  present  by  far 
the  most  important  of  the  Indian  coal 
fields,  nearly  the  whole  of  the  coal  mined 
in  India  being  obtained  from  it.  In  1868, 
the  last  year  of  which  I  have  any  trust- 
worthy details,  the  coal  extracted  through- 
out the  whole  of  India  was  about  497,000 
tons,  of  which  but  4,000  tons  were  obtained 
from  all  the  other  coal  fields,  the  remainder 
being  from  the  Eaniganj  field.  There  has 
been  no  very  great  increase  in  the  produce 
of  other  coal  fields  since  18G8,  with  perhaps 
the  exception  of  the  Kurhurbari  field. 

The  Eaniganj   field  commences  at  a  dis- 


tance of  about  120  miles  to  the  north-west  of 
Calcutta,  and  is  about  fourteen  miles  in  ex- 
treme breadth  from  east  to  west,  and 
eighteen  from  north  to  south.  To  the  east 
the  coal-bearing  rocks  are  covered  by 
alluvial  deposits,  and  it  is  uncertain  what 
are  the  limits  of  the  field  in  that  direction. 
The  known  area  is  between  500  and  600 
square  miles,  a  portion  of  which,  about 
one-fifth,  is  covered  so  thickly  with  forma- 
tions of  later  age  that  it  must  be  left  out  of 
consideration  in  calculating  the  area  avail- 
able for  the  production  of  coal.  The  seams 
of  coal  are  numerous,  and  many  of  them 
are  of  fair  quality,  sufficiently  good  at  all 
events  for  railway  purposes,  lor  the  East 
India  Railway,  and  the  other  railways,  which 
start  from  Calcutta  have,  ever  since  they  were 
opened,  been  worked  with  coal  supplied 
from  Eaniganj.  The  different  seams  which 
are  mined  vary  in  thickness  from  4£  to 
35  ft,  and  many  of  them  vary  in  this  re- 
spect within  short  distances.  The  seams 
near  Eaniganj  itself,  where  the  workings 
are  more  extensive  than  elsewhere,  show 
but  little  variation,  and  are  of  more  uniform 
quality  than  those  in  the  north  and  west  of 
the  field,  where,  however,  much  good  coal 
exists. 

Although  this  coal-field  is  better  known 
than  any  other,  I  do  not  think  that  mining 
operations  are  sufficiently  advanced  to  ena- 
ble any  trustworthy  estimate  of  the  proba- 
ble yield  of  coal  to  be  formed.  Unques- 
tionably there  is  an  enormous  quantity  avail- 
able. Dr.  Oldham  estimates  it  roughly  at 
14,000,000,000  tons,  but  in  truth,  many 
seams,  perhaps  all,  vary  in  thickness,  and 
we  have  not  data  for  any  accurate  determi- 
nations. In  1860,  there  were  altogether 
about  50  collieries  at  work,  many  of  them, 
however,  being  nothing  more  than  small 
open  quarries ;  the  number  of  the  latter  has 
since  diminished,  but  the  output  of  coal  had 
doubled  in  ten  years. 

The  Eaniganj  coal-field  is  traversed  by 
the  chord  line  of  the  East  India  Railway, 
and  there  is  also  a  branch  line  to  some  of 
the  collieries.  To  this,  and  to  its  being  the 
nearest  field  to  Calcutta,  is  due  the  much 
greater  development  of  industry  in  mining 
this  field  than  in  any  other  part  of  ludia. 

3.  Jherria. — This  field  commences  only 
10  miles  to  the  west  of  the  Eaniganj  coal- 
bearing  tract.  It  is  21  miles  from  east  to 
west,  9  miles  from  north  to  south,  and  con- 
tains numerous  seams  of  coal,  some  of  them 
of  great  thickness.    No  collieries  exist.    The 
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coal,  so  far  as  it  has  been  examined,  ap- 
pears somewhat  inferior  in  quality  to  the 
better  seams  near  Eaniganj,  but  this  is  a 
question  which  can  never  be  fairly  decided 
without  mining. 

4.  Bokaro. — A  long  strip  of  coal-bearing 
rocks,  commencing  within  a  mile  of  the 
western  end  of  the  Jherria  field,  and  ex- 
tending 40  miles  from  east  to  west,  with  a 
breadth  from  north  to  south  never  exceed- 
ing 7£  miles.  The  coal  is,  so  far  as  is 
known,  inferior  both  in  quantity  and  qual- 
ity to  that  of  Eaniganj,  but  it  is  not 
worked. 

5.  Mamgarh.—&  small  field  30  square 
miles  in  extent,  south  of  the  last,  and  of  the 
same  character. 

6.  Hoharo  or  Karanpura  Coal  Fields. — 
Two  basins  of  coal-bearing  rocks,  respect- 
ively 472  and  72  square  miles  in  extent, 
lying  immediately  west  of  the  last-named 
fields,  and  due  south  of  the  civil  station  of 
Hazaribagh.  They  contain,  apparently,  a 
considerable  quantity  of  coal  of  fair  quality. 

All  the  above-named   coal-fields    are    in  j 
the    valley  of  the   Damuda,    along   which  j 
they  form  a  slightly  interrupted  belt  of  coal-  | 
bearing  rocks,  extending  for  150  miles,  and  j 
occupying  at  least   1,5U0    square   miles  of 
country.     As  the   extent  of  the    Eaniganj 
field  to  the  eastward  is  unknown,  this  esti- 
mate is  probably  below  the  truth,  and  my 
colleague,  Mr.  Hughes,  estimates  the  area 
of  coal-bearing  rocks  in  the  Damuda  valley 
at  2,000  square  miles.     Over  at  least  one 
half  of  this   area,  workable  coal  seams,  of 
considerable  thickness,  occur  within  a  dis- 
tance not  exceeding  1,000  ft.  from  t*he  sur- 
face.    There  is,  however,   a   gradual   dimi- 
nution in  the  thickness  of  the  coal-bearing 
formations  to  the  westward,  and  the  num- 
ber of  coal  seams  appears  also  to  diminish. 

7.  Kurhurbari. — A  small  field,  only  com- 
prising 18  square  miles,  of  which  8£  con- 
tain productive  seams  of  coal.  This  little 
tract  is  in  the  valley  of  the  Barakar,  a  trib- 
utary of  the  Damuda,  and  it  lies  to  the 
north  of  the  fields  previously  mentioned. 
It  is  2a  miles  distant  from  the  chord  line  of 
the  East  India  Railway,  and  a  branch  has 
been. made  to  connect  the  two.  The  quality 
of  the  coal  is  unusually  good  for  India, 
equal  or  superior  to  the  best  found  in  the 
Eaniganj  field.  Mr.  Hughes,  after  a  very 
careful  survey  of  this  field,  which,  from  its 
small  size,  affords  better  means  of  calcula- 
tion than  the  more  extensive  basins  of  the 
Damuda  valley,  considered   that  there  was 


sufficient  coal,  after  a  liberal  allowance  f.»r 
waste,  to  supply  an  out-turn  of  250,000 
tons  per  annum  for  800  years.  I  place 
very  small  reliance  upon  all  such  estimates, 
but  still  they  may  give  a  rough  approxima- 
tion to  the  truth,  and  they  are  as  likely  to 
be  too  small  as  too  large. 

The  collieries  now  worked  in  the  Kur- 
hurbari coal-field  belong  to  the  East  India 
Eailway  Company,  and  I  believe  it  has 
been  found  profitable  to  carry  coals  for  the 
use  of  the  railway  throughout  its  whole 
length,  and  that  they  can  compete  success- 
fully in  the  Punjab  lines  with  the  wood 
fuel  which  is  almost  the  only  local  supply 
in  the  extreme  north-west  of  India. 

I  omit  from  the  list  some  small  fields  near 
Deogurh,  in  the  Santhal  Parganahs,  east  of 
the  Kurburbari  field,  and  of  the  ltkuri  field 
to  the  west,  as  no  coal  of  any  value  has 
been  obtained  from  either,  and  the  fields 
are  of  very  small  extent. 

The  second  group  of  coal-fields  consists  of 
a  number  of  basins  scattered  thinly  over  an 
immense  tract  of  the  wildest  country  in  In- 
dia. None  of  them  are  thoroughly  ex- 
plored, and  it  is  highly  probable  that  when 
the  whole  country  is  geologically  surveyed, 
the  number  of  coai-bearing  localities  will  be 
largely  increased.  Great  additions  to  our 
knowledge  have  been  made  during;  the  to- 
pographical  survey  of  these  regions,  coal 
being  now  marked  on  the  maps  in  several 
places  where  it  was  before  unknown.  I 
shall  merely  mention  the  principal  locali- 
ties. 

S.  Palamaan  (Palamow),  or  Daltonganj, 
in  Chota  Nagpur,  a  field  about  30  square 
miles  in  extent.  Not  much  coal,  but  a  col- 
liery once  existed. 

9.  South  Bewah  Fields. — Coal  exists 
over  a  tract  of  country  about  40  miles  in 
length  by  20  in  breadth. 

10.  Fields  of  Upper  Son  Valley. — These 
are  very  extensive,  but  do  not  appear  to  be 
rich,  the  only  seams  known  being  thin  and 
of  poor  quality. 

11.  Fields  of  Sirguja,  Bilaspur,  in  East- 
ern Chatisgcrrh,  and  country  west  of  Chota 
J\ragpur. — I  class  these  together,  as  all  we 
know  of  them  is  that  seams  of  coal,  many 
of  them  of  great  thickness,  occur  in  several 
places.  At  Korba,  on  the  Hasdo  river,  a 
seam  is  exposed  altogether  89  ft.  in  thick- 
ness, of  which  50  ft.  is  coal,  the  rest  shale. 
The  coal,  however,  on  assay,  yielded  a  large 
quantity  of  ash.  These  fields  will  become 
important  in  the   event  of  a  direct  line  of 
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railway  being  made  from  Calcutta  to  Nag- 
pur. 

12.  Talchir. — This  field  is  on  the  Brah- 
mini  river,  about  50  miles  north-west  of 
Katak.  No  coal  of  any  value  has  been 
found  in  it. 

The  third  group  of  coal-fields  comprises 
those  in  the  N  erbudda  valley,  and  the  hills 
of  the  Satpura  range  to  the  south  of  the 
river.  One  locality  is  of  great  importance 
from  its  proximity  to  the  line  of  the  Great 
Indian  Peninsula  Railway.  Besides  the 
fields  noticed  hereafter,  small  quantities  of 
coal  occur  at  Lameta  Ghat,  Sher  river, 
Lokurtalai,  and  other  places,  and  from  the 
first-named  a  considerable  quantity  of  in- 
ferior fuel  has  been  at  times  extracted  for 
local  purposes,  but  no  valuable  deposits 
are  known  to  exist.  It  is  not  impossible, 
however,  that  some  may  occur  concealed  by 
overlying  formations. 

13.  Mopani. — This  is  the  spot  at  which 
the  collieries  of  the  Nerbudda  Coal  and 
Iron  Company  are  situated.  The  seam,  so 
far  as  it  is  known,  appears  to  average 
about  25  ft.  in  thickness,  but  owing  to  the 
high  dips,  numerous  faults  and  dykes,  and 
to  the  small  extent  to  which  boring  has 
hitherto  been  attempted,  the  prospects  of 
this  field  are  most  obscure.  I  learn  that 
Mr.  Medicott,  deputy-superintendent  of  the 
geological  survey,  has  been  specially  de- 
tached to  examine  the  neighborhood  by 
boring  in  the  course  of  the  present  season. 

14.  Tawa  Valley. — Several  seams  of  coal 
occur  near  Rawandyo,  between  Betul  and 
Hoshungabad,  about  35  miles  south  of  the 
Great  Indian  Peninsula  Railway.  My  own 
opinion  of  these  seams  was  rather  un- 
favorable. 

15.  Umret,  near  Chindwara. — Several 
seams  of  fair  coal  exist,  and  extend  appa- 
rently over  a  considerable  tract  of  country. 

The  last  group  consist  of  coal-fields  on 
the  edge  of  the  great  sandstone  track  which 
occupies  the  valley  of  the  Godavari  and  its 
tributaries,  the  Pranhita  and  Wardha, 
from  the  neighborhood  of  Nagpur  to  near 
Ellore.  Workable  coal  is  known  to  exist 
in  two  localities. 

16.  Wardha  Hiver,  or  JBerar,  and 
Chanda  Field. — Considering  the  very  re- 
cent period  at  which  attention  was  drawn 
to  this  important  series  of  coal  deposits, 
more  has  been  ascertained  concerning  the 
beds  than  in  any  other  coal-fields  in  India. 
This  is  due  to  the  circumstance  that  all 
preliminary  explorations  have  been  carried 


out  by  the  officers  of  the  Government,  and 
before  any  expensive  works  were  com- 
menced. The  existence  of  a  very  thick 
seam  of  carboniferous  shale  and  coal,  alto- 
gether 50  to  70  ft.  in  thickness,  and  con- 
taining a  fair  proportion  of  useful  fuel,  has 
been  proved  over  a  large  area  in  the  Cen- 
tral Provinces  and  Berar,  and  it  recurs  a 
few  miles  further  south  in  the  Nizam's 
territories.  The  quality  of  the  coal  hitherto 
mined,  though  inferior  to  the  best  seams  of 
Raniganj  and  Kurhurbali,  is  sufficiently 
good  for  railway  purposes,  and  it  is  rarely 
the  case  in  a  coal-field  that  the  best  coal  is 
the  first  discovered. 

17.  Kamarmn. — This  is  in  the  extreme 
eastern  portion  of  the  Hydrabad  territory, 
and  about  100  miles  north-west  of  Ellore. 
Two  seams  of  coal,  9  and  6  ft.  in  thickness 
respectively,  have  been  found,  and  they  are 
of  good  quality ;  but  they  have  only  been 
traced  over  a  small  tract  of  country,  not 
exceeding  a  quarter  of  a  square  mile. 

18.  ISingareny. — 30  miles  south-east  of 
the  last,  and  30  miles  north  by  east  of 
Kamamet.  The  thickness  of  the  coal  is 
unknown,  and  further  research  is  necessary, 
but  the  locality  is  interesting  as  being  the 
mobt  southern  yet  known  in  India. 

It  is  probable  that  other  coal  seams  re- 
main to  be  discovered  in  the  Godavari  val- 
ley. Several  have  been  observed  near 
Dumagudem,  the  head-quarters  of  the  navi- 
gation works  at  the  first  barrier  on  the 
Godavari,  but  none  a6  yet  found  is  suffi- 
ciently good  in  quality  to  be  of  much  value. 

There  is  one  point  in  connection  with  the 
distribution  of  coal  throughout  the  different 
bisins  which  is  worthy  of  notice,  and  that 
is  the  much  smaller  thickness  of  the  co  d- 
bearing  rocks  to  the  westward,  and  the 
circumstance  that  the  coal  found  in  them 
is  mostly  concentrated  in  one  bed  of  great 
thickness,  consisting  of  alternations  of  coal 
and  shale.  In  the  Raniganj  field,  where 
the  coal-bearing  formations  attain  their 
maximum  thickness,  they  consist  of  two 
groups,  the  upper  5,000  ft.  thick,  the  lower 
2,000,  each  containing  several  seams  of  coal. 
The  upper  group  entirely  thins  out,  or  is 
replaced  by  rocks  containing  no  coal,  to  the 
westward,  whilst  the  lower  group  diminishes 
greatly  in  thickness.  It  is  but  000  ft.  thick 
at  Mopani,  in  the  Nerbudda  valley,  and 
even  less  near  Chanda,  whilst  the  coal  is 
chiefly  contained  in  each  case  in  one  large 
seam,  25  to  30  ft.  thick  at  the  first  named 
locality,  60  to  70  (coal  and  shale)  at  the  last. 
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Before  leaving  the  subject  of  coal  there 
are  two  localities  in  the  extreme  north-east 
of  India  which  require  mention ;  these 
are — 

Khasi  Hills. — Some  coal  of  excellent 
quality  occurs  in  these  hills,  but  the  quantity 
is  limited,  and  the  locality  about  4,000  ft. 
above  the  plains. 

Assam. — One  of  the  most  promising  coal- 
fields hitherto  found  in  the  Indian  posses- 
sions occurs  in  Upper  Assam,  in  the  Di- 
brughar  and  Sibsagur  districts.  Scarcely 
anything  is  known  of  it  as  yet  except  the 
existence  of  several  seams  of  excellent  coal, 
containing  only  from  2  to  5  per  cent,  of  ash. 
Unfortunately  the  localities,  almost  at  the  ex- 
treme east  end  of  the  Assam  valley,  and  in 
a  country  thinly  inhabited  and  covered  with 
forest,  are  unfavorable  for  commercial  enter- 
prise. 

The  coal  hitherto  met  with  in  Burmah 
is  mere  lignite,  with  the  possible  excep- 
tion of  a  bed  recently  discovered  at  Maul- 
main,  concerning  which,  however,  I  have 
no  trustworthy  information.  As  the  ex- 
citement created  by  the  discovery  ap- 
pears to  have  been  succeeded  by  complete 
silence  on  the  subject,  I  fear  the  seam  is 
of  the  same  small  value  as  other  Burmese 
coals. 

From  the  above  details  it  will  be  evident 
that  in  the  portion  of  India  to  which  coal- 
bearing  rocks  are  restricted  there  is  a 
practically  inexhaustible  supply  of  the 
mineral.  All  the  coal-fields,  however,  are 
far  from  the  coast,  and  the  majority  are 
in  wild,  unsettled  districts,  far  from  the 
great  centres  of  commerce  and  lines  of  rail- 
way. When  w~e  proceed,  moreover,  to  com- 
pare Indian  coal  with  that  of  other  coun- 
tries, we  shall  find  a  startling  difference  in 
quality.  Some  of  the  Assam  coals  are  said 
to  cake  in  burning,  but,  with  this  exception, 
all  Indian  coals  are  free-burning,  and  they 
will  not  form  true  coke,  although  an  inferior 
coke-like  substance  may  be  procured  from 
some  of  them,  and  might  be  employed  in 
manufactures,  with  advantage.  All  ordi- 
nary Indian  coals  contain  from  10  to  30  per 
cent,  of  ash,  or  even  more,  and  the  propor- 
tion of  fixed  carbon  rarely  exceeds  60  per 
cent.  In  many  of  the  best  known  coal 
seams  of  the  Raniganj  field,  which  contain 
10  to  15  per  cent,  of  ash,  the  fixed  carbon 
is  but  little  over  50  per  cent.  The  average 
composition  obtained  from  assays  of  Indian 
coals  from  74  different  localities,  as givenin 
Dr.  Oldham's  report,  is  : — 


Fixed  carbon 52  2 

Volatile  by  heat 31.9 

Ash 15.5 

Whilst  the  average  of  five  specimens  of 
English  coal  sold  in  the  Calcutta  market, 
assayed  at  the  same  time  for  the  purpose  of 
comparison,  gave 

Fixed  carbon 68.1 

Volatile ...     29.2 

Ash  2.7 

The  result  of  various  trials  on  Indian  rail- 
ways has  been  that  it  requires  from  half  as 
much  again  to  twice  as  much  of  Indian 
coal  as  it  does  of  average  English  coal  to  do 
the  same  amount  of  work,  or,  in  other 
words,-  that  Indian  coals  are  capable  of  do- 
ing only  one-half  to  two-thirds  the  duty  of 
English. 

The  use  of  Indian  coal  has  hitherto  been 
restricted  to  railways,  river  steamboats,  and 
stationary  engines.  For  sea-going  vessels 
it  is  very  rarely  used,  owing  to  the  larger 
bulk  taken  up  by  it,  and  the  larger  staff  of 
firemen  and  coal  trimmers  required  in  con- 
sequence of  the  increased  quantity  of  coal 
burnt  and  of  the  resulting  ash.  Even 
should  the  price  of  English  coal  continue  to 
advance,  its  place  in  sea-going  vessels  will 
probably  be  taken  by  Australian  coal,  of 
which  a  constantly  increasing  quantity  has 
of  late  years  been  imported  into  India. 

For  the  development  of  the  coal-produc- 
ing industry  of  India,  we  must,  therefore, 
look  to  local  demand,  and,  above  all,  to 
railways  and  manufactures.  If  the  manu- 
facture of  iron  in  India  by  means  of  Indian 
coal  could  be  successfully  established,  a 
greater  impetus  would  be  given  to  coal 
mining  than  by  any  other  means  I  see  no 
reason  why,  with  careful  selection,  Indian 
coals  should  not  be  employed  in  manufac- 
turing iron.  Care  will  have  to  be  taken  in 
the  selection,  some  coal  containing  too  much 
sulphur  whilst  in  certain  kinds  an  unusual 
proportion  of  phosphorus  enters  into  the 
composition  of  the  ash,  and  doubtless  other 
difficulties  will  be  met  with  at  first,  but, 
although  the  first  attempts  may  -be  failures, 
I  confidently  look  forward  to  ultimate  suc- 
cess. 

As  its  gold,  copper,  and  precious  stones 
formed  the  mineral  wealth  of  India  in  the 
past,  and  its  coal  and  salt  are  its  richest 
productions  at  the  present  day,  I  cannot 
but  think  that  its  iron  ores  will  prove  its 
most  valuable  mines  in  the  future.  Unlike 
the  ores  of  the  rarer  metals  and  the  coal, 
the  iron-producing  minerals  of  India  are 
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widely  scattered  ;  and  except  in  the  alluvial 
plains  and  the  trap  area,  there  are  few  parts 
of  the  country  in  which  none  are  found, 
whilst  some  of  the  deposits  are  unsurpassed 
in  either  quality  or  abundance. 

The  iron  ores  of  India  may  mostly  be 
comprised  under  three  groups  : 

1.  Magnetic  and  specular  iron  ores,  and 
red  hematite  in  beds  or  veins,  amongst  met- 
amorphic  and  subcrystalline  rocks. 

2.  Clay  iron  ores  from  the  coal-bearing 
strata,  and  beds  of  brown  hematite  in  other 
stratified  rocks. 

3.  Surface  deposits  originally  derived 
from  metamorphic  and  sedimentary  strata, 
or  from  the  rock  known  as  laterite.  These 
deposits  usually  contain  either  magnetic 
iron  sand  or  nodules  of  brown  hematite. 
Laterite  itself  often  contains  from  20  to  30 
per  cent,  of  iron,  and  some  may  be  suffi- 
ciently rich  for  smelting. 

The  first  group  comprises  the  most  valu- 
able ores  of  India.  It  may  be  again  sub- 
divided into  two  sub-groups,  the  beds  of 
magnetic  or  specular  ore  in  the  crystalline 
rocks,  and  the  veins  and  irregular  deposits, 
mostly  of  hematite,  found  in  several  of  the 
older  formations.  To  the  former  belong 
the  great  deposits  of  Chanda  and  Salem, 
and  some  of  those  in  Kamaon ;  to  the  lat- 
ter, the  ores  of  Bandelkhand,  the  Nerbudda 
valley,  and  south-east  Berar.  The  supply 
in  many,  cases  is  practically  inexhaustible. 
Perhaps  the  most  remarkable  deposits  are 
those  near  Salem,  in  the  Madras  Presiden- 
cy, consisting  of  immense  beds  from  50  to 
100  ft.  thick,  or  even  more,  the  outcrop  of 
which  may  often  be  traced  for  miles.  One 
of  these  commences  about  9  miles  east  of 
Salem,  and  forms  the  ridge  of  a  hill  1,500 
ft.  high,  and  4  miles  long.  Again,  on  Kun- 
jamullay  hill,  6  miles  south-west  of  Salem, 
there  are  five  bands  of  magnetic  iron  from 
20  to  50  ft.  thick,  and  they  can  be  traced 
all  round  the  hill,  which  is  4  miles  in 
length.  These  are  only  two  instances  out 
of  a  large  number.  At  Lohara,  in  the 
Chanda  district,  Central  Provinces,  there  is 
a  hill  nearly  2  miles  long  and  half  a  mile 
broad,  the  surface  of  Avhich  is  covered  with 
masses  of  almost  pure  iron  ore,  a  mixture  of 
specular  iron  and  magnetic,  yielding  to  as- 
say 70  per  cent,  of  metallic  iron.  So  far  as 
I  could  make  out,  the  whole  mass  of  the 
hill  appeared  tQ  consist  of  this  ore.  Some 
thinner  bands  of  magnetic  iron  ores  occur 
in  the  gneissic  rocks  at  the  southern  edge 
of  the  Baniganj  coal-field. 


The  chief  ores  of  Bandelkhand  and  the 
Nerbudda  valley  consist  of  hematite  con- 
tained in  veins  and  brecciated  masses,  or  in 
local  deposits,  often  of  great  extent  and 
richness,  derived  from  the  denudation  of 
the  breccias.  Although  these  deposits  do 
not  approach  in  abundance  the  wonderful 
masses  last  referred  to,  they  are  able  to  af- 
ford a  large  quantity  of  excellent  ore. 

The  clay  iron  ores  of  the  Eaniganj  and 
other  fields  of  the  Damuda  valley  are  simi- 
lar to  those  of  the  English  coal-fields,  and 
the  quantity  is  large.  A  large  series  of 
specimens  from  the  Raniganj  coal-field 
yielded  on  assay  an  average  of  nearly  39 
per  cent,  of  iron.  In  the  other  coal-fields 
these  beds  are  either  sparingly  distributed 
or  wanting.  In  some  places  there  are  large 
deposits  of  hematite  near  the  base  of  the 
coal  measures. 

The  principal  iron  ore  of  Kamaon  is  ob- 
tained from  an  argillaceous  band,  contain- 
ing large  quantities  of  red  hematite,  with 
smaller  proportions  of  brown  hematite  in 
the  tertiary  sub-Himalayan  rocks.  The 
ore  bed  is  from  10  to  20  ft.  thick;  it  has 
been  traced  for  a  long  distance,  but  it  ap- 
pears to  be  only  locally  rich. 

The  various  surface  deposits  supply  a 
great  portion  of  the  ores  used  by  the  native 
smelters,  but  much  labor  is  necessary  in 
collection,  and  the  quantity  procurable  is 
often  insufficient  for  large  works.  Still, 
these  deposits  would  in  places  yield  a  very 
considerable  supply,  and  might  be  usefully 
employed  mixed  with  the  richer  ores. 

I  cannot  better  terminate  this  paper  than 
by  a  very  brief  account  of  the  native  iron 
manufacture  in  India,  and  a  short  notice  of 
the  efforts  hitherto  made  by  the  Govern- 
ment and  private  individuals  to  introduce 
smelting  on  a  larger  scale. 

The  iron  manufacture  in  India  dates 
from  a  period  far  beyond  the  range  of  his- 
tory. In  many  parts  of  the  country  stone 
circles,  cromlechs,  kistvaens,  and  similar 
relics  occur,  precisely  similar  to  those  found 
in  Europe ;  but  whereas,  in  the  European 
localities,  the  only  implements  found  be- 
neath these  ancient  remains  are  of  stone  or 
bronze,  in  India,  in  numerous  instances, 
weapons  and  other  objects  of  iron  have  been 
met  with.  It  is  not,  of  course,  certain  that 
the  stone  circles  of  the  two  countries  are 
contemporaneous,  but  still  there  appears 
every  probability  that  those  of  India  are  of 
greater  antiquity  than  the  earliest  use  of 
iron  in  Europe. 
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The  present  method  of  making  iron  varies 
somewhat  in  different  localities,  but  gener- 
ally the  process  is  carried  on  in  a  small  clay 
furnace,  three  to  five  feet  high,  and  about 
a  foot  in  diameter  inside.  The  blast  is  sup- 
plied in  Bengal,  Orissa,  the  Northern  Cir- 
cars,  Bastar,  the  lower  Godavari  Valley, 
etc.,  by  foot  bellows  of  peculiar  construc- 
tion, elsewhere  by  the  ordinary  Indian 
goat-shin  bellows,  worked  by  the  hand. 
The  fuel  employed  is  charcoal,  and  no  flux 
is  used.  The  smelting  usually  lasts  8  to  10 
hours,  after  which  a  mass  of  impure  malle- 
able iron,  weighing  from  10  to  20  lbs.,  is 
found  in  the  bottom  of  the  furnace.  This 
is  purified  by  reheating  in  an  open  hearth 
and  hammering.  The  resulting  iron  is 
usually  of  excellent  quality. 

There  are  various  modifications  of  this 
process.  On  the  Godavari  I  found  a 
wandering  gipsy-like  tribe  of  blacksmiths, 
who  simply  mix  ore  and  charcoal  in  a  hole 
in  the  ground,  and  by  the  means  of  foot- 
bellows  extract  a  small  mass  of  iron,  which 
they  proceed  at  once  to  hammer  into  any 
implement  which  may  be  required.  In 
Bhirbhum,  on  the  other  hand,  there  are 
furnaces  which  produce  upwards  of  a 
hundredweight  per  diem.  The  improvement 
in  this  case  was  first  made  by  an  English- 
man, but  has  been  adopted  by  the  natives. 
But,  however  modified,  the  process  is  ex- 
tremely rough  and  wasteful,  the  amount 
of  labor  and  the  proportion  of  fuel  neces- 
sary being  excessive,  whilst  the  quantity  of 
iron  produced  is  very  small.  The  natives 
engaged  in  the  work  are  of  the  lowest  caste, 
and  are  always  miserably  poor.  The  manu- 
facture of  iron  throughout  India  is  rapidly 
decreasing,  in  consequence  of  the  forests 
being  cleared. 

The  idea  of  introducing  European  meth- 
ods of  smelting  dates  from  the  commence- 
ment of  the  century,  when,  owing  to  the 
war,  the  introduction  of  charcoal  iron  into 
England  had  become  difficult,  and  it  is 
curious  to  note  that  the  original  intentions 
of  the  first  association  which  ever  attempted 
to  manufacture  iron  on  a  large  scale  in 
India  were  to  supply  the  wants  of  England. 
The  original  promoter,  Mr.  Heath,  a  Madras 
civilian,  applied  to  the  Government  of  Ma- 
dras for  aid  in  his  endeavor  to  start  iron 
works,  and  thus  commences  a  very  curious 
history,  told,  with  great  prolixity,  in  two 
Parliamentary  blue  books.  The  first  trans- 
action was,  perhaps,  the  most  remarkable 
of  the  whole.     The  Government  of  Madras 


did  not  like  to  advance  money  for  the 
establishment  of  iron  works,  but  they  gave 
Mr.  Heath  a  contract  to  supply  the  Govern- 
ment with  cotton,  with  the  intention  that 
he  should  apply  the  profits  derived  from  the 
cotton  contract  to  his  iron  manufacture. 
Unfortunately  for  the  latter,  the  price  of 
cotton  rose,  and  instead  of  profiting,  Mr. 
Heath  lost  by  his  contract.  However,  he 
still  kept  to  his  project,  and  about  1825 
succeeded  in  obtaining  an  advance  of  money 
from  Government  and  in  forming  a  company 
to  establish  iron  works  at  Porto  Novo,  near 
Cuddalore,  south  of  Madras,  Pol^mputee, 
near  Salem,  Trincomalee,  and  at  Beypoor, 
in  Malabar.  The  former  commenced  to 
work  about  the  year  1833. 

It  would  be  tedious  to  go  through  the 
long  history  of  the  Madras  iron  works. 
From  beginning  to  end  it  is  one  unbroken 
tale  of  ill-success,  despite  much  aid  from  the 
Government,  and  all  the  shareholders,  in- 
cluding Mr.  Heath,  lost  largely.  One 
company  failed,  and  another  was  started  to 
take  its  place.  Several  serious  errors 
appear  to  have  been  committed,  one  of  the 
principal  of  these  being  the  distance  of  the 
works  at  Porto  Novo  from  the  supplies  of 
ore  and  charcoal ;  another  the  faulty  con- 
struction of  the  works  in  the  first  instance. 
The  gradually-increasing  cost  of  charcoal, 
in  consequence  of  the  destruction  of  forests 
near  the  works,  and  the  distance  from 
which  it  was  necessary  to  bring  fuel,  also 
added  to  the  expense;  but  after  every  allow- 
ance has  been  made,  the  utter  collapse  of 
the  undertaking,  and  its  unprofitable  re- 
sults from  beginning  to  end,  are  difficult  to 
understand.  The  works  were,  I  believe, 
finally  given  up  about  1860. 

One  attempt  at  least  was  made  to  estab- 
lish iron  works  at  Paniganj,  and  one  at 
Jubalpur,  but  they  came  to  nothing,  and  in 
the  former  case  at  all  events,  no  furnace 
was  ever  built. 

Just  before  and  after  the  mutinies,  the 
commencement  of  railways  in  India,  and 
the  consequent  demand  for  iron,  seem  to 
have  greatly  stimulated  attempts  at  manu- 
facture. One  or  two  trifling  attempts  had 
already  been  made  in  Bengal,  but  in  1837 
Mr.  Sowerby,  an  engineer,  was  engaged  by 
the  Government  to  report  on  the  iron  ores  of 
Kamaon,  and  subsequently,  to  construct 
iron-works.  At  the  same  time  some  blast- 
furnaces were  built  in  the  same  country  by 
private  individuals ;  all  proved  failures. 
Another  attempt  was  made  by  a  Calcutta 
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merchant,  at  Mahamadbazar,  near  Suri,  in 
Bhirbhum,  at  a  distance  of  about  100  miles 
from  Calcutta,  and  close  to  the  line  of  the 
East  India  Railway.  I  was  ordered  to  re 
port  upon  these  works  in  18G0,  and  their 
prospect  appeared  to  me  fair,  the  only 
doubtful  question  being  the  supply  of  char- 
coal. However,  they  were  abandoned 
shortly  aiterwards.  Lastly,  some  works 
were  erected  by  the  Government,  at  Burwai, 
on  the  Nerbudda,  under  the  direction  of  Mr. 
Mitander,  a  very  able  Swedish  metallurgist. 
I  believe  this  was  by  far  the  most  promis- 
ing attempt  ever  made  to  construct  iron- 
works in  India.  Mr.  Mitander  was  admir- 
ably suited  for  the  work ;  he  had  had 
much  experience  in  making  iron  with  char- 
coal, and  was  at  the  same  time  a  good  me- 
tallurgist, with  sufficient  scientific  knowl- 
edge to  enable  him  to  overcome  difficulties. 
Alter  many  assays  all  preliminary  diffi- 
culties had  been  overcome,  the  works  were 
ready  for  the  production  of  iron,  and  noth- 
ing was  required  except  the  aid  of  some 
European  workmen  to  superintend  the  na- 
tives; but  meantime,  unfortunately,  Colonel 
(then  Captain)  Keatinge,  the  present  Chief 
Commissioner  of  the  Central  Province,  to 
whom  the  establishment  of  the  works  was 
due,  had  been  transferred  to  other  duties  at 
a  distance,  and,  there  being  no  one  to  urge 
the  importance  of  completing  the  experi- 
ment, the  Government,  in  a  fit  of  economy, 
after  spending  7^  lakhs  (£75,000 \  dismiss- 
ed Mr.  Mitander  and  closed  the  works, 
which  they  offered  for  sale,  naturally  with- 
out success.     This  was  in  1864. 

The  Nerbudda  iron- works  had,  to  the  best 
of  my  belief,  a  fairer  chance  of  success  than 
any  others  which  have  ever  been  attempted 
in  India.  Ore  and  limestone  abounded  in 
the  neighborhood,  and  a  large  forest,  ex- 
tending for  many  miles  to  the  east  and 
north  east,  furnished  a  sufficient  supply  of 
charcoal.  Above  all,  a  competent  manager 
was  in  charge.  It  is  greatly  to  be  regret- 
ted that  the  experiment  was  never  fully 
carried  out,  and  that,  after  the  large  ex- 
penditure made,  it  was  never  ascertained  by 
trial  whether  iron  could  be  made  with  profit 
or  not.  Equally  unfortunate  is  it  that  no 
record  has  been  published  of  Mr.  Mitander's 
various  experiments  of  the  plans  adopted  by 
him  for  burning  and  storing  charcoal,  etc. 
Should  new  works  be  started  all  will  have 
to  be  done  over  again.  The  works  have 
now  been  made  over  to  Holkar,  with  the 
territory  on  which  they  stand. 


All  the  iron- works  I  have  mentioned  em- 
ployed charcoal  for  fuel ;  the  use  of  Indian 
coal  for  iron-smelting  has  yet  to  be  attempt- 
ed. Several  men  of  experience  have  been 
sent  out  at  various  times  by  the  Government 
of  India  to  report  on  the  prospects  of  iron 
manufacture,  and  last  autumn  Mr.  Bauer- 
man  was  despatched  for  the  same  purpose. 
It  is  to  be  hoped  that  his  report  will  lead  to 
some  definite  result.  The  increasing  price 
of  iron  in  England  is  most  favorable  to  the 
chance  of  the  manufacture  proving  profit- 
able in  India. 

I  will  sum  up  in  as  few  words  as  possible 
my  views  as  to  the  mineral  resources  of  In- 
dia. The  known  ores  of  copper,  lead,  and 
silver,  and  the  deposits  containing  gold  and 
diamonds,  are  of  small  value.  Valuable 
tin  ores  exist  in  the  Tenasserim  provinces, 
and  still  more  valuable  beds  of  salt  in  the 
Punjab.  Coal  abounds,  but  is  limited  to  a 
comparatively  small  portion  of  the  country, 
and  the  quality  is  interior;  iron  ores  occur 
plentifully,  but  hitherto  they  h  ive  been 
very  little  worked.  I  think  I  am  justified 
in  my  opinion  that  India,  taken  as  a  whole, 
cannot  be  considered  rich  in  minerals. 


REPOfiTS  OF  ENGINEERS'  SOCIETIES. 

South  Midland  Institute  of  Mining  Engi- 
neers.— Mr.  S.  Watkins  read  a  paper  upon 
"  Colliery  Winding  Engines."  The  subject  had 
been  suggested  to  him  by  the  Secretary  of  the 
Institute,  and  it  was  treated  in  a  manner  which 
demonstrated  that  the  author  was  in  every  way 
qualified  to  handle  it  exhaustively.  Interestingly 
Mr.  Watkins  reviewed  the  history  of  the  colliery 
winding-engine,  sketching  the  character  of  the 
machinery  which  our  forefathers  found  suitable  to 
their  day.  Upon  getting  well  into  the  subject  he 
said  that  the  most  important  requisites  of  the 
colliery  mining  engine  were  that  it  should  be  self- 
contained;  the  centre  of  gravity  should  be  as  low 
as  possible;  the  building  should  be  light  and 
cheap,  as  it  might  be  more  or  less  of  a  temporary 
character  ;  to  obtain  stability  of  structure,  the  pull 
and  thrust  of  the  engine  should  be  in  the  line  of  the 
main  structure  thereof;  the  engine  should  be  as 
lis^hfc  and  portable  as  possible  consistently  with 
strength ;  friction  and  wear,  occasioned  by  cum- 
brous and  complex  working  parts,  should  be  avoid- 
ed :  the  engine  should  be  as  compact  and  accessible 
as  possible,  so  that  all  might  be  under  the  eye  of 
the  tenter ;  and,  lastly,  the  valve  gearing  should 
be  simple  and  easy  to  handle,  and  so  arranged  as 
to  give  a  variable  expansion.  No  engine,  so  far  as 
he  was  able  to  judge,  completely  met  the  first 
seven  requirements,  excepting  the  direct-acting 
horizontal  engine,  and  no  valve  gearing  would,  he 
|  thought,  so  completely  meet  the  eight  require- 
ments as  the  link  motion  with  reversing  eccentrics. 
J  The  author  then  discussed  at  length  the  many  ad- 
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vantages  of  the  direct  acting  horizontal  engine, 
and  gave  examples  which  were  supposed  to  be 
condensing  engines  having  perfect  vacuum  in  the 
condenser.  Coupled  engines  altogether  met  the 
difficulty  of  "  getting  on  centres."  The  steam 
parts  of  winding-engines,  when  sliding  valves  were 
used,  should  be  as  long  and  narrow  as  practicable, 
inasmuch  as  a  short  stroke  for  the  starting  handle 
was  desirable.  Among  the  numerous  diagrams 
which  illustrated  the  paper  Mr.  Watkins  exhibited 
a  drawing  of  a  horizontal  condenser  engine,  made 
by  Messrs. Nolett  &  Co.,  engineers,  of  Ghent.  This 
engine  set  forth  most  of  the  advantages  he  had 
mentioned  to  be  gained  from  the  use  of  horizontal 
engines.  Of  piston  speed  a  good  deal,  he  said,  had 
been  remarked,  but  except  that  it  enabled  small 
engines  to  be  raised  in  the  place  of  larger  engines, 
he  was  not  aware  that  there  was  an  advantage  in 
high  speeds.  Concluding,  the  author  said  that  for 
compactness  and  convenience  in  working  he 
thought  that  the  two-cylinder  engine  working  di- 
rect on  to  the  drums  would  compare  favorably  with 
the  cylinder  engine  driving  the  drums  on  the 
second  motion.  There  was  a  brief  discussion,  and 
the  author  was  warmly  thanked  for  his  communica- 
tion, which  was  deemed  of  so  much  importance  by 
the  members  of  the  Institute  that  it  was  deter- 
mined it  should  be  set  down  for  further  discussion 
at  the  next  meeting. 

American  Society   of  Civil    Engineers. — 
At  a  regular  meeting  the  Society  held  July 
2d,  1873,  Mr.  Leverich  presented  the  following: 

As  set  forth  in  the  Constitution,  two  of  the 
objects  of  the  American  Society  of  Civil  Engi- 
neers are:  the  professional  improvement  of  its 
members,  and  the  advancement  of  engineering  in 
all  its  branches. 

Among  the  means  whereby  these  objects  are  to 
be  secured,  are  :  the  collection  and  dissemination 
of  current  professional  knowledge,  and  the  foun- 
dation of  a  library  and  museum. 

The  professional  improvement  of  members  com- 
prehends the  collection  and  distribution  among 
them,  of  all  experimental  knowledge  relating  to 
their  profession,  both  of  the  past,  finished  and  re- 
corded, and  of  the  present,  incomplete  and  un- 
written. This  includes  the  discussion  of  theory, 
the  results  of  practice,  the  accounts  of  success  and 
failure,  the  teachings  of  experiment,  and  the  ex- 
amination of  data ;  and  thus  will  largely  promote 
the  advancement  of  engineering  in  all  its  branches. 
At  best  the  purpose  of  the  Society  will  be  but 
partially  effected  by  the  collection  and  dissemina- 
tion of  current  professional  knowledge,  unless  the 
same  is  also  securely  preserved  ;  this  involves  the 
foundation  of  a  library  and  museum. 

The  library  of  the  American  Society  of  Civil 
Engineers  should  contain  all  that  has  been  publish- 
ed relating  to  the  history  and  prosecution  of  engi- 
neering, maps  and  profiles  of  every  canal  and  rail- 
road, their  complete  reports,  those  of  the  several 
municipal,  state  and  federal  departments,  and  se- 
lect published  matter  referring  to  other  and  mis- 
cellaneous works,  public  and  private  It  should 
also  contain  standard  works  of  reference  in  science 
and  art,  and  indeed  lack  nothing  required  of  a 
library  by  the  student  or  accomplished,  engineer 
seeking  professional  knowledge.  The  museum 
should  be  an  adjunct  of  the  library,  and  illustrate 
in.  matter  much  that  is  there  described  in  words ; 


efficiently  representing  by  models  and  samples, 
the  proportions,  form  and  physical  characteristics 
of  the  agents  of  engineering  effort. 

Much  professional  knowledge  is  recorded  in  the 
several  technical  journals  of  the  day,  and  this  is 
almost  inaccessible  to  the  busy  members  of  a  pro- 
fession which  allows  but  little  time  or  opportunity 
for  exhaustive  reading.  Complete  treatises  are 
published  from  time  to  time,  upon  theoretical  or 
practical  subjects,  full  of  matter  valuable  to  engi- 
neers who  are  unable  to  possess  or  peruke  them. 
These,  as  issued,  should  form  a  part  of  the  library 
of  this  Society,  and  be  made  available  to  members. 

The  advantages  of  such  a  library  should  be 
placed  at  the  command  of  all  connected  therewith, 
wherever  they  may  happen  to  reside,  so  that  on  re- 
quest, complete  examinations  upon  specified  topics 
could  be  made,  pertinent  extracts  copied,  and  pro- 
per references  given  ;  therefore — 

Whereas,  the  foundation  of  a  library  and  mnseum, 
which  contains  •within  itself  all  accessible  publish- 
ed matter  relating  to  the  history,  theory  and  prac- 
tice of  engineering,  the  construction  and  manage- 
ment of  public  improvements,  and  the  methods  and 
cost  of  manufacturing  operations,  with  illustra- 
tions by  models  and  samples  of  the  results  thereby 
obtained,  must  be  invaluable,  not  only  to  the  pro- 
fession, but  to  all  who  are  interested  in  the  pur- 
suit or  the  application  of  practical  knowledge. 

Resolved,  That  a  Committee,  consisting  of  the 
President  and  nine  other  members  to  be  named  by 
him,  with  power  to  fill  vacancies,  be  appointed  to 
devise  a  plan  whereby  such  a  library  and  museum 
may  be  founded  ;  the  funds  obtained  for  its  collec- 
tion, management,  increase  and  maintenance ;  a 
suitable  place  secured,  where  it  and  other  posses- 
sions of  the  Society  may  be  preserved,  and  its 
advantages  enjoyed  by  members  and  others  con- 
nected therewith,  irrespective  of  their  location ; 
the  Committee  to  report  to  this  Society  at  the 
meeting  before  October  1st,  next ;  the  report  to  be 
printed  and  distributed  to  members  for  examina- 
tion and  approval,  and  action  thereon  made  a 
special  order  for  the  annual  meeting,  to  be  held 
November  5th,  1873. 

The  resolutions  were  adopted. 


IKON  AND  STEEL  NOTES. 

The  Nail  and  Chain  Trade  of  the  Black 
Country. — Relative  to  this  subject  some  in- 
formation of  interest  is  given  in  the  Reports  of  the 
Factory  Inspectors,  which  have  just  appeared. 
When  a  nail-master  commences  business  it  appears 
he  opens  a  warehouse  somewhere  in  the  district 
which  goes  by  the  name  of  the  Black  Country ; 
but  to  carry  on  a  large  trade  in  hammered  nails  he 
must  have  supplementary  warehouses  in  several 
districts.  At  each  of  these  warehouses,  on  certain 
days  of  the  week,  nail-rod  iron  is  delivered  to  the 
nailmaker,  sufficient  for  him  and  his  family  to 
work  up  in  a  week,  and  at  the  expiration  of  that 
time  he  is  expected  to  return  the  iron  made  into 
nails,  when  he  receives  a  further  supply.  The 
whole  family  are  usually  engaged  in  the  work ;  the 
district,  in  fact,  swarming  with  nail  and  chain 
shops  for  the  manufacture  of  all  kinds  of  hand- 
made nails,  and  from  the  strongest  cable  chains 
to  the  smallest  chains  in  use.  Men  or  women 
are  masters  or  mistresses  of  the  shops,   the  men 
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making  the  heavier  and  the  women  the  lighter 
chains,  while  the  children  act  as  bellows-blow- 
ers for  either  the  one  or  the  other.  With  all 
these  people  the  price  of  rod  iron  or  slack  coal 
is  of  the  first  importance ;  an  undue  or  unexpected 
rise  in  the  price  of  these  articles  seriously  affect- 
ing the  trade.  At  the  best  of  times  it  appears  that 
the  average  weekly  earnings  of  a  nailmaker  are  not 
more  than  from  12s.  to  16s.  per  week ;  and  the 
women  on  an  average,  earn  from  6s.  to  8s.  a  week ; 
the  children  from  3s.  to  5s.  It  is  worthy  of  note, 
too,  that,  while  the  highly-paid  foremen  and 
workers  in  iron  mills  are  refusing  to  work  more 
than  nine  hours  for  a  day's  pay,  the  nailmakers 
persist  in  declaring  that  the  W  orkshop  Act  will 
ruin  them,  as,  at  present  prices,  they  cannot  get  a 
living  by  working  twelve  and  fourteen  hours  a 
day.  It  is  estimated  that  in  the  headquarters  of 
this  trade  5,000  people  are  regularly  employed. 
The  work  is  carried  on  in  small  shops  with  from 
two  to  ten  hearths  each,  and  these  are  to  be  met 
with  behind  almost  every  cottage.  Each  hand 
hires  his  or  her  own  "  standing,1'  and  is  in  nowise 
responsible  to  any  one,  provided  the  rent  is  paid. 
The  wholesale  trade  is  in  the  hands  of  many  small 
factors,  who  have  warehouses  near  their  colony  of 
workers  for  the  storing  of  bar  iron,  and  for  the 
sorting,  weighing,  and  storage  of  manufactured 
goods.  Some  of  these  masters  employ  numerous 
receivers  who  work  exclusively  for  them.  The 
hands,  it  is  stated,  have  many  difficulties  which 
oblige  them  to  work  irregularly,  as  they  are  com- 
pelled to  wait  for  orders  and  bundled  iron ;  and 
even  when  these  are  obtained  they  are  at  the  mercy 
of  the  carriers  of  the  district.  As  a  rule,  four 
days'  work  is  considered  a  full  week;  and  from 
the  above  causes  the  hands  are  obliged  to  work 
overtime,  frequently  beginning  at  six  in  the  mor- 
ning and  going  on  until  ten  in  the  evening.  This 
is  naturally  very  severe  labor  for  the  children  who 
blow  the  bellows,  and  who  are  obliged  to  work  the 
same  hours  as  the  elder  employes.  In  consequence 
of  this  it  is  mentioned  that  the  great  majority  of 
the  children  are  stunted  and  delicate,  their  faces 
appearing  to  be  considerably  more  ancient  than 
their  years  warrant.  One  of  the  great  evils  to  the 
regular  workers  in  the  business  is  that  nearly  the 
whole  of  the  inhabitants  of  the  district  are  brought 
up  to  the  trade,  even  if  they  do  not  follow  it  as  a 
livelihood ;  and,  if  a  stagnation  occurs  in  their 
regular  occupation,  they  resort  to  nailmaking, 
thus  injuring  those  who  work  at  the  business  con- 
stantly. The  hou^s  of  labor  are  not  fixed :  the 
hands  leave  and  commence  work  when  they  think 
proper,  often  breaking  off  in  the  middle  of  the  day 
and  recommencing  when  ordinary  people  are  going 
to  bed. — Iron. 

The  Iron  Trade  in  France. — The  condition 
of  the  markets  exhibits  no  improvement,  and 
trade  is  almost  as  dull  as  possible ;  the  fall  in 
prices  caused  no  demand.  Present  rates  are  simply 
maintained  because  no  one  knows  what  to  do;  the 
only  point  on  which  all  seem  to  agree  is  that  the 
next  real  quotations  must  exhibit  a  serious  fall ; 
it  would  not,  however,  be  wise  to  calculate  too 
surely  upon  this. 

In  spite,  however,  of  the  present  state  and  esti- 
mated prospects  of  the  trade,  we  hear  of  new 
establishments  almost  daily,  but  those  which  were 
commenced  in  better  times  are  being  completed 


very  leisurely.  The  grand  desideratum  is,  of 
course,  a  fall  in  the  price  of  coal,  but  as  is  well 
said  by  an  industrial  writer  in  Paris,  so  long  as 
France  depends  in  a  great  measure  upon  foreign 
supplies,  she  must  follow  their  steps,  and  cannot 
take  the  initiative.  On  the  other  hand  coal  is  more 
than  usually  abundant  in  Paris  just  now,  but  that 
is  simply  caused  by  the  absence  of  demand  else- 
where. Many  of  the  new  constructions  are  the 
result  of  improvements  and  extensions  of  old 
works,  to  be  paid  for  out  of  the  profits  of  the  two 
psst  years.  This  is  wise  policy,  and  "  if,"  says  the 
"Moniteur  des  Interests  Materiels,"  "all  who  had 
made  great  gains  had  employed  a  portion  of  their 
profits  in  introducing  into  their  works  those  im- 
portant, almost  radical,  improvements  which  have 
transformed  the  iron  trade  during  the  past  three 
years,  they  would  have  been  better  prepared  to 
support  the  present  reaction." 

The  new  blast  furnace  established  by  MM.  Des- 
forges  et  Cie.  at  Marnaval,  Saint  Dizier,  is  now  in 
full  work  ;  their  works  are  on  the  plan  of  the  new 
English  establishments. 

The  Denain  Company  has  commenced  the  con- 
struction of  its  steel  works,  the  estimate  for  which 
is  said  to  be  between  three  and  four  millions  of 
francs ;  the  works  will  not,  however,  be  completed 
till  about  the  middle  of  next  year.  The  company 
is  said  to  have  two  millions  of  orders  in  hand,  the 
Northern  Railway  being  largely  interested  in  the 
concern  in  order  to  insure  its  supply  of  rails. 

In  connection  with  this  subject  it  may  be  well 
to  mention  that  the  Assembly  has  nominated  a 
Commission  of  fifteen  deputies  to  inquire  into  the 
state  of  the  coal  trade  in  France,  and  if  possible, 
to  find  means  to  bring  the  production  to  a  level 
with  the  consumption,  and  at  the  same  time  to 
calm  the  excitement  caused  by  the  present  state  of 
things ;  a  committee  appointed  to  consider  the  pro- 
posal were  decidedly  unanimous  in  its  favor,  on 
the  ground  that  the  same  motives  had  induced 
England  to  institute  a  like  inquiry. 

The  price  of  coal  in  Paris  is  maintained ;  the 
Assistance  Publique  invited  tenders  the  other  day, 
when  the  demands  varied  from  26  f.  to  38  f.  per 
ton ;  the  offers  were  not  accepted.  As  to  iron,  the 
last  quotations  are:  Merchant  iron,  first  class, 
325  f.  to  330  f.,  with  a  difference  of  20  f.  per  class  ; 
flooring  iron,  335  f.  to  340  f.;  plate  for  construction, 
440  f.  to  450  f.;  pipes,  280 f.;  columns.  240 f.; 
gutter  pipes,  335  f.;  balcony  castings,  4501  to 
480  f.  per  ton.  Old  iron  finds  no  market  at  present 
prices.  Orders  are  scarce  in  the  construction 
shops. — Iron. 

American  v.  English  Hardware,  Tools, 
etc., — Advices  lately  to  hand  from  New 
York  respecting  the  wonderful  development  of  the 
iron  and  hardware  industries  of  the  United  States 
are  exciting  serious  apprehensions  in  Birmingham 
and  its  neighborhood.  The  accuracy  of  these  ad- 
vices is  to  some  extent  confirmed  by  the  serious 
diminution  of  orders  for  certain  classes  of  hard- 
ware, the  manufacturers  of  which  have  hitherto 
found  in  the  American  market  their  principal 
customers.  Nor  does  it  appear  that  our  rivals  in 
the  States  are  content  with  satisfying  the  require- 
ments of  their  own  market,  for  their  productions 
are  already  supplanting  English  goods  in  Canada, 
and  to  some  extent  in  Australia  and  New 
Zealand.     A  correspondent  of  the  "  Birmingham 
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Post,"  writing  from  New  York  on  the  5th  June, 
says  :  "  It  is  a  common  boast  that  in  a  very  short 
time  the  superiority  of  Yankee  skill  and  ingenuity 
will  force  a  market  in  England  itself  for  many 
articles  of  American  hardware ;  that  Yankee 
cutlery  will  appear  on  English  dinner  tables,  and 
Yankee  saws,  augers,  and  chisels  be  preferred  by 
the  carpenters  of  Birmingham  and  Sheffield." 
These  statements  are  to  some  extent  corrob- 
orated by  the  advices  now  being  received  by 
the  merchants  in  Birmingham  and  Wolverhamp- 
ton. There  can  be  no  doubt,  as  the  "Times"  re- 
marks, that  the  American  manufacturers  have 
turned  to  profitable' account  the  recent  course  of 
events  in  the  English  labor  market.  For  some 
years  the  American  manufacturers  have  had  to 
contend  with  the  disadvantage  of  dear  labor;  but 
this  very  circumstance  has  in  the  long  run  proved 
of  benefit  to  them,  seeinsr  that  it  has  enforced  the 
application  of  labor-saving  machinery  on  a  much 
larger  scale  than  has  been  attempted  in  this 
country.  The  superiority  of  American  fine  iron 
castings  has  long  been  acknowledged,  and  in  the 
earlier  years  of  hardware  manufacture  in  the 
States,  the  clearness  of  labor  was  largely  compen- 
sated for  by  the  substitution  of  cast  for  wrought- 
iron  in  almost  all  kinds  of  produce.  This  advan- 
tage was,  however,  obtained  at  the  expense  of  the 
quality  of  the  goods  for  strength  and  endurance, 
and  the  necessity  of  increased  mechanical  ap- 
pliances for  the  saving  of  hand  labor  became  ap- 
parent some  years  since  to  the  leading  manufactu- 
rers of  the  States.  The  wonderful  system  of  labor- 
saving  machinery  now  existing  is  the  result. 
Railway  fastenings,  door-locks,  spring-bars,  curry- 
combs, tin  wares,  and  some  descriptions  of  edge- 
tools  are  among  the  classes  of  produce  in  which 
American  competition  is  beginning  to  be  seriously 
felt  in  Birmingham  and  the  South  Staffordshire 
district.  Last  year's  produce  of  iron  rails  in  the 
States  was  nearly  1,000,000  tons,  of  which  Penn- 
sylvania alone  yielded  nearly  one-half.  Other 
descriptions  of  finished  iron  are  also  being  pro- 
duced in  large  and  rapidly-increasing  quantities, 
and  at  the  present  rate  of  progress  the  shipment 
of  iron  from  England  across  the  Atlantic  will 
soon  be  a  thing  of  the  past. 


RAILWAY  NOTES. 

PENNSYLVANIA  RAILWAYS. —  STATISTICS  FOR 
1872. — There  are  117  railways  operated  in 
this  State.  The  total  capital  stock  paid  in  is 
$439,864,345.82  ;  the  funded  debt  $325,413,597.66. 
The  length  of  the  main  lines  is  4,179  miles  There 
are  1,618  miles  of  double  track,  and  1,784  miles  of 
siding.  The  total  cost  of  roads  and  equipments 
was  $524,395,133.41.  There  are  3,720  engines, 
1,538  first-class  passenger,  250  second-class,  and 
734  baggage  and  mail  cars.  The  freight  cars 
number  58,630,  and  the  coal,  ore,  stone  and  tank, 
64,628.  The  bridges  number  2,623,  of  which  481 
are  iron,  1,774  wood,  and  368  stone.  Depots  or 
stations,  1,890;  tunnels,  51;  engine  houses  and 
shops,  483.  Length  in  miles  laid  with  steel  rails, 
1 ,434.  Value  of  real  estate  exclusive  of  roadway, 
$23,257,832. 

The  gross  tonnage  for  '72,  was  75,687,726,  of 
which  17,327.120  was  through  freight.  Passen- 
gers carried,  35,170,294.    Miles  run — by  passenger 


tiains,  24,512,000;  by  freight  trains,  58,391.026; 
by  coal  trains,  11,070,813.  The  tonnage  car- 
ried embraced:  Anthracite  coal,  29,577,404  tons; 
bituminous,  12,670,406 ;  petroleum  and  other 
oils,  2,768,638;  pig  iron,  1,634,691;  railroad 
iron,  785,286;  castings,  etc.,  941,611;  iron  r.nd 
other  ores,  3,899,558;  lime,  stone,  slate,  etc.,  885,- 
765 ;  agricultural  products,  5.258,299 ;  merchan- 
dise and  manufactures,  5,335,294;  live  stock, 
2,282,486;  lumber,  3,213,911,  and  other  articles 
4,909,857  tons. 

The  total  expenses  of  maintaining  and  operat- 
ing, repairing  machinery,  etc.,  were  $86,2  5,91)0. 
The  receipts  were :  passengers,  $32,745,905.72 ; 
freight,  $88,977,894.98  ;  mail  and  express,  $5,-  , 
013,378;  use  of  cars,  $1,646,446  49  ;  miscellaneous, 
$6, '  34,223.66— total  $1 34,81 8,848.92. 

The  number  of  persons  killed  was  :  Passengers, 
33 ;  employe's,  254 ;  others,  285 — total,  572 .  In- 
jured :  Passengers,  160;  employe's,  615;  others, 
213— total,  988. 

The  capital  stock  paid  in,  up  to  1872,  aggregat- 
ed $439,864,345.82.  The  funded  and  floating 
debt  is  $342,076,170.75. 

Comparative  statement  of  passengers  carried  for 
four  years  on  roads  into  Pittsburg: 


1869. 

1870. 

1871. 

1872. 

Allesh  ny  Val. 

433,387 

507,157 

578,084 

779  959 

265,985 

Pennsylvania. 
P.,  c.'&S.  L.. 
P.  and  Conn. . 
P ,  F.  W.  &  C. 
P.,  Va.  &  C     . 

4,229.363 
421 ;  01 6 
462,124 

2,727,633 

4,352,769 
437,268 
531,011 

1,916,129 

4,699,985 
540  516 
700,423 

1,969,867 

5,250,393 
611,201 
781,994 

2,106,251 
4,000 

Comparative   statement   of    tonnage   for    three 
years  : 


1870. 

1871. 

1872. 

Allesrhenv  Vallcv. . . . 
Erie  A:  Pittsburg  ... 

Pennsylvania      

P.. Chi.  &  St.  I>  .... 

Pittsburg  &  Conn 

P.,  Ft.  W.  &  C 

Pittsburg  &  Ch'n 

855,556 

"5,427,463 

913.906 

580.074 

1,740,584 

1,008,798 

6,575*843 

1,236,803 

717.299 

2.047,114 

1,320.289 
1,141,437 
7,844,779 
1,429,115 
980,780 
2.408.162 
22,39-2 

A  Proposed  Narrow  Gauge. — We  condense 
from  the  Buffalo  "  Commercial :"  "  The  enter- 
prising village  of  Springville  has  long  been 
anxious  te  secure  direct  railroad  communication 
with  Buffalo.  When  the  B.  &  Wash,  railroad  was 
projected  efforts  were  made  to  induce  that  line  to 
connect  with  S.,  but  that  village  was  found  to  be 
too  far  out  of  the  direct  course  to  make  the  de- 
tour desirable.  And  when  the  B.  &  Jamestown 
railroad  project  occupied  attention,  S.  made 
another  desperate  effort,  in  vain.  Now  the  people 
of  Maumee  and  Miami,  O.,  are  in  nearly  the  same 
situation.  They  have  been  trying  for  years  to 
secure  railroad  communication  with  Toledo. 
They  now  propose  a  narrow-gauge  railroad  to  be 
operated  with  dummy  engines — resembling  more 
a  strong  substantial  street  railroad  than  a  regular 
railroad.     A  frame-work  of  wood  is  to    be  con- 
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structed  and  heavy  strap-iron  rails  laid  on  the 
stringers.  The  scheme  is  so  satisfactory  to  the 
business  men  of  Toledo  that  $25,1 00  were  sub- 
scribed the  first  day.  It  looks  as  though  this 
kind  of  railroad  might  satisfy  all  the  conditions  of 
the  B.  &  Springville  scheme.  It  would  not  cost 
inuch  more  than  a  good  plank  road,  and  for 
several  years  would  do  all  the  business  offering  ; 
locomotives  and  cars  would  be  comparatively  inex- 
pensive, while  trains  could  be  run  at  fair  speed. 
But  the  best  features  is  that  it  will  prepare  the 
way  for  a  first-classs  narrow-gauge  railway.  The 
line  should  be  located  with  as  much  care  as 
though  a  regular  T  iron  and  heavy  tie  track  was 
to  be  laid;  then,  as  it  needed  repairing,  the  heavy 
rails  and  ties  could  take  the  place  of  the  frame- 
work and  strap-iron  rails.  After  the  entire  track 
had  been  relaid  the  light  rolling  stock  could  be  re- 
placed by  the  improved  narrow-gauge  locomotives 
and  cars. 

'Tite  Direction  of  the  Government  Railroads  of 
J  the  Netherlands  has  published  the  results  of 
some  experiments  in  regard  to  the  preservation 
of  sheet  iron  used  in  railroad  bridges.  From 
thirty-two  sheets  half  were  cleaned  by  immersion 
for  twenty-four  hours  in  diluted  hydrochloric 
acid ;  they  were  then  neutralized  with  milk  of 
lime,  washed  with  hot  water,  and  while  warm 
dried  and  rubbed  with  oil.  The  other  half  was 
only  cleaned  mechanically  by  scratching  and 
brushing.  Four  of  each  kind  were  then  equally 
painted  with  red  lead,  and  with  two  kinds  of  a 
red  paint  of  oxide  of  iron,  and  with  coal  tar.  The 
plates  were  then  exposed  to  the  weather;  and 
examined  after  three  years.  The  result  was:  (1) 
That  the  red  lead  had  kept  perfectly  on  both  Mnds 
of  plates,  so  that  it  was  impossible  to  say  if  the 
chemical  cleansing  was  of  any  use.  (2)  That  one 
kind  of  iron  oxide  red  paint  gave  better  results  on 
the  chemically  treated  plate  than  on  the  other ; 
in  fact,  a  result  equal  to  that  of  the  plate  painted 
with  red  lead,  while  the  other  kind  of  iron  oxide 
red  gave  not  very  good  results  on  the  plates  when 
only  scratched  and  brushed.  (3)  That  the  coal 
tar  was  considerably  worse  than  the  paint,  and 
had  even  entirely  disappeared  from  those  iron 
sheets  which  had  not  been  treated  chemically,  but 
only  cleaned  by  brushing. 

THE  Glasgow  street  tramways  are  now  fast  ap- 
proaching completion.  The  extent  of  streets 
now  laid  is  ten  miles  and  three-quarters,  and 
from  six  to  seven  miles  of  the  lines  authorized 
have  yet  to  be  made,  a  portion  of  which  has  just 
been  commenced.  An  important  line  of  tramways 
between  Greenock  and  Gourock  has  been  opened 
within  the  past  few  days. 

A  suspension  railway  bridge  across  the  Missis- 
i\.  sippi  at  Carondelet,  six  miles  below  St.  Louis, 
is  now  proposed.  The  project  for  a  bridge  at  that 
point  is  not  a  new  one  ;  but  the  design  originally 
contemplated  a  truss  bridge  on  piers,  with  a  400- 
ft.  channel-span,  several  minor  spans,  and  a  200- 
ft.  draw  for  use  at  high  water.  This  plan  being 
deemed  detrimental  to  navigation,  the  act  was 
amended  so  as  to  require  a  rigid  truss  bridge  with 
a  space  of  500  ft.  The  Company  now  propose  a 
bridge  with  four  spans — two  600-ft.  channel  spans, 
and  two  3X)-ft.  shore  spans.    Instead  of  a  truss 


bridge,  resting  on  river  piers,  the  new  plan  pro- 
vides for  the  two  6  J0-ft.  channel-spans  upon  the 
suspension  principle,  and  the  two  shore  spans  upon 
the  truss  principle.  The  topography  is  highly  fa- 
vorable to  this  plan.  A  low  rocky  bluff  juts  into 
the  river  as  a  promontory,  half  a  mile  north  of  the 
Vulcan  Iron  VV  orks.  Not  only  does  the  bluff  af- 
ford foundation  for  the  western  abutments  and 
approaches,  but  the  bed  of  the  river  is  on  a  shelv- 
ing rock  gradually  deepening  towards  the  east. 
Here  also  the  river  is  contracted  to  its  narrowest 
breadth  in  that  locality. 


ENGINEERING  STRUCTURES. 

CONSTRUCTION,  ETC.,  ON  THE  CONTINENT. — 
'  Tenders  were  invited  to  be  sent  in  before  1 
o'clock  on  the  19th  of  July,  for  the  dredging, 
maintenance,  and  improvement  of  the  navigable 
channel  of  the  Marne  between  the  Dizy  Lock  and 
the  Department  of  the  Seine  and  Marne,  for  the 
three  years  1873-74-75.  The  estimated  cost  of 
the  work  is  24,000  francs  per  annum.  The  esti- 
mates and  all  particulars  to  be  obtained  at  the 
Prefecture  of  the  Seine,  at  the  Luxembourg,  4th 
division — 2d  bureau;  certificates  to  be  received 
and  signed  by  the  engineer-in-chief  of  the  works 
of  the  Marne,  eight  days  at  least  in  advance  of  the 
above  date. 

The  authorities  of  the  town  of  Bordeaux  an- 
nounce that  on  the  24th  of  July  they  will  adjudi- 
cate publicly  the  lightning  of  the  town  by  gas. 
Full  information  to  be  obtained  of  the  secretary  at 
the  Mairie. 

The  concession  of  the  local  line  of  railway  from 
Periers  to  Carentan,  Manche,  is  announced  for  ad- 
judication on  the  30th  of  July  The  maximum 
subvention  is  fixed  at  27  500  francs  per  kilometre. 
Apply  at  the  Prefecture  of  the  Manche,  at  Saint 
Lo. 

The  provincial  government  of  Mons,  Belgium, 
will  shortly  accept  tenders  for  the  construction  of 
a  line  of  railway  from  Blaton  to  Ath,  ballasting  and 
permanent  way  not  included ;  estimate,  660,100 
francs,  and  deposit  fixed  at  35,000  francs. 

Amongst  coming  works  may  be  mentioned  the 
new  line  of  railway  proposed  by  the  Lyons  and 
Mediterranean  Company,  from  Nimes  to  Teil. 
This  line  is  proposed  to  pass  by  Saint  Gervasy, 
Besonce,  Remoulins,  Aramon,  Villeneuve,  Laudun, 
Bagnols,  and  Pont-Saint-Esprit,  and  its  length  is 
118  kilometres;  a  branch  is  to  be  formed  to  Uzes, 
16  kilometres  in  length,  which  will  pass  over  the 
valley  of  the  Alzon  on  a  viaduct  45  metres  high. 

Plans  for  the  embankment  of  the  left  bank  of  the 
Gironde,  between  Goulee  and  Verdon,  proposed  by 
M.  Tessier,  are  now  on  public  view  at  the  Mairie 
of  Lespare. 

A  project,  presented  by  the  Orleans  Railway 
Company,  is  now  under  official  inquiry  for  five 
local  lines  in  the  department  of  La  Sarthe ;  and 
another,  by  MM.  Benoist  and  Seguin,  for  an  ap- 
parently competing  line. 

The  cantons  «of  Switzerland  are  convened  to 
examine  a  project  of  M.  Saint  L?ger  &  Co.  for 
concession  of  a  line  of  railway  from  Bulle  to 
Toune,  Wimmis,  following  the  right  bank  of  the 
Sarine,  by  Grandvillard  and  Lessoc,  crossing  the 
Sarine  at  Tine,  and  recrossing  it  at  Moulins.  The 
concession   of  the   proposed   line  from   Toune  to 
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Konolfingen,  to  be  eventually  continued  to  Dies- 
bach  and  foesin,  is  to  be  submitted  to  the  federal 
council  in  the  ccming  session. 

The  Belgian  Government  is  intent  upon  the 
completion  of  its  public  works ;  the  amount  set 
down  in  the  budget  for  the  extension  and  com- 
pletion of  railways  for  the  coming  years  is  23 
millions  of  francs. 

The  minister  argued  that  tramways  should  be 
made,  as  feeders  of  the  railways,  and,  above  all, 
the  formation  of  narrow  ways  in  localities  where 
railwavs  could  onlv  be  established  at  great  cost. 
On  the  24th  of  June  the  Chamber  voted  130,000 
francs  for  the  lighting  of  the  Scheldt;  3  millions 
for  improving  the  connections  of  roads  and  rail- 
ways, for  which  the  minister  only  asked  half  a 
million  ;  800,000  francs  for  the  improvement  of  the 
river  Yser;  5  millions,  instead  of  two  asked  for  by 
the  minister,  for  the  enlarging  and  deepening  of  the 
Ghent  and  Terneuzen  Canal;  and,  two  days  later, 
20  millions  were  voted  for  the  maintenance  and 
furnishing  of  common  schools. 

A  more  important  work,  in  a  commercial  point 
of  view,  perhaps,  than  any  of  those  above  named, 
is  almost  sure  to  be  put  up  to  public  competition 
shortly ;  the  great  canal  of  Saint-Louis,  on  which 
more  than  twenty  millions  of  francs  have  been  ex- 
pended, is  at  present  almost  unused  for  want  of  a 
railway  from  Saint-Louis  to  Aries,  uniting  the 
canal  with  the  Mediterranean  lines,  and  a  system 
of  quays  on  the  Rhone,  between  the  basin  of  the 
canal  and  the  river,  to  allow  of  transhipment. 
For  years  the  Imperial  Government  was  memo- 
rialized and  petitioned  without  effect  on  this 
subject;  but  the  other  day  a  number  of  the 
deputies  of  the  Rhone,  the  Ain,  the  Loire,  and  the 
Gard,  obtained  the  absolute  promise  of  the  Minis- 
ter of  Public  Works  that  the  works  should  no 
longer  be  put  off. 

THROUGH    THE    ROCKY    MOUNTAINS. — The  tun- 

J  nel  will  be  about  twelve  miles  long.  Its 
greatest  depth  will  be  6,000  ft.  at  James'  Peak. 
It  will  make  Middle  Park  readily  accessible  from 
the  eastern  portion  of  the  Territory  :  will  show 
what  is  the  mineral  and  geological  character  of 
this  section,  and  will  extensively  advertise  the 
country  as  the  scene  of  an  enterprise  twice  as 
large  and  a  hundred  times  as  important  as  the 
Mont  Cenis  tunnel.  Colonel  Heaton  will  use 
the  diamond-pointed  drills,  and  thus  not  be 
obliged  to  keep  in  operation  numerous  black- 
smith shops.  They  will  be  driven  by  machinery. 
And  it  is  expected  that  the  tunnel  will  progress 
at  the  rate  of  5  ft.  per  hour,  or  60  ft.  per  day. 
Eaiiv  next  year,  work  will  commence  from 
Middle  Park. 

Already  considerable  work  has  been  done.  The 
mountain  has  been  graded  down  for  the  face  of 
the  tunnel;  a  flume,  l,3u0  ft.  long,  has  been  built 
from  the  creek,  by  which  a  fall  of  25  ft.  is  ob- 
tained for  the  piirpose  of  turning  an  over-shot 
wheel,  by  means  of  which  the  tunnel  is  to  be 
supplied  with  air ;  a  strong  levee  has  been  built 
to  prevent  the  water  of  the  creek  from  overflow- 
ing and  embarrassing  operations  in  the  tunnel ; 
a  large  boarding-house,  60x25  ft.,  and  two  stories 
high,  has  been  built ;  a  substantial  bridge  has 
also  been  built  over  the  creek  on  the  road  leading 
to  the  Lake  Gulch  country. 

The  objects  of  the  tunnel  are  to  afford  a  means  of 


working  the  discovered  mines  rapidly  and  cheaply, 
to  discover  and  open  new  veins,  and  to  afford  a 
track  for  a  railway.  It  will  strike  the  Bobtail 
first  of  known  mines,  and  400  ft.  below  the  pres- 
ent tunnel. 

The  effects  of  the  success  of  this  enterprise  can 
hardly  be  estimated.  It  may  cause  to  pass 
through  our  section,  and  under  our  mountains,  ail, 
or  nearly  all,  the  transcontinental  travel. 

The  company  by  name  the  Sierra  Madre 
Tunnel  Company,  of  Colorado,  have  ample  capi- 
tal, and  will  push  the  project  rapidly  to  comple- 
tion. Though  the  enterprise  is  of  such  magnitude 
as  to  daze  the  imagination,  and  to  stagger  and 
bewilder  the  judgment,  yet,  if  the  mining  re- 
sources of  the  country  are  what  we  all  believe 
them  to  be,  it  is  not  chimerical,  and  is  sur«  to  be 
a  source  of  profit  to  the  company,  and  of  incal- 
culable benefit  to  the  Territory. 


OBMANCE  AND  NAVAL. 

The  New  8-Inch  Howitzer. — After  an  exten- 
1  sive  series  of  trials  at  Shoeburyness,  an  8-inch 
rifled  howitzer  of  46  cwt.  has  been  definitely  intro- 
duced into  the  siege  train.  Being  light  and  short, 
and  firing  a  small  charge  of  powder  (up  to  10  lbs.; 
behind  a  180-lbs.  shell,  it  depends  on  high  eleva- 
tion and  a  curved  trajectory  for  extensive  range. 
It  thus  combines  the  projjerty  of  the  howitzer  and 
of  the  mortar,  and  is  mounted  upon  a  special 
wrought-iron  carriage,  constructed  to  give  as 
much  as  40  deg.  elevation  to  the  piece;  5,1  00  yards 
range  has  been  obtained  with  this  high  elevation, 
and  with  considerable  accuracy.  Objectionable  as 
curved  fire  generally  is,  it  has  special  advantages 
in  siege  operations  for  breaching  sunken  or  un- 
seen parapets ;  while  at  close  quarters,  for  defen- 
sive purposes,  light  guns  capable  of  throwing  large 
shell,  or  heavy  case-sshot,  are  often  very  advan- 
tageous. But  it  is  an  indication  of  the  over-re- 
finement which  characterizes  our  unpractical  and 
would-be  scientific  artillerists,  that  the  lfeO-lbs. 
shells  for  this  8-iuch  howitzer  are  so  contrived  as 
to  be  useless  for  the  8-inch  gun,  though  the  shell 
is  of  precisely  the  same  weight  and  caiibre  as  that 
used  in  that  gun.  This  complication  of  ammuni- 
tion is  observable  also  in  the  two  lz-inch  guns,  the 
ammunition  of  which  is,  for  similar  reasons,  not 
interchangeable  either.  The  contents  of  the  180- 
lbs.  shell  for  the  8-inch  gun  is  14  lbs.  9  oz.  of 
powder,  while  that  of  the  howitzer  is  only  13  lbs. 
This  difference  can  hardly  arise  from  any  necessity 
of  providing  a  stronger  shell,  as  the  charge  employ- 
ed in  the  gun  is  35  lbs.,  and  that  in  the  howitzer 
only  10  lbs.  But  the  uninterchangeableness  of  the 
shell  is  caused  by  the  difference  in  the  rifling. 
Hardly  two  rifled  guns  out  of  the  twenty-five 
natures  in  the  British  service  have  their  grooves 
cut  at  the  same  angle.  Almost  every  imaginable 
angle  has  been  tried,  without  any  definite  rule 
having  been  discovered.  Hence  the  new  8-inch 
howitzer  has  a  uniform  angle  of  twist  throughout 
the  bore,  the  angle  of  spiral  on  the  shot  and  in  the 
barrel  corresponding  ;  but  the  8-inch  gun  is  rifled, 
with  an  angle  of  twist  increasing  from  nothing  at 
the  origin  of  the  grooves  to  one  turn  in  forty  cali- 
bres at  the  muzzle,  its  shell  being  consequently 
rifled  at  the  fixed  angle  of  one  turn  in  forty,  and 
its  barrel  at  an  ever-varying  angle.    If  an  increas- 
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ing  spiral  be  good  for  the  gun,  why  not  for  the 
howitzer  ?  This  unnecessary  variety  of  ammuni- 
tion is  a  very  serious  question  on  active  service, 
for  the  work  of  war  rarely  falls  equally  on  all  the 
guns  in  a  battery,  and  it  is  often  essential  to  take 
the  stores  of  the  unused  ordnance  to  supply  the 
fighting  guns.  Moreover,  with  two  kinds  of  ISO- 
lbs,  shell  for  8-inch  calibres,  with  differences  of 
rilling  hardly  appreciable  to  the  naked  eye,  there 
is  great  danger  lest  the  wrong  one  be  used,  and  a 
jam  consequently  take  place,  which,  if  it  occurred 
in  loading,  would  place  the  piece  hors  de  combat, 
and,  if  in  firing,  would  spread  death  and  destruc- 
tion throughout  the  battery.  The  complications 
arising  from  the  needless  multiplication  of  calibres 
is  bad  enough,  but  that  each  calibre  should  have 
several  varieties  of  rifling  is  monstrous.  These 
objections  were  so  strongly  felt  in  the  smooth  bore 
period,  that  the  varieties  were,  for  ships  of  war, 
brought  down  to  two  kinds;  thus  the  same  32- 
pounder  shot  or  shell  fitted  any  of  the  eight  na- 
tures of  32-pounder  gun  from  13  cwt.  up  to  58 
cwt.,  and  the  same  8-inch  shot  or  shell  fitted  any 
of  the  five  natures  of  8-inch  gun  from  25  cwt.  up 
to  95  cwt.,  and  these  were  the  only  two  calibres  of 
projectiles  used  in  a  ship  of  131  guns,  whatever 
the  weights  of  the  several  pieces.  But  we  are 
getting  so  theoretical  without  science,  and  so  clever 
without  learning,  and  so  smart  without  experience, 
and  so  soldierlike  without  practice,  that  all  old 
rules  are  thrown  to  the  winds,  and  chopping  and 
changing,  according  to  the  rule  of  thumb,  is  the 
order  of  the  day.  The  new  8-inch  howitzer  fol- 
lows this  rule,  both  as  to  its  uniform  rifling  and  as 
to  its  studded  ammunition. 

The  Fish  Torpedo.— The  new  English  sub- 
marine rocket,  commonly  known  as  "  The 
Fish  Torpedo,"  has  been  privately  tried  in  the 
canal  at  the  Royal  Arsenal,  in  the  presence  of 
several  officers  of  the  Royal  Laboratory,  and  the 
result  is  said  to  have  been  satisfactory  ;  but,  as 
great  care  was  taken  that  only  authorized  officials 
should  witness  the  experiments,  nothing  definite 
is  known  upon  this  point.  The  torpedo,  when 
full-rigged  with  the  explosive  chamber  at  its  head, 
and  the  propelling  screw  and  steering  apparatus 
at  its  tail,  is  20  ft.  long ;  the  iron  fish-shaped  body, 
which  forms  the  middle  portion,  being  merely  the 
vessel  which  carries  the  motive  power,  an  atmos- 
pheric engine  working  by  compressed  air  with 
a  pressure  of  1,000  lbs.  on  the  square  inch.  This 
is  the  first  of  these  torpedoes  made  in  England, 
but  it  is  understood  that  a  similar  system  has 
been  tried  in  Austria  with  great  success.  Certain 
improvements  have  been  made  in  the  design  at  the 
laboratory,  which  are  expected  to  prove  highly 
advantageous.  The  explosive  charge  will  be  i(5U 
lbs.  of  gun  cotton,  fired  by  percussion  on  strik- 
ing a  ship  or  any  other  obstacle ;  but  in  the  ex- 
periments made  at  "Woolwich  the  charge  was  dis- 
pensed with.  About  3'J  of  these  marine  monsters 
are  in  course  of  manufacture  at  the  arsenal. 

Dusstan    Ordnance. — Weight    for  weight,    it 

At  would  appear  that  Russian  heavy  ordnance  is 
more  powerful  than  the  English.  The  Russian 
k5l-ton  gun  of  11  in.  calibre,  throws  a  550  lbs. 
shot  or  431  lbs.  shell,  with  914  lbs.  of  powder; 
whereas  the  similar  English  gun  throws  a  530  lbs. 
shot,  or  402  lbs.  shell,  with  85   lbs.  of  powder. 


We  have  also  a  gun  of  the  same  weight,  but  of  12 
in.  calibre,  which  ought  therefore  to  consume 
mueh  larger  charges.  As  a  matter  of  fact  it  does 
not  do  so,  and  therefore  throws  its  COO  lbs.  shot 
with  15  ft.  less  initial  velocity  than  that  from  the 
11  in.  calibre.  If  it  could  endure  the  same 
charges  as  other  guns  of  12  in.  calibre,  it  would  be 
far  more  effective  than  its  11  in.  brother  of  the 
same  weight. 

The  Russian  8  in.  8f  ton  gun  may  be  compared 
with  the  Woolwich  8  in.  9  ton  gun.  The  former 
throws  195  lbs.  shot  or  shell  with  31  £  lbs.  powder ; 
the  latter,  the  heavier  piece,  throws  180  lbs.  shot 
and  shell,  with  35  lbs.  powder. 

The  Russian  7\  ton  gun  is  of  8  in.  calibre, 
whereas  ours  is  of  7  in.,  but  the  Russians  throw 
195  lbs.  shot  or  shell,  as  against  our  115  lbs.  shot, 
with  25  lbs.  of  powder,  as  against  our  30  lbs. 
charges. 

The  Russian  3f  ton  gun  may  be  compared  with 
our  3j  and  3^  ton  64  pounders.  The  former  are 
of  6.03  in.  calibre,  ours  of  6.3  in.  The  Russian 
2-un  throws  a  96  lbs.  shot  or  93  lbs.  shell,  with  1 6 
lbs.  and  19  lbs.  charges ;  whereas  the  Woolwich 
gun  throws  only  a  64  lbs.  shell  with  8  and  6  lbs. 
R.  L.  G.  powder.  Even  the  4f  ton  Woolwich  gun 
is  less  powerful  than  the  Russian  3 J  ton  gun, 
throwing  only  an  80  lbs.  shell,  as  against  the  Rus- 
sian shell  of  93  lbs. 

Besides  these  weapons,  which,  being  of  the  same 
weight,  can  be  fairly  compared,  the  Russians  have 
a  7^  ton  gun  of  8£  in.  calibre,  but  without  any 
increase  of  charge,  the  shot  being  5f  lbs.  heavier 
than  that  of  the  8  in,  gun  of  similar  weight. 
This  calibre  seems  too  great  for  the  metal. 

Their  9  in.  gun  of  14^  tons  throws  a  300  lbs. 
shot  or  shell  with  52  lbs.  charge,  and  bears, 
therefore,  weight  for  weight,  a  fair  proportion 
to  the  Woolwich  9  in.  gun  of  12i  tons  weight, 
which  throws  a  250  lbs.  shot  or  shell  with  50 
lbs.  powder  charge.  The  Whitworth  trial  9  in. 
gun  was  of  14j  tons  weight,  and  threw  a  310  lbs. 
shot  with  50  lbs.  of  powder. 

As  the  Russian  velocities  are  higher  than  ours 
with  similar  charges,  it  would  appear  that  the 
battering  power  of  their  heavy  ordnance,  weight 
for  weight,  is  much  superior  to  that  of  Wool- 
wich rifled  guns. 

pEEMAN  Artillery. — TnE  Germans  are  evi- 
VT  dently  not  inclined  to  rest  on  their  laurels,  but 
are  busy  improving  every  branch  of  their  arm}r, 
making  experiments  and  trials  constantly  with 
new  small  arms,  new  guns,  and  new  powders. 

It  is,  of  course,  very  difficult  to  ascertain  what 
is  going  on  in  the  midst  of  secret  military  com- 
missions, but  some  few  facts  are  known,  and  many 
more  assertions  are  afloat.  Thus,  it  appears  cer- 
tain that  a  complete  separation  of  the  siege  artil- 
lery and  the  field  artillery  will  be  carried  out  at 
once,  and, this  while  the  mounted  artillery,  which 
was  found  only  useful  when  attached  to  divisions 
of  cavalry,  will  be  reduced,  and  the  foot  artillery 
largely  increased  and  formed  into  regiments ; 
these  points  seem  to  be  absolutely  determined  or. 
With  respect  to  guns,  nothing  seems  to  be  known 
yet,  but  it  is  believed  that  the  proposed  introduc- 
tion of  bronze  guns  will  be  rejected  in  favor  of 
Krupp's  new  cast-steel  fours  and  sixes. 

The  Shrapnel  shell  may  be  said  not  only  to 
have  deen  adopted,  but  to  have  thoroughly  estab- 
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lished  itself  during  the  late  war,  when  it  was  but 
partially  used  by  the  field  artillery.  Its  effects 
were  found,  however,  to  be  so  decided  at  the  siege 
of  Strasbourg,  and  in  January,  at  the  siege  of  Paris, 
that  the  whole  of  the  field  as  well  as  the  siege 
artillery  is  to  be  supplied  with  them,  probably 
to  the  exclusion  of  canister  or  any  other  kind  of 
mitraille. 

With  respect  to  small  arns,  while  the  army  is 
being  supplied  as  rapidly  as  possible  with  rifles 
converted  on  the  Beck  principle,  experiments  are 
constantly  being  made  with  new  weapons,  amongst 
which  a  modification-  of  the  Manser  rifle  seems  to 
be  the  favorite. 

It  is  said,  with  what  amount  of  truth  does  not 
appear,  that  the  bayonet  will  be  laid  aside,  but  it 
would  be  rather  hazardous  to  accept  this  assertion 
as  a  positive  fact. 

The  whole  system  of  the  composition  of  the 
cavalry  is  being  overhauled,  and  important 
changes  are  talked  of,  such  as  the  forming  of  the 
great  majority  of  the  cavalry  in  divisions,  and 
placing  them  under  the  immediate  orders  of  the 
commander-in-chief. 

It  is  evident  that  the  German  Government  is 
not  inclined  to  let  past  experience  pass  without 
fructification. 


BOOK  NOTICES. 

Our  Naval  School  and  Naval  Officers. 
Translated  from  the  French  of  M.  de  Crise- 
noy.  By  Commander  Richd.  W.  Meade,  U.S.N. 
New  York:  D.  Van  Nostrand. 

Of  course  the  Navy  refered  to  in  the  above  title 
is  not  our  own,  but  the  French.  The  interest  and 
usefulness  of  this  little  essay  for  American  readers 
may  be  inferred  from  the  following  extract  from 
the  translator's  preface : 

"  It  occurs  to  me  that  our  Gallic  friends  have 
some  faults  and  peculiarities  in  their  system  of 
Naval  education  and  government  which  our  own 
service  shares  in  a  measure  with  them,  and  I  have 
reached  the  conclusion  that  if  '  done  into  English' 
and  published,  the  remarks  of  M.  de  Crisenoy  may 
impart  to  the  brows  of  my  professional  brethren 
in  authority  a  wrinkle  or  so,  to  the  ultimate  benefit 
of  our  Naval  Service." 

The  routine  of  exercises  of  the  French  Naval 
Cadet,  and  his  subsequent  duties  as  a  graduated 
officer,  are  sketched  with  a  caustic  but  doubtless 
accurate  pen,  referring  in  both  instances  to  the 
period  immediately  preceding  the  late  Franco- 
German  war. 

"Van  Nostrand's  Science  Series — Chimneys 
V    for    Furnaces,  Fire   Places  and  Steam 
Boilers.     By  R.  Armstrong  C.  E.  New  York  : 
D.  Van  Nostrand. 

As  this  valuable  little  treatise  has  recently  ap- 
peared in  the  pages  of  this  "  Magazine,"  no  special 
reference  to  its  merits  is  needed  now ;  but  the 
series  of  which  this  is  the  first  number  deserves 
an  introductory  notice.  Every  engineer  recog- 
nizes the  importance,  to  himself  at  least,  of  the 
possession  of  concise  treatises  on  such  practical 
subjects  as  relate  to  his  own  line  of  professional 
labor. 

The  time  necessary  to  sift  what  is  wanted  out 
of  extended  treatises  and  reduce  it  to  a  form  fitted 


for  use,  is  not  always  to  be  commended.  The 
table-books,  containing  results  and  formulas  only, 
are  regarded  with  distrust,  unless  there  has  been 
a  previous  acquaintance  with  the  methods  of  de- 
duction. A  concise  rationale  of  the  subject  alone 
satisfies  such  requirements  as  occur  at  times  to 
all  who  engage  in  the  pursuits  of  applied  science. 

Encyclopedia  articles  sometimes  fulfil  the  re- 
quired conditions  of  conciseness  and  accuracy,  but 
their  application  to  use  is  as  often  attended  with 
a  painful  distrust  as  to  whether  the  principles 
evolved  belong  to  the  last  century  or  the  present 
one. 

Again,  engineering  literature  is  receiving  con- 
stant additions ;  much  of  it  valuable,  most  of  it  in 
too  transient  a  form  to  be  widely  serviceable.  Yet 
the  valuable  working  formulas  of  the  future  are 
to  be  evolved  from  the  successful  operations  of 
to-day. 

Now,  to  present  the  best  modern  essays  on  ap- 
plied science  in  a  compact  form,  is  the  object  of 
this  new  "Science  Series."  The  second  of  the 
series  will  contain  the  valuable  paper  on  "  Boiler 
Explosions, '  and  the  third,  the  essay  on  "Retain- 
ing Walls,"  as  it  appears  in  the  present  number 
of  the  "  Magazine,"  with  some  supplementary 
notes  gathered  from  latter  essays. 

Deport  of  a  Topographical  Survey  of 
It  the  Adirondack  Wilderness  of  New 
York.  By  Verplanck  Colvln.  Albany :  Argus 
Co.     For  sale  by  Van  Nostrand. 

We  have  in  this  report  the  first  reliable  maps  of 
the  Adirondack  region.  Those  published  hereto- 
fore were  compiled  from  the  labors  of  the  Geologi- 
cal Survey,  and  consequently  from  very  scanty 
data.  The  triangulation  established  by  Mr.  Colvin 
accurately  located  the  mountains  and  lakes,  while 
a  long  series  of  barometric  observations  established 
their  heights.  The  results  of  the  latter  are  tabu- 
lated and  thus  given  quite  fully. 

A  new  interest  attaches  to  this  region  since  it 
was  proposed  to  make  it  a  public  park,  and  this 
report  will  in  consequence  be  widely  read. 

A  Practical  Manual  for  Chemical  Anal- 
ysis and  Assaying  for  Iron.  By  L.  L. 
De  Koninck  andE.  Dietz,  with  Notes  by  Rort. 
Mallet,  F.  R.  S.  London:  Chapman  &  Hail. 
For  sale  by  Van  Nostrand. 

The  metallurgy  of  iron  is  certainly  a  subject  of 
sufficient  importance  to  warrant  the  preparation 
of  a  treatise  upon  the  chemical  analysis  of  iron 
ores,  and  the  products  of  iron  manufacture. 

The  work  before  us  comprehends  the  instruction 
of  the  novice  in  analysis,  in  the  complete  manipu- 
lation of  the  laboratory  processes  so  far  as  iron 
and  its  more  frequent  associates  are  concerned. 

The  work  is  divided  into  parts  as  follows  : 

Part  First  contains  a  description  of  the  reagents 
to  be  employed,  and  tests  of  their  purity. 

Part  Second  gives  instruction  relative  to  the 
apparatus  belonging  to  the  laboratory. 

Part  Third  deals  with  the  method  of  volume- 
tric assaying. 

Part  Fouith  treats  of  the  assay  of  iron  ores 
and  slags  by  the  wet  method. 

Part  Fifth  gives  the  methods  of  treating  the 
same  substances  by  the  dry  method. 

Part  Sixth  treats  of  the  analysis  of  ira'leable 
iron,  cast  iron  and  steel. 


238 


VAN    NOSTRAND'S   ENGINEERING   MAGAZINE. 


Part  Seventh  is  devoted  to  the  examination  of 
fuels. 

An  outline  of  the  process  for  examining  zinc 
and  lead  ores,  is  added  as  a  proper  supplement  to 
the  preceding  chapters. 

Tiie  work  supposes  on  the  part  of  the  learner, 
such  a  knowledge  of  general  chemistry  a?  is  ob- 
tained in  the  average  collegiate  or  academic  course 
of  study.  It  is  clearly  an  instruction  book  pre- 
pared by  able  hands. 

I^LEMENTARY  PRINCIPLES  OP  CARPENTRY. 
J  Composed  from  the  work  of  T.  Tredgold, 
C.  E.  With  Additions,  etc.  And  A  Treatise  on 
Joinery.  By  Windham  Tarn,  M.  A.  Carpen- 
try and  Joinery  :  An  Atlas  of  Engravings  to  ac- 
company the  above.  4to.  Lockwood  &  Co.,  1873. 
Por  sale  by  Van  Nostrand. 

The  former  edition  of  Mr.  Tarn's  work  formed, 
as  is  well  known,  one  of  Weale's  "  Rudimentary 
Series,^  and  it  gave  a  brief  outline  of  the  carpen- 
try of  floors  and  roofs,  with  a  popular  account  of 
the  action  of  forces  in  the  various  pieces  composing 
a  truss.  The  new  work  retains  much  of  the  old 
one,  but  it  is  greatly  enlarged,  and  is,  in  the  main, 
an  abridgment  of  Tredgold's  folio  work  on  "  car- 
pentry," Of  course,  the  progressive  knowledge, 
through  experiment,  of  the  strength  of  materials, 
soon  renders  the  most  recent  information  obsolete ; 
and  accordingly  Mr.  Tarn  has  made  such  altera- 
tions, additions,  and  corrections,  as  modern  re- 
search demanded.  He  explains  the  mode  of  cal- 
culating the  strains  on  the  parts  of  a  truss  by 
geometrical  diagrams  ;  and  the  tables  of  scantlings 
lor  the  timbers  of  roofs  are  calculated  by  the 
help  of  this  process.  Joinery,  which  was  over- 
looked in  the  iormer  edition,  has  52  pages  allotted 
to  it  out  of  288  ;  and  forms  an  important  feature 
in  the  present  work,  the  various  technical  terms 
and  modes  of  operation  adopted  by  the  joiner 
being  explained  with  great  fulness  considering 
the  limited  space  at  the  author's  disposal.  The 
letter-press  is  illustrated  by  sixty-seven  excellent 
diagrams,  so  far  a  complete  treatise  in  itself ;  but 
references  are  also  made  to  the  Atlas  published,  as 
formerly,  in  a  separate  and  independent  volume  in 
large  quarto.  These  two  volumes  together  form  a 
complete  Treasury  of  Carpentry  and  Joinery,  and 
Mr.  Tarn  deserves  the  greatest  praise  for  his  skil- 
fully-chosen additions  and  improvements.  The 
small  volume,  at  least,  should  be  in  the  hands  of 
every  carpenter  and  joiner  in  the  Empire ;  and  the 
whole  should  be  accessible  to  all,  especially  to  ap- 
prentices. Having  little  faith  in  the  efforts  of  twad- 
dling philanthropists  in  the  matter  of  technical 
education,  we  have  a  certain  conviction  that  books 
of  this  sort,  issued  and  edited  by  able  and  expe- 
rienced men  and  published  at  a  wonderfully  low 
price,  will  repay  masters  a  thousandfold  in  taking 
pains  to  encourage  its  purchase  by  all  their  more 
intelligent  workmen. 


MISCELLANEOUS. 

Anglo-Australian  Telegraphy. — A  Select 
Committee  of  the  Legislative  Assembly  of  New 
South  Wales  has  recommended  the  Government  of 
that  colony  to  join  with  the  Governments  of  the 
other  Australian  colonies  in  offering,  if  need  be,  a 
snbsidy  to  the  telegraph  companies  interested  in 
the  existing  Analo- Australian  line  to  induce  them 


to  lower  their  rates.  The  committee,  influenced 
by  a  large  amount  of  evidence  brought  before  it, 
reported  in  favor  of  some  arrangement  for  getting 
telegrams  of  important  news  by  cable  to  be 
supplied  to  the  public  free.  A  message  of  100 
words  three  times  a  week  was  estimated  as  likely 
to  cost  Australia  <£10,0ii0  per  annum.  The  com- 
mittee further  advised  the  New  South  Wales 
Government  to  obtain  the  concurrence  of  the 
other  Australian  colonies  to  the  laying  an  alterna- 
tive cable  from  Normanton  to  Singapore. 

St.  John  Harbor. — It  appears  that  the  Govern- 
ment of  the  Dominion  of  Canada,  in  order  to 
have  exact  data  upon  which  to  act  in  regard  to  the 
construction  of  a  breakwater  at  the  entrance  to 
St.  John  Harbor,  has  commissioned  a  staff  of 
engineers  to  make  a  thorough  survey  and  report 
upon  the  expenditure  required  to  meet  the  wants 
of  the  port. 

Brazilian  Submarine  Telegraphy  — The 
Telegraph  Construction  and  Maintenance 
company  (Limited)  is  making  the  cable  of  the 
Brazilian  Transatlantic  Telegraph  Company.  Hoo- 
per's Telegraph  Works  have  on  hand  a  cable  to 
connect  Para  with  the  southern  frontier  of  Brazil, 
and  Para  with  St.  Thomas .  Messrs.  Siemens  have 
contracted  for  a  cable  to  be  laid  from  the  province 
of  Rio  Grande  do  Sul  to  the  River  Plate.  Each  of 
these  cables  when  made  will  be  in  the  hands  of  a 
separate  company.  The  expedition  of  the  Tele- 
graph Construction  and  Maintenance  Company 
(Limited)  to  lay  the  Madeira  section  of  the  Bra- 
zilian and  European  cable  is  expected  to  sail  at  the 
close  of  this  month. 

British  North  American  Coast  Survey. — 
The  English  Imperial  Government  has  given 
instructions  to  its  officers  in  charge  of  the  British 
North  American  Coast  Survey,  stationed  at  New- 
foundland, to  take  fresh  soundings  at  Port  Hood, 
Cape  Breton,  and  off  Crane  Island  in  the  St.  Law- 
rence. It  is  understood  that  the  waters  at  these 
places  have  shoaled  considerably  since  the  last 
survey. 

Quebec  Harbor. — A  revival  of  a  project  ma- 
tured some  25  years  since  by  Captain  Boxer 
for  the  improvement  of  Quebec  Harbor  is  recom- 
mended. Captain  Boxer  proposed  to  construct  one 
long  quay  along  the  river  front  to  deep  water,  with 
piers  stretching  out  into  the  water  20  ft.  in  length, 
at  intervals  of  every  6u0  ft.,  or  thereabouts. 

PENNSYLVANIA  Coal. — The  deliveries  of  Penn- 
sylvania anthracite  coal  thus  far  in  the  Penn- 
sylvania "  coal  year"  have  amounted  to  7,807,410 
tons,  against  7,703,508  tons  in  the  corresponding 
period  of  1871-2.  The  deliveries  of  Pennsylvania 
bituminous  coal  in  1872-3  were  8,778,003  tons, 
against  8,580,203  tons  in  the  corresponding  period 
ot  1871-2. 

South  American  Telegraphic  Progress. — 
Telegraphy  is  making  great  strides  in  South 
America.  It  is  expected  that  in  September, 
Valparaiso,  Santiago  de  Chili,  Buenos  Ay  res, 
Monte  Video,  Rio  de  Janeiro,  Bahia,  and  Per- 
nambuco,  will  be  linked  together  by  the  magic 
wires. 


VAN   NOSTRAND'S 

ECLECTIC 

ENGINEERING    MAGAZINE. 


No.  LVIII -OCTOBER,  1873.— Yol.  IX. 


PROPORTIONS  OF  PINS  USED  IN  BRIDGES. 
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A  portion  of  this  paper  without  the 
mathematical  deductions  was  presented  to 
the  American  Society  of  Civil  Engineers, 
February  19th,  1873. 

It  is  not  the  least  of  the  merits  of  skele- 
ton structures,  suc^  as  are  built  by  the  best 
American  constructors,  that  any  of  the  parts 
can  be  exactly  calculated.  The  determina- 
tion of  strains  acting  in  pins  is  not  excepted 
from  this  statement,  though  it  is  connected 
with  the  application  of  some  of  the  finer 
laws  of  the  theory  of  elasticity..* 

All  rules  referring  to  the  size  of  pins  can 
be  immediately  deduced  from  the  few 
physical  principles  on  which  the  theory  of 
elasticity  is  based,  and  without  new  experi- 
ments. On  the  contrary,  sound  practice 
would  have  further  advanced  and  mistakes 
been  avoided,  if,  at  least,  a  scientific  exami- 
nation of  the  subject  had  been  undertaken 
previous  to  experiment,  in  order  to  arrive 
at  a  distinct  opinion  about  what  confirma- 
tion by  test  wh8  required  of  the  theory  of 
elasticity.  There  are  three  questions  to  be 
examined  in  the  present  paper,  viz.  : 

1.  What  is  the  law  of  distribution  of  the 
pressure  caused  by  the  tie  bar  on  the  bear- 
ing surface  of  the  pin. 

2.  What  is  the  law  of  distribution  of  the 
shearing  strain  over  the  cross-section  of  the 
pin,  and 


♦The  article  is  arranged  si »  that  those  not  quite  familiar 
with  higher  analysis  can  omit  the  mathematical  deductions, 
printed  in  smaller  type. 
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3.  What  is  the  value  of  its  bending  mo- 
ment in  any  of  its  sections. 

The  solution  of  the  first  actually  includes 
also  that  of  the  third,  but  it  is  more  con- 
venient to  treat  the  two  separately. 

For  this  purpose,  consider  a  top  chord  pin 
of  a  truss  bridge,  represented  by  Fig.  1. 

The  originally  straight  pin  M  M  is  rest- 
ing on  bored  bearing  surfaces  N  N,  of  a  top 
chord  casting,  and  carries  two  flat  eye  bars 
of  the  width  "  b  "  and  the  thickness  "  t  " 
placed  outside  of  the  casting.  This  is  the 
arrangement  of  any  pinned  bottom  chord, 
or  the  chains  of  a  suspension  bridge,  where 
the  outermost  bars  produce  strains  analogous 
to  those  borne  by  the  parts  here  shown. 

Under  strain,  the  pin  M  M  will  be  press- 
ed in  to  the  bearings  N  N,  which  are  sup- 
posed to  be  of  a  length  B  C=l,  and  of  the 
depth  d.  Both  bearing  surfaces  E  F,  be- 
tween pin  and  bars,  will  be  compressed, 
and  a  greater  share  of  the  total  pressure 
absorbed  by  the  parts  of  the  pin  closest  to 
the  face  of  the  casting.  The  pressure  per 
square  unit  at  F  will  be  greater  than  at  E, 
and  likewise  the  pressure  at  B  than  at  C. 
The  pin  is  supposed  to  accurately  fit  into 
its  bearings,  and  (for  the  present)  friction 
between  the  cylindrical  bearing  surfaces  is 
disregarded. 

So  far  as  the  half  cylindrical  bearing  sur- 
face or  half  circle  of  any  cross  section  of  the 
pin  is  concerned,  the  pressure  will  not  be 
any  more  uniformly  distributed  than  is  the 
case  for  the  different  points  of  lines  E  F 
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and  B  C.  The  pressure  of  a  pin  with  play 
first  will  be  concentrated  at  a  point,  but 
under  the  load  a  set  will  take  place,  and 
the  pressure  be  more  uniformly  distributed 
over  the  diameter  r  r.  The  law  of  this 
distribution  is  very  complex,  and  will  not 
be  followed  up  here.     It  is  sufficient  for  the 

Fig 


present  to  consider  the  pressure  as  being 
uniformly  distributed  over  the  diameter  of 
the  pin, which, however,is  somewhat  less  than 
is  actually  the  case.  The  diameters  of  pins 
found  under  this  supposition  will  be  a  little 
too  wnall  /  reasons  will  be  given  for  as- 
suming this  basis  of  the  calculation. 


It  may  be  added  that  the  strain  per 
square  inch  will  not  only  decrease  in  a 
single  ratio  with  the  increase  of  the  pin, 
but  that  a  larger  pin  will  cause  a  more  un- 
form  distribution  of  the  pressure ;  the  im- 
jjortanee  of  the  least  'practicable  play  in  the 
pin  hole  is  evident. 

The  pressure  per  square  inch  is  in  direct  pro- 
portion to  the  amount  of  depression  ;  conse- 
quently the  problem  is  the  sanie  as  to  find  ihe 
curve  of  depression.  The  curve  itself  consists  of 
three  parts  ;  the  central  part  H  His  circular,  be- 
cause the  moment  of  flexure  of  H  and  H  is  of  a 
constant  value  ;  the  part  G  H,  which  differs  from 
H  H  as  well  as  from  M  G,  will  be  examined  first. 
Take  the  origin  of  the  co-ordinates  in  the  surface 
B  F,  in  the  original  centre  hue  of  the  pin,  which 
at  G  has  received  a  depression  Y  o— and  for  any 
subsequent  abscisses,  has  a  deflection  y. 

The  deflections  y,  are  decreasing  towards  H,  and 
consequently  the  first  differential  will  have  a  nega- 
tive value. 

The  cross  section  (Fig.  2)  of  the  pin,  represents 
how  the  deflection  y  is  composed  of  two  parts: 
one  due  to  the  compression  of  the  pin  itself,  the 
other  to  the  compression  of  the  bearing,  and  fit- 
ting to  each  other.  These  partial  depressions  are 
fl        A  o*  A  o* 

-— -  .  -TT-  and  d  .  — — ,  where  Ax  is  the  pressure  per 

square  inch,  and  E  and  E  are  the  moduli  of  ten- 
sile elasticity  of  the  material  of  which  respectively 
the  pin  and  bearing  are  composed. 


The  total  depression  consequently  will  be  : 
MM,  =  Op+pX=-.OX  =  (-!L-+4—)kz 

V  _  Hi  SLi,     -' 


"When  the  bearing  is  o  cast-iron  -—  can  be  as- 
eumed  to  be  about  =  — ,  so  that 
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Ajr 
E 


and  if 


(4+d, 


is  represented  by  Z. 

There  will  be  die  equation 

A  x    , 

y  =  -r  l 


.     Equation  I . 


(b.)  For  x  =  0  the  shearing  force  is  equal  to  P, 
so  that 

^Eljj^Qfor  x  =  0  =  p3E  i[a,  -  A, ,  -BL  ,]=  P 

andA1-A11-Bu=(-^-N|=Cl. 

(c  )  At  the  end  of  the  bearing  the  whole  pres- 
sure P  has  been  absorbed  by  the  bearing  casting, 
&o  that 


This  equation  also  holds  good  for  the  pin -end 
M  G.  where  L  bas  only  to  be  replaced  by  a,  proper 
part  of  the  length  of  the  bar. 

The  pressure  Ax  multiplied  by  the  width  of  the 
bearing,  represents  the  increment  of  the  shearing 
force,  taken  per  unit  of  the  abscissa  ;  it  therefore 
depends  simply  on  the  value  y,  and  varies  with 
the  abscissa  ;  the  law  of  the  curve  will  be  repre- 
sented by  an  unknown  function  of  y  and  X. 

The  fnndamental  law  of  any  flexure  of  a  beam  is 
expressed  by  the  equation 

EI.£|  =  M.'    .    .    .     II. 

d  xz 

which  expressed  in  words  is — the  product  of  the 
modulus  of  elasticity  E,  the  moment  of  inertia  I, 
of  the  section  of  the  beam  (here  a  pin),  and  the 
second  differential  coefficient  of  y  is  equal  to  the 
moment  of  exterior  forces  Mz  taken  at  the  point  of 
abscisses  considered. 

It  is  known  from  the  elementary  theory  of  elas- 
ticity that  the  first  differential  coefficient  of  Mz  is 
the  shearing  force  for  the  point  whose  abscissa  is 
x.  and  that  its  differential  coefficient  — the  second 
differential  coefficient  of  M*  is  the  increment  of 
the  shearing  strain. 

This  increment  can  be  derived  from  equation  I., 
E  d 
which  gives  kx  .  d  =y  .  — — ,   whence  by  taking 

the  second  cUfferenti  ».l  of  equation  II.,  there  is 
found 

^  _  d*  v       d*  M,  E  d 


[»&] 


for  x  =  I 


E  I  I  At  €Pl—Al  e-p.i  + 


d*  v         r  a  -\ 


III. 


which  integrated  will  give  the  equation  of  the  curve. 
This  is  a  lineal  differential  equation  of  the  fourth 
order,  and  when 

—  is  called  p4,  where  p  =     /  y-j- 

it  will  lead  to  the  general  formula  :  there  being 

e  =  2.7182818. 

y  =  Ai  e^-f-A,,  e~Pz+B1cosp  x4-Bn  skip  a.  IV. 

for  which  the  4  constants  must  be  determined  to 
suit  the  conditions  of  the  piece  G  H  of  the  pin. 

These  are  : 

('/. )  For  x  =  0  or  at  point  a  the  moment  of  flex- 
ure is  a  known  quantity  =  P  z  so  that 

EI^|=p2EI[A,  e^+An  e-^-B,  cos  pa; 

—  BM  sinpx\=o=P  •  z 
or  by  inserting  x=  0  in  the  formula 


B,  sin  pi  -Bj!  cospM  =  0,  and 

Aj«*'  -Ane-J'  +BX  sinpJ-Bi,  oosp^  =  0. 

(d.)  The  angle  under  which  the  tangent  of  the 
curve  at  H  will  cut  the  line  of  abscisses  can  be 
calculated  thus  : 

The  piece  H  H  is  part  of  a  circle,  whose  highest 
point  is  midway  between  H  and  Hj,  and  if  11  rep- 
resents the  radius,  then  will 

EI*-=p2  EI(Aj  e**  +  A,,  e-*1  -Bi  cos  pi- 

B  i !  sin  p  I) 

and  the  tangent  of  the  angle  in  question,  since  R 

H  H 
is  many  times  greater  than  — ; — ==a,  will  be  found 

=  ■ ,  this  being  the  absolute  value  of  the  tan- 

a  y 

gent,  whilst  the  first  differential  coefficient  — —   is 
&  u  x 

negative  fas  has  been  already  stated) ;  then  wLl 
ap*  (AL  e»'-f-Au  6-*1  — B,  cosp  I— B, ,  sinpZ) 
=  p  (A,  ePl  -An  e-*'  —  Bl  sinp  I  +  Blt  cosp  I) 
and 

Ax  e*>\ap  -1)+An  e-D,;ap-f-l)-B1  (apcosjZ-H 
sinpO— B,  t  (ap  sinp?—  cosp Z)=0. 

The  four  equations  a,  o,  c,  andd  are  sufficient  to 
calculate  A,,  An  Bt  and  B,1(  so  that  equation 
IV.  is  fully  developed,  and,  according  to  equation 
L  the  pressure  in  any  point  of  the  bearing  B  0,  can 
be  found. 

This  somewhat  intricate  investigation  was  neces- 
sary to  get  an  idea  how  the  pressure  P  will  be  dis- 
tributed. The  subsequent  example  will  illustrate 
the  theory  of  this — 

Let  P  =  3"  X  i"  X  10  00  lbs.  =  30000  lb*. 

The  lever  z  is  very  nearly  ^  of  the  thickness  of 
the  bar  =  ^".  The  diameter  of  pin  =  3",  so  that 
I=i.  L  c  in  be  assumed  to  be  =  4",  I  =1.",  E  = 
3UOO000O  lbs.  and  a  =o". 


*:+tu-B-brs-r} 


The  value  p  =    /   ^'    _  q.  658  and  p  I  =  0. 633. 


V  4X4 
z  .  P  30000 


p*n,i.        'ZXU-Li>8'2XJU0UUUuUXi 
P  3^)00 


=0.0002887 


•     p1"  ih  i        U.bu-V1  X-'vJOO.UuOX 

ePl  =  2.718230658=  1/31. 
e-p'  =  2.7182b-0b88  =  0.5179. 
sin  0.658  ==  0.115. 
cos  0.058  =  0.7912. 


:0. 000877. 
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And  these  values  put  in  the  equations  a,  6,  c,  d, 
lead  to 

B,  =-0  000902 
B,  1=--0.0001H5 

A,  =-0.0000493 
A,,  =-0.0006627. 

For  x  =  0  there  are 

yo=  A]+A]1-fB1=C  +  2B1  =  -0.001615"and 

Ao=,o^^3il[!!^0X0.00161^  =  121151bs. 

Fovx  =  l  =1"  there  are 
y  &=-  0.001252"  and  A|==p=93911ba. 

If  the  pressure  in  the  pin  hole  were  all 
the  constructor  has  to  provide  for,  the  di- 
mensions of  the  pin  and  eye-bar  might  be 
determined  in  several  ways.  In  reality, 
these  dimensions  are  almost  fixed,  for,  as 
will  be  shown,  to  reduce  the  flexure  of  the 
pin,  the  bearing  surface  must  be  short. 
The  rule  may  be  adopted  to  make  the 
bearing  surface  B  C  as  long  as  the  eye- bar 
is  thick.  In  this  case,  the  pressure  at  B 
will  be  12,115  lbs.  whilst  at  C  it  is  only 
9,391  lbs.  per  square  inch  for  a  8"  pm 
acted  upon  by  a  8"  X  1"  eye-bar  strained 
to  10,000  lbs.  per  square  inch. 

The  maximum  pressure  is  21  per  cent, 
greater  than  it  would  have  been  if  uni- 
lormly  distributed.  The  depression  at  B  is 
0.0016  "  and  at  C  0.0012",  showing  the  in- 
fluence of  a  curvature  which  hardly  can  be 
measured  even  by  very  fine  tools,  and  gene- 
rally would  escape  notice.  The  rise  in  the 
centre  of  the  pin  between  H  and  H  will  be 
less  than  5  X  (0.0016—0.0012)  =  0.002" 
— hence  it  is  unnecessary  to  provide  an 
tipptr  bearing  in  the  centre  of  the  casting 
if  the  pin  is  nearly  of  the  proper  propor- 
tion ;  the  play  in  the  pin  hole  usually  ex- 
ceeds Jj  of  an  inch,  which  is  more  than  six 
times  greater  than  the  rise  of  pin  between 
H  and  H. 

The  maximum  pressure  for  the  standard 
bearing  length  equal  to  one  thickness  of  the 
eye-bar  Avas  by  the  foregoing  calculation 
12,115  lbs. ;  for  a  badly  fitting  pin  it  would 
be  much  larger,  since  then  it  is  not  uni- 
formly distributed  over  the  diameter  of  the 
pin,  but  concentrated  at  one  point.  But 
for  a  well  fitting  pin  of  large  dameter  the 
pressure  of  12,000  lbs.  per  square  inch  is 
not  too  large ;  and  for  simplicity,  it  is  well 
to  assume  that  this  pressure  is  uniformly 
distributed  over  the  diameter  of  the  pin, 
until  at  least  the  effect  of  "  play  "  in  the 
hole  has  been  directly  determined  by  a 
large  number  of  experiments  on  impact. 


The  later  experiments  prove  conclusively, 
that  wrought-iron  after  millions  of  impacts 
may  break  on  the  side  where  the  strain  is 
tensile,  but  never  on  the  side  where  the 
strain  is  compressive.  Experiments  recent- 
ly made  in  this  country  as  to  the  crushing 
strength  of  wrought-iron  support  this  obser- 
vation, the  ultimate  crushing  strength  hav- 
ing reached  60,000  lbs.  per  square  inch. 
This  quite  disproves  conclusions  from  older 
experiments  carried  up  to  ultimate  strength, 
which  led  to  the  belie?  that  iron  under 
compression  is  weaker  than  under  tension  ; 
which  may  perhaps  be  true  for  very  soft 
metal.  But  such  iron  would  not  show  the 
same  behavior  when  used  in  a  bridge. 
A  properly  proportioned  bridge,  having  no 
section  strained  to  more  than  10,000  lbs. 
per  square  inch,  will  never  break  from 
softness  of  metal  in  compression,  although 
it  may  after  the  passage  of  millions  of 
trains  by  the  ultimate  failure  or  wearing 
out  of  its  tension  members.  This  view  was 
always  held  by  the  best  engineers  on  the 
Continent  of  Europe,  and  General  Morin 
repeatedly  expressed  the  opinion  laid  down 
here. 

Fortunately  skeleton  bridges  such  as  are 
built  by  reliable  and  experienced  American 
engineers,  can  be  calculated  ;  and  all  good 
ones  are  calculated  so  that  no  detail  is 
strained   nearly  to  the  limit  of  durability. 

To  prove  how  specially  erroneous  are 
conclusions  derived  irom  Hod gkin son's  ex- 
periments which  refer  to  alleged  differences 
in  the  compressive  strength  of  wrought  and 
cast  iron,  results  obtained  in  France,  and 
illustrated  by  General  Morin,  may  be  quo- 
ted. 

Two  cast-iron  beams  were  made  of  the 
same  metal  and  with  the  same  height, 
length,  and  area.  One  of  these  beams  was 
constructed  to  suit  Hodgkinson's  experi- 
ments with  a  heavy  tension  and  a  light 
compression  flange,  the  two  being  in  the 
ration  of  4-7  to  1 ;  the  other  had  two  equal 
flanges,  the  web  was  in  both  beams  of  the 
same  thickness.  The  Hodgkinson  beams 
deflected  2§  times  more  than  the  plainer 
one  ;  this  ratio  according  to  the  theory  be- 
ing exactly  as  that  of  the  moments  of  iner- 
tia of  the  cross  sections. 

The  Hodgkinson  beam  had  to  stand  pres- 
sures more  than  5  times  greater  than  those 
of  the  other  beam.  The  same  results  were  ar- 
rived at  by  testing  rolled  wrought-iron  beams 
with  unequal  flanges,  which,  when  reversed, 
gave  precisely  the  same  deflections.     Thus, 
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these  two  experiments  proved  that  the  rules 
which  Mr.  Hodgkinson  drew  from  tests  up 
to  ultimate  strength  were  useless,  to  say  the 
least,  for  parts  strained  below  the  elastic 
limit  of  the  material.  Again,  to  show  how 
unreliable  are  rules  derived  from  experi- 
ments carried  up  to  ultimate  strength,  those 
of  Mr.  Fairbairn  on  a  riveted  girder  are  re- 
ferred to.  They  were  such  as  to  expose  the 
material  to  strains  nearly  in  the  same  man- 
ner as  for  a  railroad  bridge.  The  girder 
broke  under  a  strain  of  not  more  than 
18,347  lbs.  per  sq.  in.  after  only  5,175  im- 
pacts, and,  of  course,  on  the  tensile  part. 

It  must  be  supposed  that  this  girder  was 
of  good  workmanship,  and  at  least  of  the 
average  quality  of  English  iron ;  and  we 
know  that  a  good  wrought-iron  bar  does 
not  break  under  strains  of  30,000  lbs.  after 
130,000,000  of  impacts. 

The  girder  was  repaired ;  when  tested 
under  a  strain  of  13,000  lbs.  per  sq.  in.,  it 
did  not  break  after  2,720,000  impacts.  In 
accordance  with  new  experiments,  probably 
tins  girder  would  hive  broken  after  a  suffi- 
cient number  of  impacts,  still,  evidently 
from  the  first  experiments,  it  actually  had 
less  than  60  per  cent,  of  what  was  thought 
to  be  the  available  area. 

Since  in  such  girders  generally  about  20 
per  cent,  of  material  is  wasted  in  rivet  holes, 
it  may  be  said,  though  properly  designed 
and  constructed  according  to  the  rules  de- 
rived from  experiments  on  ultimate  strength, 
that  when  tested  in  the  same  manner  as  in 
practice,  they  have  lost  more  than  half  of 
the  value  of  their  met  il.  The  failure  of 
the  Crumlin  Viaduct  superstructure  is  an- 
other and  more  direct  illustration  in  proof 
that  experiments  to  the  ultimate  strength 
cannot  be  relied  on  in  deducing  rules  for 
the  proportions  of  pins  in  bridges. 

This  failure  was  due  to  pins  proportioned 
by  a  rule  derived  from  experiments  on  the 
ultimate  shearing  strength  of  rivets.  Such 
rules,  applicable  to  boilers  or  ships  where 
the  ultimate  strength  must  be  taken  into 
account,  cannot  be  safely  used  to  determine 
th  i  proper  diameter  of  a  pin.  One  of  their 
defects  is  that  no  allowance  is  made  for 
pressure  in  the  hole,  which  frequently  is  2| 
times  the  strain  calculated  to  be  uniformly 
distributed  over  the  cross  section. , 

Rivets,  on  account  of  friction  caused  by 
their  heads,  transfer  a  portion  of  this  pres- 
sure to*  the  outer  surface  at  the  plates  they 
join  together,  and  therefore  do  not  give 
strikingly  bad  results  in  practice. 


The  s;ime  rules  cannot  apply  to  pins 
where  no  such  pressure  on  the  surface  take3 
place. 

The  deduction  of  rules  for  pins  from  the 
condition  of  rivets  is  not  the  only  empiricism 
in  regard  to  the  former.  In  Germany,  on 
occasion  of  the  erection  of  suspension 
bridges,  Engineer  Malberg  made  trials  of 
links  which  gave  results  agreeing  with  those 
obtained  later  in  England.  Though  the 
German  proportions  were  published,  it 
seems  they  did  not  receive  attention  abroad, 
or  else  the  English  experiments  would 
probably  not  have  been  made.  As  far  as 
value  is  concerned,  neither  set  of  trials 
should  be  relied  on. 

Specifications  for  our  bridges  require 
consideration  only  of  a  maximum  direct 
strain  under  the  heaviest  load  which  the 
structure  may  bear.  This  condition,  with 
reference  to  pins,  can  readily  be  fulfilled  by 
examining  analytically  the  nature  of  their 
strains.  A  pin  is  nothing  but  a  beam,  and 
since  a  great  variety  of  experiments,  made 
on  beams,  prove  that  within  the  limits  of 
elasticity  the  theory  adopted  is  not  less  cor- 
rect than  that  of  the  law  of  gravitation  to 
the  movements  of  the  planets,  what  re- 
mains to  be  done  is  :  only  to  find  theoreti- 
cally the  maximum  strains  at  different 
points  of  the  pin.  Recourse,  however,  was 
had  to  empirical  researches,  and  tests  were 
made  which  could  not  show  the  nature  of 
the  strains  under  loads  such  as  occur  in 
practice.  Thus  the  first  experimental 
English  rule  made  no  allowance  for  pres- 
sure and  flexure,  but  referred  solely  for  the 
shearing  strain  which  was  supposed  to  be 
uniformly  distributed  over  the  cross  section 
of  tlifi  pin.  It  is  plain  that  at  the  elastic 
limit  the  science  of  strains  ends,  since  this 
depends  on  the  principle,  "  ut  tensio  sio 
vis." 

Nevertheles  this  is  still  frequently  over- 
looked, and  especially  so  in  reference  to  tho 
shearing  strain  of  pins. 

The  rule,  moreover,  has  been  frequently 
misapplied  as  to  pins  of  suspension  bridge 
chains,  which  have  been  considered  as  sub- 
jected to  double  shearing,  although  the 
outer  bars  always  cause  but  single  shear- 
ing, and  also  not  unfrequently  to  bottom 
chord  pins,  where  likewise  the  outside  bars 
cause  but  single  shearing. 

This  rule  regarding  exclusively  the  shear- 
ing strength  of  a  pin  was  used  until  the 
failure  of  the  Crumlin  Viaduct,  and  ex- 
perience  gained  with   suspension   bridges 
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(such  as  built  at  Montrose  in  Scotland, 
where  the  pins  in  a  few  years  cut  their  way 
iilniost  through  the  eyes)  caused  engineers 
to  make  other  trials  referring  to  the  strength 
of  eyes  and  the  bearing  surface  of  pins. 
These  experiments  were  witli  wide  and 
thin  bars,  as  used  in  suspension  bridges,  but 
not  in  truss  bridges,  of  good  design.  In 
this  case  the  eye  of  the  bar,  placed  between 
two  links  or  the  jaws  of  the  machine,  acts 
on  the  pin  by  double  shear ;  the  action  is 
the  same  with  a  bar  as  wide  as  the  one 
tested  but  one  half  as  thick,  placed  outside 
of  the  bottom  chord  of  a  truss  bridge. 

The  new  rule  deduced,  fixing  the  diam- 
eter of  the  pin  from  £  to  |  of  the  width  of 
the  eye  bar,  contains  no  provision  for  the 
thickness  of  the  bar,  and  applies  to  the  case 
where  the  bar  is  20  times  as  wide  as  thick 
and  the  pin  is  subjected  to  single  shearing. 
Whether  this  rule  applies  to  a  square  bar 
i<:  more  than  doubtful  for  two  reasons.  First : 
Under  a  test  up  to  ultimate  str<  ngth  the  pin 
will  flatten,  the  bearing  surface  of  the  eye 
will  be  increased  and  receive  a  remarkable 
]  ermanent  set,  and  the  now  tightly  fitting 
pin  will  exert  a  great  radial  pressure  on  the 
pin  hole,  which  causes  friction  that  may  be 
nearly  as  great  as  itself,  since  under  high 
pressure  friction  increases  greatly. 

A  pin  in  a  bridge  is  used  quite  differently  ; 
the  bearing  surface  is  much  less,  the  pin 
hole  will  flatten  but  little,  and  the  pin  would 
wear  out  the  hole  in  a  comparatively  short 
time  if  made  to  conform  solely  to  experi- 
ments on  the  ultimate  strength.  It  seems 
to  follow  from  such  experiments  that  the 
pressure  on  the  bearing  surface  could  be 
considered  as  uniformly  distributed  over  the 
semicircular  surface  instead  of  through  the 
diameter  of  the  pin.  This  cannot  be  cor- 
rect for  a  pin  which  in  practice  has  a  play 
of  -jrqfth  to  -g-Vjd  of  an  inch,  and  which  ought 
not  to  be  pressed  more  than  about  12,000 
lbs.  per  sq.  in.  Second  :  The  latest  Eng- 
lish rule  does  not  take  account  of  the  thick- 
ness of  the  bar,  and  of  the  moment  of  flex- 
ure to  which  the  pin  is  exposed.  This  has 
been  already  alluded  to,  and  is  really  the 
leading  point  in  determining  the  size  of  a 
pin ;  the  dimensions  which  satisfy  this  con- 
dition will  also  satisfy  the  two  others. 

Having  thus  explained  why  experimental 
reseaches  have  not  as  yet  established  practic- 
able rules  for  pins,  the  examination  of  shear- 
ing strains  with  reference  to  pins,  a  subject 
which  has  not  been  sufficiently  discussed  in 
many  text-books,  will  be  considered. 


SHEARING  STRAIN  IN  PINS. 

The  theory  of  flexure  teaches  that  the 
shearing  strain  is  not  uniformly  distributed 
over  the  cross  section ;  consequently  the 
maximum  shearing  strain  must  exceed  the 
strains  which  could  exist  if  uniformly  distrib- 
uted. To  show  the  amount  of  their 
difference :  Figure  3  represents  a  part  of  a 
bent  beam ;  C  E  and  D  Et  must  be  two 
imaginary  sections  across  it,  and  V  V,  a  sur- 
face parallel  to  the  neutral  surface  G  B. 


Fig.  3. 


A*-  c 


The  question  is  what  forces  keep  the 
body  GDWi  in  equilibrium.  The  mo- 
ment of  flexure  at  A  generally  differs  from 
the  moment  at  B,  which,  in  this  examina- 
tion, is  supposed  to  be  the  greater.  The 
consequence  is  that  the  maximum  strain 
per  square  inch  at  D  is  greater  than  at  C. 
These  strains  per  square  inch  at  D  and  C 
may  be  represented  by  the  letters  AL  and  A. 

The  strain  per  square  inch  in   any  point 

Y  is  AX  ~t =j  since  the  strains  decrease  in 

the  same  ratio  as  the  point  approaches  the 
neutral  line.  The  sum  of  all  the  strains  of 
the  surface  C  V  is  partly  counteracted  by 
those  of  the  surface  D  V,  the  last  named 
sum  being  the  greater.  It  consequently 
needs  a  shearing  force  S,  acting  in  the  di- 
rection of  A,  to  resist  the  forces  in  the  di- 
rection of  At. 

Represent  by  V  any  distance  G  V  and  by  u  the 
width  ~o.  then  that  for  the  distance  V=VG  and  the 
total  shearing  strain  can  be  represented  6y 


V  =  GC 


A,- A,  /• 

=  —, 7  (*>  u 


dv) 


If  the  sections  C  G  and    D  B  approach  each 
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other  closely,  the  shearing  strain  must  be  con- 
sidered as  being  uniformly  distributed  over  the 
surface  W  and  the  strain  per  square  inch  will  be; 

V=CG=a 

S         A, -A       1        r       .   x 

vo'uu  vu        cli.u  w 

v  =  Gv 

The  values  A  and  A  t  can  be  derived  from  their 
respective  moments  M  and  M,  so  that  when  I  rep- 
resents the  moment  of  inertia  of  the  cross-section 

a 


of  the  beam  there  will  be  A, 


and  A 


j-  -  Mu  and  the  shearing  strain  per  square  inch 
will  be: 


M,-M 


-_—  .  I  (uvd 


v) 


and 


M,  —  M      dm 


=— —  =V=  the  total  shearing  force 


for  the  section  C  E  or  D  F,  so  that  the  shearing 
strain  per  square  unit  will  be 
a 

G  =  i —   •   I  (uv  du) 

v 
For  v  =  0,  r:  will  be  a  maximum,  which  is  the 
case  for  the  nt-utral  line  itself,  whilst  the  integral 
decreases  to  nothing  at  the  point  D.  For  a  pin, 
the  section  is  a  circle,  and  ie*-{-4  v*  =d2,  d  being 
the  diameter  of  the  pin,  and  the  maximum  shear- 
ing strain  will  be  found  : 

_  4        V 

so  that  a  iR  1 3  times  larger  than  if  the  total  shear- 
ing force  V  were  uniformly  distributed  over  the 
cross-section  r2  re  of  the  pin. 

The  higher  and  more  accurate  examina- 
tion proves  that  the  shearing  strain  also 
is  not  uniformly  distributed  over  the  lines 
00,  that  the  absolute  maximum  shearing 
strain  is  in  the  centre  of  the  pin,  and  is 
exactly  If  times  larger  than  it  would  be  if 
the  shearing  force  were  uniformly  dis- 
tributed over  the  whole  section. 

There  is  but  a  step  from  the  longitudi- 
nal to  the  vertical  shearing  strain.  That 
both  are  equal  in  every  point  of  the  beam, 
(on  the  pin)  can  readily  be  seen  by  con- 
sidering the  infinitely  small  hexahedron  of 
Figure  4. 

This  body  could  not  remain  in  equili- 
brium if  the  horizontal  shearing  force,  a, 
were  not  prevented  from  turning  the  figure 
A~B  cT)  around  point  B,  by  the  vertical 
shearing  force  a,  which  works  with  the 
lever  B  A,  to  turn  the  figure  ABCD  the 
other  way.  A  B  being  =  B  C  =  the 
units,  the  vertical  and  horizontal  shearing 
force  must  be  equal.  This  law  is  a  general 
one  suitable  for  any  body. 


Now  it  has  been  proved  that  the  shearing 
maxima  strains  which  act  in  the  centre  of  a 
pin,  both  horizontally  and  vertically,  are 
If  times  larger  than  if  it  were  possible  to 
distribute  the  total  shearing  force  Y  uni- 
formly over  the  cross-section.  The  value 
V  reaches  its  maximum  just  at  the  facing 
of  the  casting,  and  is  equal  to  the  total 
tension  of  the  eye-bar. 

Fig.  4. 


How  large  can  the  shearing  strain  a  be, 
without  exceeding  the  ordinary  requirement 
for  iron  bridges,  that  no  tensile  strain  shall 
be  greater  than  10,000  lbs.  per  square 
inch  ?  In  answering  this,  attention  is  called 
to  Figure  4. 

Shearing  strain  is  but  a  force  which 
tends  to  slide  an  infinitely  thin  slice  of  a 
body  along  its  section,  as  for  instance,  the 
surface  A  B  parallel  to  0  D,  into  the  new 
The  absolute  value  of  the 
Ao  depends    on   different 


position  A0  B0. 


deplacement 
causes : 

Firstly  on  the  shearing  strain  a  itself. 

Secondly  on  the  distance  A  D  between 
aTk  and  o  D,  for  a  surface  parallel  to  C  D, 
midway  between  A  and  D  would  only  slide 
half  as  far  as  A  B.  This  law  is  true,  since 
within  the  limits  of  elasticity  all  displace- 
ments increase  in  direct  and  single  ratio 
with  the  lengths. 

Thirdly  on  the  nature  of  the  material, 
so  that 

A  Ao=(7XADX  (-7T-)  where!-— J  is  a  co- 
efficient dependent  on  the  nature  of  the  material, 
or  it  is  -—^r-  =  -p-  tang .  angle  (A  D  A  o). 

Since  a  is  a  finite  value  like  G,  the  angle 
A  D  A0  is  also  of  a  definite  value.  This 
angle  is  the  test  of  shearing  strain,  so  that 
wherever  an  angle  has  changed  from 
right,  a  pair  of  shearing  strains  must  have 
caused  it. 

The  value  G  must  represent  a  weight  in 

order  to  make  — —  an  abstract  fraction.     G 

is  called  the  modulus  of  shearing  elasticity, 
and  represents   the  weight   which,  if  the 
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limits  of  elasticity  would  reach  thus  far, 
were  sufficient  to  slide  a  surface  so  far  that 
the  angle  A  D  A0  would  become  45  deg. 

A  shearing  strain  can  always  be  resolved 
into  tensions  and  compressions  acting  in  all 
possible  directions  on  a  point  in  the  interior 
of  a  strained  body. 

Tig.  5. 


In  Figure  5,  0  represents  a  point  of  a 
body,  A  At  the  shearing  deplacement  of 
the  infinitely  near  point  A.  0  x  parallel 
A  Ai  is  made  first  axis  of  the  system  of  co- 
ordinates. 

The  original  line  0  A,  by  the  shearing 
strain  has  been  changed  into  0  A1}  which  is 
equal  to  OA  plus  AA0,  this  being  the  pro- 
jection of  A.AX  on  OA. 

The  shearing  strain  per  square  inch  being  or, 
there  will  be 


AAj=i/  .  -— -  and  A  Ao  =  y.  — r.cos  a 


and 


AAo        tension 


U  A        modulus 


Tsin 


C03  a 


O  A    tt 

E 
IT' 


cos  oc 


This  value  will  be  a  maximum  when 
=45  deg.,  so  that  Tension  maximum 
E 


=4- 


For  a  perfectly  homogeneous  body  by 
experiment  and  calculation,  Gr  is  found  to 
=-§  E,  so  that  the  maximum  tension  which 
accompanies  any  shearing  strain  in  such  a 
body  (good  iron  or  steel,  but  not  wood)  will 

,      E  5 

=!  .Yjjj  —  o=-r  ,  <J.  or  if  the  maximum  ten- 
sion is  limited  to  10,000  lbs.  per  sq.  in.,  no 
shearing  strain  must  be  greater  than  8,000 
lbs.  per  sq.  in. 

It  has  been  shown  that  in  the  centre  of 
any  pin  the  shearing  strain  is  1-|  times 
greater  than  if  the  shearing  force  were  uni- 
formly distributed  over  the  cross  section, 
hence  the  pin  must  be  proportioned  to  with- 
stand a  uniformly  distributed  shearing  force 
of  If  times  the  actual  one ;  in  other  words, 


the  shearing  strain  must  only  be — _lbs.=: 

5,810  lbs.  per  sq.  in.* 

If  this  condition  is  observed  the  tension 
in  fhe  centre  of  the  pin  acting  at  45  deg.  to 
its  axis  will  be  not  more  than  10,000  lbs. 
per  sq.  in. 

If  the  section  of  the  tie  bar  is  "£"  by  "t" 
the  total  shearing  force  will  be  10,000  X  & 

X  t  and  the  section  of  the  pin  will  be  — — — - 

=  1.72  b  t.,  or  the  section  of  the  pin 
must  be  nearly  equal  1J  the  section  of  the 
bar. 

This  condition  determines  that  in  the 
neutral  axis  of  the  pin  the  shearing  strains, 
tensions,  and  compressions  shall  not  exceed 
the  maximum  tension  usually  prescribed,  of 
10,000  lbs.  per  sq.  in. 

The  rule  would  apply  if  another  amount, 
as  12,000  or  15,000,  were  prescribed.  The 
limit  of  shearing  strain  should  in  such  a 
case  be  raised  correspondingly,  by  still 
making  the  pin  section  1|  times  the  section 
of  the  bar. 

It  will,  however,  be  seen  that  considera- 
tion of  the  shearing  strain  alone  is  not  suf- 
ficient to  properly  proportion  a  pin. 

The  results  obtained  thus  far  depend  on 
the  modulus,  G  being  f  of  E  for  a  homoge- 
neous body  as  good  iron  or  steel.  This  as- 
sertion must  now  be  proved.  By  purely 
mathematical  investigation,  Navier,  then 
Cauchy,  Dienger,  and  others  found  that 
any  pressure  on  a  perfectly  homogeneous 
body  is  accompanied  by  an  expansion  or 
lateral  tension  equal  to  \  of  the  pres- 
sure per  sq.  in.,  and  the  tension  accom- 
panied by  lateral  compression  equal  to 
\  the  value  of  the  tension.  Eude  exper- 
iments with  india-rubber  prove  the  exist- 
ence of  lateral  compression  or  tension,  and 
those  made  by  Wertheim  and  Regnauld 
confirm  the  theory  sufficiently,  the  coeffi- 
cient differing  somewhat  with  the  degree  of 
homogeneity  of  the  bodies  under  test.  For 
iron,  Wertheim  found  J,  and  sometimes  a 
little  more,  but  not  so  much  as  to  cause  a 
change  in  the  modulus  to  exceed  1£  per 
cent.  Therefore,  without  entering  into  the 
analytical  investigations  of  Navier,  etc.,  it 
may  be  assumed  that  for  well  rolled  wrought 
iron  the  lateral  contraction  or  expansion  is 
\  the  longitudinal  tension  or  pressure. 

Fig.  6  represent  sone  surface  of  a  hexahe- 


*  The  Baltimore  Bridge  Company  make  the  uniformly  distrib. 
uted  shearing  strains  6,000  lbs.  per  sq.  in. 
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dron,  which  of  infinitely  small  sides  is  as- 
sumed to  be  acted  upon  by  two  tensional 
forces  T,  equally  distributed  over  the  sur- 

Fig.  fl. 


faces  indicated  in  the  figure  by  the  lines  ajj 
and  UI>. 

The  sides  ad  and  BC  are  extended  and 
the  sides  aTj  and  oD  compressed.     The  ex- 
T  .  T 

tension  will  be  —  BC.  the  compression  — 

AB,   or  since  AB=BC,   the  side  itself  can 
be  assumed  as  unit,  and  the  extension  will 

T 
be—  whilst  the  lateral  contraction  is  \  of 

E  * 

this  value. 

The  angle  B  u  c  was  originally  90  deg., 
but  now  it  is  more  and  the  increase  may  be 
represented  by  the  letter  e.  If  B  0  0  in- 
crease, the  angles  0  C  B  and  0  B  C  decrease 
each  one-half  the  amount  of  E. 

There  is  consequently  after  the  extension 


tang  A5°--^-\ 


*4 


1  + 


A  B  after  the  contraction  . 
B  C  niter  the  extension 

or  since  e  is  a  very  small  angle 
tang  45°-  tang  —        1—   —       1 


tang- 


l+tang45°tang-        1  +--•        1+ 


T 

4E 

~T~ 

E 


From  this  again  (because  e  is  very  small) 

(}-£>(> -0= 0-^)0-1) 


or 


l-c=l 


5T 


and 


5  T 

_  ana  e  = 

4  E  4  E 

The  angle  A  0  B  having  changed  its  value, 


there  must  be  a  shearing  force  along  both 
diagonals. 

s        s 

This  shearing  force  being  Si  t  will  be— — and  -~ 

~4E 

The  value  S  can  also  be  found  by  a  second 
consideration.  If  the  prism  A  B  D  is  in 
equilibrium,  the  force  T,  will  be  counteract- 
ed by  a  shearing  force  S,  and  a  tensional 
force  perpendicular  to  diagonal  B  D. 

The  projection  of  the  total  force  acting  on 
the  surface,  which  is  represented  by  the 
line  A  B,  on  the  diagonal  B  D,  must  equal 
the  total  shearing  force  acting  on  the  sur- 
face of  the  prism  represented  by  line  B  D, 
or 

lXlXTXcos  45°  =i7T)xlxS,  or 

1  X  S 


T  X  cos  45°- 


cos  45c 


or  T  =  2  S. 


The  two  equations  for  S  combined  give  the 
value  of  G  represented  by  E,  so  that  there  is  : 

S  5      2  S        _         2  _ 

__=:_.  or  G  =  -  E  - 

G  4  JU  5 

This  is  the  equation  upon  which  the  rule 
was  based  that  the  section  of  a  pin  must  be 
at  least  If  times  the  section  of  the  bar,  to 
keep  the  tension  caused  by  the  shearing 
strain  below  the  limit  generally  prescribed. 
To  many  engineers  the  above  deductions 
may  be  new,  and  it  is  therefore  desirable  to 
dwell  for  a  few  moments  on  the  conclusions 
which  may  be  derived  therefrom.  It  has 
been  mentioned  that  "Wertheim  and  Eeg- 
nauld  made  several  series  of  experiments, 
by  which  they  established  that  the  factor  of 
lateral  contraction  does  most  sufficiently 
correspond  with  the  moduli  E  and  G,  as 
found  by  tensional  and  torsional  experiments. 

The  theory  of  strains  has  received  very 
valuable  proofs  by  Chief  Engineer  Woehler, 
in  Germany.  He  made  experiments  on 
impact,  on  tension,  compression,  torsion,  etc., 
during  12  years.  He  first  established  the 
law  that  any  material  may  be  broken  by 
repeating  sufficiently  often  extensions, 
which,  however,  cause  strains  below  the 
breaking  point,  and  he  then  determined 
certain  limits  of  strain  within  which  the 
material  did  not  break.  Further  experi- 
ments on  torsion  and  other  more  direct 
chearing  strains  confirmed  the  same  law, 
but  established  that  this  limit  must  neces- 
sarily be  lower  then  for  direct  strains. 

We  may  call  these  limits  the  "  limits  of 
durability." 

Oast-steel,  cut  from  railway  axles  furnish- 
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ed  by  Krupp,  has  not  broken  after  40,000,- 
000  impacts,  straining  the  material  trans- 
versely to  53,000  lbs.  Nor  could  this  steel 
be  broken  by  any  number  of  impacts  caus- 
ing shearing  strains  of  42,000  lbs.  per 
square  inch.  All  strains  higher  than  these 
produced  rupture  after  a  sufficient  number 
of  impacts  ;  and  there  seemed  to  exist  a  cer- 
tain relation  between  the  number  of  im- 
pacts and  the  value  of  the  strain.  We  may 
therefore  call  53,000  lbs.  the  limit  of  dura- 
bility for  tensile,  and  42,000  lbs.  the  limit 
for  shearing  strain  of  the  class  of  steel  ex- 
perimented on. 

According  to  theory,  the  ratio  between 
both  limits  ought  to  be  as  1 :  0.800,  whilst  in 
reality  it  was  as  1  :  0.793. 

The  tensile  modulus  of  this  steel  was  ex- 
perimented on,  and  fixed  at  28,725,000  lbs., 
while  the  shearing  modulus,  found  by  very 
careful  torsional  experiments,  was  11,237,- 
000  lbs.  Their  ratio,  according  to  theory, 
ought  to  be  as  5 :  2. — when  the  result  of  the 
experiment  proved  it  to  be  as  5  :  1.95. 

The  quoted  results  refer  only  to  a  very 
small  part  of  the  experiments,  which  were 
extended  to  copper,  and  wrought  and  cast- 
iron  of  different  makes  ;  all  gave  results  in 
good  harmony  with  theory,  and  as  they 
were  made  to  test  the  material  in  the  same 
manner  as  in  practice,  they  prove  that, 
within  the  limits  for  which  the  theory 
holds  good,  we  can  well  rely  on  it  with 
this  proviso — that  for  riveted,  forged  or 
machine-worked  parts,  experiments  should 
be  made  of  each  class  of  material,  by  which 
alone  a  correct  idea  as  to  their  strength  and 
endurance  can  be  formed.  The  older  ex- 
periments, made  on  strains  beyond  the 
limits  of  durability  of  the  material,  or  not 
with  acting  in  the  same  manner  as  in  prac- 
tice, or  carried  to  the  ultimate  point  of 
failure,  could  not  possibly  lead  to  any  law 
or  reliable  formula,  because  the  phenomena 
beyond  the  elastic  limit  cannot  be  followed 
up  by  even  the  highest  analysis,  and  pos- 
sibly do  not  conform  to  any  law. 

Frequently,  as  a  consequence  of  the  older 
views,  the  effects  of  shearing,  torsional, 
compressive,  and  tensile  strains  and  strength, 
are  spoken  of  as  so  many  different  pheno- 
mena without  relation  to  each  other,  while 
in  reality  in  every  point  of  any  strained 
body  there  exist  shearing,  tensile,  and  com- 
pressive strains  at  the  same  time. 

Referring  to  the  object  of  this  paper,  it 
may   be    added    that    experiments   on    the 


ultimate 


shearing 


strength 


show  that  the 


results  greatly  depend  on  the  way  they  are 
obtained,  in  some  cases  the  shearing 
strength  being  found  as  great  as  the  tensile 
strength,  and  in  other  cases  only  two-thirds 
of  it. 

If  the  greatest  tension  in  a  wrought-iron 
bridge  is  assumed  at  10,000  lbs.  per  square 
inch,  the  greatest  shearing  strain  ought  not 
to  exceed  8,000  lbs.  This  is  far  within  the 
limit  of  durability  of  good  iron  under  ten- 
sion, which  after  132,000,000  of  impacts 
was  established  at  33,000  lbs.  per  square 
inch. 

Having  now  determined  the  fundamental 
laws  of  elasticity  which  enter  into  the  prob- 
lem of  the  shearing  strains  in  a  pin,  and 
also  having  given  the  data  necessary  in 
estimating  the  maximum  pressure  that  can 
be  allowed  in  the  pin-hole,  a  more  impor- 
tant consideration  remains,  the  nature  of 
the  strain  caused  by  the  moment  of  flexure 
of  the  pin  is  still  to  be  examined. 

Attention  is  called  to  Figure  1,  represent- 
ing the  strains  upon  a  pin  either  in  a  top 
chord  of  a  truss  bridge,  at  the  exterior 
links  of  a  bottom  chord,  or  of  chain  suspen- 
sion bridges.  The  question  is  where  to 
find   the    maximum    moment  of    flexure  ? 

It  is  a  very  common  mistake  to  assume 
that  the  maximum  moment  is  in  section 
F  B,  when,  instead,  it  occurs  in  section 
H  C.  For  by  reversing  Fig.  1  it  will  be 
seen  that  the  problem  is  the  same  as  if  a 
beam,  G  G,  were  loaded  on  both  sides  from 
G  to  H,  leaving  a  space  H  H  unloaded, 
and  that  the  two  eye-bars  form  the  supports 
of  such  a  beam. 

Consequently  the  moment  must  have  a 
constant  value  from  H  to  H,  and  the  maxi- 
mum moment  must  exist  in  any  section  of 
the  pin  between  H  and  H. 

The  pressure  on  B  C  for  the  present  pur- 
pose can  be  considered  as  uniformly  dis- 
tributed, and  the  strain  of  the  eye-bar 
assumed  as  being  concentrated  in  I),  which 
is  in  the  middle  of  line  M  G.  The  reac- 
tion likewise  is  then  concentrated  in  the 
middle  of  B  C,  which,  according  to  pre- 
vious considerations,  is  made  to  be  equal 
to  MG. 

In  fact  the  centre  of  the  reactionary 
forces  is  a  little  closer  to  B  than  to  C,  but 
the  difference  is  very  small,  as  long  as  the 
bearing  is  not  longer  than  the  bar  is  thick. 

This  supposition  leads  to  the  smallest 
possible  pin,  and  when  the  bearing  surface 
is  made  longer,  the  pin  must  be  stronger, 
while  the  pressure  in  the  pin,  hole  at  the 
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same  time  decreases,  but  is  less  uniformly 
distributed. 

The  moment  of  flexure  of  the  pin  in  the 

section    H  C,   is  ==  P  (~-+  G  H^less 

C  IT 

P.  — T-,  or   since  G  H  was   made  =MG 

a 

there  will  be  the  maximum  moment  = 
P  .  M  Gr  ==  the  strain  of  the  eye- bar  multi- 
plied by  the  thickness  of  the   bar  as  lever. 

The  exact  value  of  the  moment  can  be  found  by 
dy2 
dx 

for  x  =  /  =  B  C  of  which  the  equation  has  been 
developed. 

This  value  for  any  length  P  of  B  C  would  give 
the  exact  moment  and  strain  which  a  pin  has  to 
bear,  its  diameter  being  assumed  previously 

Ma  +  GH 


determining  the  value  E I  ^  *2  of  the  curve  B  C, 


The  value  P 


is  much  larger  than  it 


would  have  been  obtained  had  section  F  B  been 
the  one  examined.  Then  the  moment  would  have 
.  .    _,  M  a  .       .     '  G  H 

been    only  P.  — —-  ,  which  is  less  by  P  .    — — - 

than  the  actual  maximum  moment. 

Under  the  assumption  that  M  Gr  =  6  H 
the  error  is  100  per  cent,  and  when  G  H> 
M  G  it  is  still  greater.  If  the  size  of  the  pin 
were  calculated  under  this  erroneous  sup- 
position, the  actual  strain  would  be  twice 
or  more  than  tioice  as  large  as  was  intended. 
There  is  no  shearing  strain  and  no  compres- 
sion by  reaction  in  the  section  C  H  and 
the  tension  in  the  uppermost  fibres  could  be 
used  for  the  determination  of  the  size  of  pins. 

The  well  known  elements  of  flexure  prescribe  that 


there  must  be,  for  I  =  t 


KIT 


3.14  =P«,  or 


since  P=bX  tx  10000 lbs.  and  when  S  is  fixed  at 

1C0C0  lbs.  per  sq.  in.  4j-  3-14  z=  &X  t2  and  d3  = 

10.18  .  b  I2. 

If  6  =4t  <£=  *a  -/40TT2  =3. 44 1  =  0. 86  width  of  bar. 

b=3t  d='*V 30.54  =3.18  *  =  1.06      " 

MftfV  20. 3tf  =2.73*=1.3G       " 

b=t  d=3-/ 10. 18  =  2. IB  i  =  2.16       " 

b=  t  (round  bar)  d=  t  3  -y/o=2.00  t  =2.00 
thickness  of  bar. 

These  sizes  of  pins  are  so  large  as  to  ex- 
clude entirely  the  consideration  of  shearing 
strain  and  of  pressure  in  the  pin-hole,  but 
it  may  be  justifiable  to  permit  greater  strains 
from  flexure  than  has  been  prescribed  for 
the  maximum  tension  of  the  tie-bar.  In- 
deed there  are  reasons  for  this  considera- 
tion. 1st.  It  is  impossible  to  equally  strain 
all  bottom  chord  bars  to  exactly  the  speci- 
fied limit :  some  bars  will  receive  tension 


exceeding  10,000  lbs.  per  square  inch, 
as  will  be  explained  hereafter.  Also  when 
several  bars  are  fixed  to  the  same  pin  it 
cannot  be  expected  that  they  severally  will 
have  equal  moduli  of  elasticity,  hence  the 
prescribed  maximum  of  10,000  lbs.  may  be 
exceeded. 

2d.  The  eye-bars  have  been  shaped  by 
a  process  of  manufacture,  which  under  all 
circumstances  somewhat  impairs  the  uni- 
form quality  of  the  iron. 

3d.  A  pin  has  not  been  exposed  to  fire 
after  having  been  rolled  ;  if  turned  to  size 
with  good  machinery,  and  by  a  skilful 
workman,  its  quality  has  not  been  altered  ; 
hence  the  iron  of  which  irts  made  is  more 
reliable  than  that  of  any  other  part  of  the 
structure. 

Under  these  suppositions,  it  is  thought 
safe  to  permit  a  maximum  tension  of  12,000 
lbs.  per  square  inch,  which  is  not  more  than 
the  maximum  pressure  in  the  pin-hole  as 
determined  in  the  first  part  of  this  paper. 

The  results  of  the  calculation  brought  to 
practical  dimensions,  are  represented  in  the 
following  table  : 

Width  of  bar  b  4"  3"  2"  V  1" . 

Thickness  of  bar.  A  V  \"  \"  1  square  1  round. 

Diameter  of  pin ...  d  3£"  3"  21 "  2"  1  \  " 

Ratio  of  d  :  b 0.8,  1.0,  1£  to  1$,  2,  If  tol| 

The  maximum  shearing  strain  of  these 
pins  is  6,600  lbs.  per  square  inch — the 
minimum  about  5,000  lbs. 

According  to  these  results  the  old  rule 

of  -   =  -J  is  only  admissible  for  bars  with 

thickness  \  of  their  width,  or  less  than  this. 
The  use  of  this  rule  for  a  square  bar  would 
permit  a  maximum  strain  of  more  than 
60,000  lbs.  per  square  inch,  if  the  condi- 
tions did  not  change  by  the  action  of  the 
nut  when  a  permanent  set  takes  place,  and 
a  pin  of  1^"  diameter  for  a  2"  X  1"  Dar> 
would  permit  a  maximum  tension  of  nearly 
50,000  lbs. 

These  two  examples  are  sufficient  to  show 
the  importance  of  properly  proportioned 
pins,  and  that  the  best  American  bridge 
constructors  are  wise  in  using  dimensions 
varying  but  little  from  those  found  above.* 

Indeed  for  a  considerable  time  the  more 
scientific  engineers  of  this  country  have 
strengthened  by  degrees   their  bridge  con- 


*  Mr.  Thos.  C.  Clarke,  of  Philadelphia,  stated  in  a  recent 
letter  to  the  American  Society  of  Civil  Engineers,  that  in  the 
bridges  of  the  Phoenix  Bridge  Co.,  nearly  the  same  diameters 
as  given  in  the  last  table  are  used. 
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nections,  and  by  combining  practical  ex- 
perience with  theoretical  considerations  the 
theoretical  dimensions  have  been  nearly 
reached.  European  engineers  by  using 
riveted  work  have  not  had  an  opportunity 
to  obtain  this  result.  This  affords  a  reason 
why  in  many  late  books  the  subject  of  pins 
is  not  treated  more  scientifically. 

The  practical  bridge  builder,  when  de- 
signing a  structure,  sometimes  finds  it  diffi- 
cult to  fulfil  the  conditions  of  theory  and 
manufacture  which  more  or  less  contradict 
each  other.  However,  the  heavier  tie  bars 
which  carry  the  greater  part  of  the  dead 
load  are  not  so  much  influenced  by  the  live 
load,  which  is  the  really  destructive  element, 
while  the  pins  of  the  lighter  bars,  near  the 
centre  of  the  top  chord,  are  generally 
stronger  than  necessary. 

The  diameter  of  top  chord  pins  can  be 
reduced  by  making  them  what  is  called 
double  shearing,  a  bearing  being  placed  on 
each  side  of  each  bar;  the  diameter  can 
then  be  determined  as  if  the  bar  had  only 
•j-6^  at  its  thickness. 

It  has  been  seen  how  necessary  it  is  to 
use  the  proper  size  of  pin  in  the  top  chords, 
which  is  more  especially  true  for  pins  bearing 
more  than  one  bar.  In  this  case  the  sum 
of  the  bending  moments  produced  by  the 
several  bars  must  be  introduced  in  the  for- 
mula for  the  tensile  strain  by  flexure. 

Great  care  is  also  required  in  properly 
proportioning  the  pins  of  bottom  chords  of 
bridges.  Generally  here  the  pin  takes  hold 
of  the  post,  directly  to  it  are  attached  the 
ties,  outside  of  which  the  bottom  bars  are 
arranged.  Here  the  greatest  moment  of  the 
pin  is  near  the  bottom  bar  next  to  the  tie. 
It  is  an  accumulation  arising  from  the  some- 
times great  number  of  bars.  In  order  to 
form  a  more  precise  idea  of  the  strains 
which  may  arise,  it  may  be  as  well  to  ex- 
amine a  practical  example. 

Suppose  the  three  equally  strained  bot- 
tom bars  3  iii-X^  in->  ^  bars  3  in-XH  in., 
and  a  tie  3  in. XI  in.  are  on  the  same  pin 
on  one  side  of  the  post  of  the  bridge.  The 
maximum  moment  will  be  5.1  in.X10,000 
lbs.,  and  the  maximum  tensional  strain  by 
flexure  12,100  lbs.,  whilst  the  pressure  in 
the  pin  hole  will  be  found  to  be  8,570  lbs , 
resulting  in  a  tension  of  14,200  lbs. 

Some  bridge-builders  use  square  bars, 
with  pins  not  much  larger  than  the  thick- 
ness of  the  bar. 

Suppose,  in  reference  to  the  above  ex- 
ample, that  three  2  in.  square  bottom  bars 


were  counteracted  by  three  1^  in.  square 
bars  and  the  tie.  For  a  3  in.  pin  the  ten- 
sile strain  by  flexure  would  amount  to  25,- 
000  lbs.  Of  course  neither  this  nor  the 
above  strain  of  14,200  lbs.  will  really  exist 
in  the  pin.  The  fact  will  be  that  the  pins 
bend  a  little  toward  the  centre  of  the  bridge, 
and  the  bars  near  to  the  centre  line  of  the 
bottom  chord  will  beir  a  greater  share  of 
the  chord  strain,  relieving  the  outer  bars. 
The  difference  will  be  the  greater,  the 
smaller  the  pin  ;  the  greater  the  difference 
in  size  of  bars,  the  thicker  the  bars,  and  the 
shorter  will  be  the  panels. 

The  difficulty  of  reducing  the  strains  of 
bottom  pins  to  the  strain  of  the  bars  in- 
creases with  the  magnitude  of  the  bridge, 
and  may  partly  be  met  by  increasing  the 
number  of  flat  and  thin  bars,  making  up 
for  the  difference  in  tension  in  two  adjoin- 
ing panels  rather  by  the  number  than  by 
the  size  of  the  bars,  and  especially  by  using 
the  proper  size  of  pin. 

Another  way  to  meet  the  difficulty  con- 
sists in  creating  two  centre  lines  in  the  bot- 
tom chord,  by  placing  a  proper  number  of 
chord  bars  between  the  ties,  by  using  two 
posts,  or  by  constructing  a  properly  built 
post  foot.  For  small  bridges  these  costly 
arrangements  can  be  dispensed  with.  Flat 
bars,  in  preference  to  round  or  square  ones, 
are  in  all  cases  to  be  recommended.  The 
Baltimore  Bridge  Company,  for  instance, 
always  use  such,  and  it  seems  that  other 
constructors  have  recently  adopted  the  same, 
to  the  exclusion  of  round  bars. 

Pins  used  in  chain  suspension  bridges, 
the  bars  being  all  of  equal  section,  have  to 
resist  only  a  small  moment ;  their  propor- 
tions follow  the  rule  for  top  pins. 

As  a  conclusion  to  which  the  foregoing 
examination  perhaps  has  led,  it  may  be 
mentioned  that  it  is  easier  to  calculate  the 
general  strains  of  skeleton  structures  than 
to  design  details,  which,  satisfying  the 
practical  demands  of  economical,  speedy,  and 
reliable  manufacture,  are  also  in  harmony 
with  the  more  subtle  ones  concerning  their 
proportions. 


Acosrs  of  engineers  are  making  a  survey 
of  a  new  railroad  route  from  the  mouth 
of  Pedbank  to  Brady's  Bend,  on  the  west 
side  of  the  river.  This  road  is  intended  to 
reach  the  Butler  County  oil  fields  and  con- 
nect with  the  Bennett's  Branch  road.  It  is 
projected  by  the  Pennsylvania  P.  P.  Co. 
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If  we  were  to  imagine  a  single  fibre  of 
iron,  steel,  or  other  material  adapted  for 
undergoing  tensile  strain,  secured  at  one 
end  to  a  fixed  support,  and  having  a  weight 
suspended  at  the  other,  we  should  have  the 
nearest  solution  of  the  problem  of  "uniform- 
ity of  strain  "  to  which  it  would  be  possible 
to  attain.  Pushing  this  argument  a  little 
further,  it  may  be  assumed  analogically 
that  the  nearer  we  approach  to  these  condi- 
tions with  respect  to  any  rod  or  bar  of  iron, 
the  nearer  also  are  we  to  the  solution  of  the 
problem  in  question.  In  other  words,  the 
smaller  the  rod  or  bar  the  more  uniform 
the  strain  upon  it,  and  indirectly  the  greater 
its  strength.  Now  it  is  known  as  a  fact 
that  small  rods  and  bars  are  proportionally 
stronger  than  those  of  comparatively  larger 
dimensions.  The  reason  alleged  for  this 
apparent  discrepancy  is  that  the  iron  is  of 
better  quality,  that  is,  that  a  superior  de- 
gree of  homogeneity  can  be  imparted  in  the 
process  of  manufacture  to  the  smaller  scant- 
lings. This,  no  doubt,  is  true,  but  at  the 
same  time  it  is  open  to  discussion  whether 
this  is  the  sole  cause  of  the  proportional  in- 
crease of  strength.  As  all  bars  must  be 
broken  in  order  to  determine,  the  ultimate 
strain  they  will  bear  per  inch  of  sectional 
area,  is  it  not  probable  that  the  extra 
strength  exhibited  by  those  of  the  smaller 
scantlings  may  be  in  some  measure  due 
to  the  fact  that  the  principle  of  uniform- 
itv  of  strain  is  more  fully  carried  out  in 
their  instance  than  in  that  of  bars  of  larger 
size  ?  The  nearest  practical  approach  to 
our  illustration  of  the  single  fibre  is  a  wire, 
and  the  tensile  strength  of  iron  and  steel 
wire  is  enormously  in  excess  of  that  of  either 
rods  or  bars.  The  conclusion  to  be  drawn 
from  this  statement  is  that  a  number  of 
wires  bound  together  will  be  a  great  deal 
stronger  than  any  rod  or  bar  having  the 
same  aggregate  sectional  area,  and  will 
therefore  constitute  the  best  form  in  which 
the  material  can  be  put  when  it  is  subjected 
to  a  strain  of  a  tensile  character.  Under 
certain  circumstances  so  they  will,  provided 
always  that  in  every  instance  the  principle 
of  uniformity  of  stress  can  be  practically 
carried  out.  Since  the  strength  of  not  only 
isolated  rods  and  bars,  but  also  of  the  vari- 
ous members  of  girders  and  trusses,  consid- 
ered as   entire   structures,  very  much   de- 


pends upon  the  fulfilment  of  this  condition, 
it  is  not  to  be  wondered  that  engineers  have 
paid  considerable  attention  to  the  subject, 
more  particularly  of  late  years,  when  ex- 
amples of  iron  construction  have  been 
greatly  increased  in  both  number  and  mag- 
nitude. 

When  a  homogeneous  rod  or  bar  of  iron 
is  exposed  to  a  tensile  strain  the  separate 
resistances  of  all  its  fibres  may  be  regarded 
as  acting  in  parallel  planes,  and  may  be  re- 
placed by  a  single  resulting  resistance  equal 
to  the  sum  of  the  components,  and  acting  at 
its  centre  of  gravity.  It  is  obvious  what- 
ever may  be  done  with  a  number  of  inde- 
pendent wires  merely  bound  or  clipped  to- 
gether, that  it  is  not  possible  to  seize  or 
grip  the  individual  fibres  of  a  rod  or  bar  in 
order  to  subject  them  all  to  the  same  uni- 
form strain.  Consequently  the  only  course 
open,  with  the  view  of  fulfilling  the  required 
condition,  is  to  cause  the  strain  to  act  at  the 
point  of  the  application  of  the  resultant  of 
all  the  resisting  forces,  that  is  at  the  centre 
of  gravity  of  the  bar.  Theoretically  this 
suffices,  but  practically,  in  numerous  in- 
stances, it  certainly  does  not.  In  wide  bars 
and  plates,  in  which  the  action  of  the  strain 
is  simply  reduced  to  that  of  a  single  force 
applied  at  one  point,  the  parts  nearer  the 
line  or  direction  of  the  strain  are  undoubt- 
edly strained  more  severely  than  those  situ- 
ated at  a  greater  distance  from  it.  No  bet- 
ter illustration  of  the  value  of  the  principle 
of  uniform  distribution  of  strain  can  be 
found  than  in  an  ordinary  butt  joint.  Any 
thickness  may  be  given  to  the  wrappers, 
and  any  number  of  rivets  may  be  inserted, 
but  the  joint  which  will  stand  the  highest 
breaking  weight  in  the  testing  machine 
will  be  that  in  which  each  cross  section  is 
designed  in  accordance  with  the  principle 
laid  down. 

The  importance  of  securing  uniformity  of 
strain  in  the  various  members  of  a  girder 
was  not  kept  sufficiently  in  view  in  the 
early  designs  of  railway  bridges.  At  the 
present  time  there  is  little  doubt  but  that 
some  examples  of  these  structures  which 
are  supposed,  according  to  calculation,  to  be 
subject  to  a  strain  of  5  or  6  tons  only  to  the 
square  inch,  are  in  reality  in  some  of  their 
parts  working  up  to  nearly  double  that 
amount.     In  all  girders  and  bridges  it  is 
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essential  that  any  particular  strain  should 
pass  accurately  through  the  axes  of  the 
members  which  are  resisting  that  strain, 
and  if  this  is  not  the  case  it  is  the  fault  of 
the  designer.  It  is  on  account  of  the  non- 
fulfilment  of  these  conditions  that  objection 
has  been  taken  to  the  trough  section  of 
flanges  for  girders,  such  as  those  of  the 
Charing  Cross  Bridge.  This  particular  sec- 
tion of  flange  does  not  carry  out  the  princi- 
ple in  question,  although  it  might  be  adapt- 
ed to  do  so  to  some  extent  if  the  intersec- 
tions of  the  bars  of  the  side  girders  were 
differently  and  better  arranged.  Were  the 
diagonal  bars  so  adjusted  in  position  that 
the  lines  representing  the  longitudinal  axis 
of  every  pair,  should  intersect  the  axis  of 
gravity  of  the  flange  in  the  same  point,  a 
much  nearer  approach  would  be  made  to 
the  desired  conditions.  As  already  men- 
tioned, the  total  forces  or  strains  induced  in 
the  bars  may  be  regarded  as  concentrated 
in  their  resultants,  and  acting  in  the  direc- 
tion of  their  longitudinal  axes.  At  the 
point  at  which  these  resultants  meet,  that  is 
at  their  common  intersection  with  the  flange, 
they  are  resolved  horizontally,  and  if  the 
point  is  situated  in  the  axis  of  gravity  of  the 
flange,  this  horizontal  resultant  will  act 
along  that  line.  The  greater  the  distance, 
or  in  other  words  the  greater  the  want  of 
coincidence  between  the  point  of  in  terse  3- 
tion  and  the  axis  of  gravity  of  the  flange, 
the  greater  will  be  the  inequality  in  the  dis- 
tribution of  strain ;  but  while  there  is  a 
manifest  loss  of  economy  in  not  paying 
regard  to  this  detail  iu  the  designing  of 
t:ussed  girders,  the  detrimental  effects  due 
to  the  absence  of  coincidence  in  the  lines  of 
the  strains  and  the  axial  lines  of  the  mem- 
bers upon  which  they  act,  are  not  so  seri- 
ous as  some  imagine.  In  the  first  place, 
the  flange  has  to  resist  not  merely  the  hor- 
izontal strains  due  to  the  resistance  of  those 
in  the  bars  of  the  web,  but  also  the  vertical 
components  as  well.  A  flange  which  is  de- 
signed to  fulfil  only  one  of  the  requirements 
is  defective.  As  a  rule,  it  is  advantageous 
to  place  the  greater  portion  of  the  metal  in 
a  flange  in  the  horizontal  parts,  not  in  the 
sides,  and  moreover  the  adoption  of  the  sin- 
gle T  section  in  the  trough  affords  facilities 
for  attaching  the  diagonal  bars,  which  must 
not  be  overlooked.  It  must  not  be  forgot- 
ten that  the  direction  of  the  strains  in  a 
girder  or  truss  must  be  regarded  as  a  whole, 
and  it  is  by  no  means  certain  that  a  line 
laid  down  on  paper  to  represent  the  line  of 


strain  upon  any  particular  member  will 
accurately  represent  that  strain  when  the 
structure  is  erected  and  subjected  to  its 
regular  working  load.  In  a  bridge  or  roof 
which  is  well  proportioned,  and  in  which 
the  principles  mentioned  are  pretty  closed 
adhered  to,  there  is  a  tendency  in  the  struc- 
ture itself  when  put  under  its  load  to  ad- 
just the  direction  of  the  strains  in  the  right 
manner.  This  self-adjusting  tendency  will 
not  happen  when  the  structure  is  badly  de- 
signed, but  there  is  a  great  difference  be- 
tween a  bridge  or  roof  which  is  radically 
wrong  in  design  and  one  in  which  the  dic- 
tates of  theory  are  carried  to  an  extreme, 
and  possibly  an  absurd  limit. 

The  effect  of  straining  plates  in  directions 
which  do  not  pass  through  their  centre  of 
gravity  is  well  shown  by  a  series  of  experi- 
ments made  some  years  ago  by  Mr.  W.  H. 
Barton.  The  plates  were  2  ft.  in  length, 
6  in.  width,  and  J  in.  in  thickness.  Each 
plate  had  two  small  ribs  cast  upon  it,  at  dis- 
tances of  12  in.  apart,  and  in  these  ribs 
six  holes  were  made  in  which  to  insert 
delicate  measuring  instruments.  It  was 
found  that  the  mean  elongation  of  the 
plates  was  the  same  at  whatever  part  of  the 
plate  the  weight  was  applied,  but  that 
when  the  strain  was  applied  along  the  line 
of  edge,  it  produced  an  extension  along  that 
side,  and  corresponding  compression  on  the 
other  side.  It  was  also  ascertained  that  an 
angular  movement  took  place  which  varied 
as  the  weight  or  strain  multiplied  by  the 
distance  of  the  line  of  application  of  the 
strain  from  the  centre  of  gravity.  If  the 
plate  were  free  to  move  under  the  strain  it 
would  exhibit  a  degree  of  weakness  which 
would  not  be  displayed  if  the  direction  of 
the  strain  coincided  with  its  centre  of 
gravity,  since  in  that  case  the  multiplier  of 
the  angular  movement  would  equal  zero. 
The  difference  to  be  observed  in  drawing  a 
comparison  between  these  plates  and  the 
flange  of  a  girder  is,  that  the  former  may  be 
regarded  as  separate  or  detached  parts, 
whereas  the  flange  is  a  continuous  member 
in  itself,  one  portion  of  it  niight  probably, 
and  no  doubt  does,  correct  any  undue  strain 
in  another.  There  is  a  counterbalancing 
action  at  work  in  the  flange  of  a  girder 
which  does  not  exist  in  a  single  isolated  bar 
or  plate.  On  the  pther  hand,  the  advan- 
tage of  so  adjusting  the  relative  members 
of  a  girder  or  truss,  that  the  principle  of 
uniformity  of  strain  may  be  adhered  to 
should  never  be  lost  sight  of,  but,  on  the 
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other,  certain  practical  considerations  must 
be  attended  to  as  well.  It  is  bad  engineer- 
ing to  totally  neglect  practical  requirements 


in  the  attempt  to  carry  out  theoretical 
measures  which  are  as  likely  as  not  to 
prove  abortive. 


CONTRIBUTIONS  TO  SPECTKOSCOPY. 

By  Prop.  A.  K.  EATON. 
Written  for  Van  Nostrand's  Magazine. 


The  following  illustrations  are  presented 
as  the  readiest  method  of  answering  in- 
quiries that  have  reached  me  as  to  the 
position  of  the  prisms,  etc.,  in  the  experi- 
ments described  in  my  brief  note,  in  the 
July  number  of  the  Magazine.  I  also 
describe  a  new  form  of  prism  that  I  have 
devised,  and  the  use  made  of  it. 

Tig.  1. 


Fig.  1  represents  the  position  of  the 
prisms  in  producing  a  pure  spectrum  from 
direct  solar  light.  I  prefer  to  make  use  of  a 
mirror  B,  as  a  means  of  rendering  the  sun's 
rays  horizontal,  as,  in  that  case,  the  prisms 
are  easily  supported  in  their  requisite  rela- 
tive positions.  The  ray  may,  however,  be 
taken  directly  from  the  sun,  but  the  mani 
pulation  of  the  prisms  then  becomes  trouble- 
some. The  incident  ray,  B  C,  enters  the 
face  of  the  first  prism  at  an  angle  of  very 
nearly  90  deg.  to  the  perpendicular.  If 
only  one  prism  be  used,  the  eye  will  be 
placed  at  l) ;  and,  with  any  ordinary  flint- 
glass  prism  of  60  deg.  refracting  angle,  the 
observer  can  readily  separate  b1  and  b2  of 
the  b  group  with  two  prisms  and  the  eye  at 
E ;  the  main  components  of  the  D  band  are 
readily  resolved.  The  second  prism  is  so 
placed  that  the  mean  ray  will  emerge  at 
the  angle  of  minimum  deviation. 


In  making  use  of  the  diffraction  plate, 
without  slit  or  collimating  lens,  the  ray 
may  be  taken  directly  from  the  sun ;  but  it 
is  much  more  satisfactory  to  render  it  hori- 
zontal by  means  of  a  mirror  as  in  the  prism 
experiment.  In  Pig.  2  we  have  the  incident 
ray  A  B  striking  the  diffraction  plate  a  b  at 
an  angle  of  nearly  90  deg.  to  the  perpendi- 

Fig.  2. 


cular.  The  eye  placed  successively  at  C,  D, 
E,  F,  and  Gr,  will  see  the  spectra  of  the  1st, 
2d,  3d,  4th,  and  5th  oruers.  With  the 
exception  of  the  first,  the  spectra  of  the 
different  orders  are  more  or  less  mixed  by 
overlapping,  but  it  does  not  affect  the  cen- 
tral portions  of  the  spectra.  Dx  and  JJ2 
are  readily  resolved  in  all  the  spectra  ex- 
cept the  1st,  and  the  nickel  line  between 
these  is  easily  seen  by  the  aid  of  a  tele- 
scope of  very  low  power.  This  experiments 
were  conducted  with  a  diffraction  plate  of 
speculum  metal. 

Fig.  3. 


Fig.  3  represents  a  direct  vision  prism, 
consisting  of  a  very  dense  flint  prism  B  D  F, 
upon  which  is  cemented  a  thin  plate  of 
crown  glass,  the  end  of  which,  b  B,  is  cut 
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and  polished  to  the  angle  represented* 
This  prism,  without  slit  or  collimator,  de- 
fines the  Fraunhofer  lines  sharply  when 
the  direct  light-  of  the  sun  is  used,  but  the 
diffuse  light  of  the  sky  does  not  give  lines 
of  any  sharpness.  By  changing  the  angle  of 
the  polished  end  of  the  crown  glass  b  B,  so 
that  it  is  right  angled  to  the  surface  of  the 
plate,  and  receiving  the  ray  so  that  it  is 
totally  reflected  from  the  surface  b  C,  after 
entering  the  end  of  the  plate,  I  avoid  the 


'  difficulty  of  loss  of  light   and   define   the 

|  lines ;  but   in   this   case  it  is  no   longer  a 

:  direct  vision  prism. 

I  have  succeeded,  in  the  prosecution  of 
these  experiments,  in  producing  a  prism  for 

\  the  direct-vision  spectroscope,  which  has 
obvious  advantages,  in  point  of  simplicity 
and  cheapness  of  construction,  over  the  com- 
plicated combinations  in  general  use.  It 
involves  the  use  of  the  slit  and  collimating 
lens,  however,  as  in  the  ordinary  forms. 


Fig.  4. 


t^l 


If 


b> 


Fig.  4  represents  the  prism,  also  the 
mode  of  applying  it  in  the  small  hand  spec- 
troscope. It  consists  of  a  prism  of  flint 
glass,  upon  the  surface  (a  b)  of  which  is 
cemented  a  plate  of  crown  glass.  The  end 
of  the  plate  at  b  is  cut  and  polished,  form- 
in  g  an  angle  of  90  deg.  with  the  surface  of 
the  plate.  The  outer  surface  of  the  plate  is 
rough. 

This  prism,  with  slit  and  collimating 
lens,  arranged  as  in  the  figure,  gives  a 
spectrum    that    compares    favorably   with 


that  of  Browning's  "Miniature  Spectro- 
scope," with  2  flint  and  3  crown  prisms  in 
combination. 

If  two  of  these  prisms  be  used,  the  sec- 
ond being  placed  behind  the  first  in  the 
position  of  Fig.  4,  the  spectrum  is  doubled  in 
length. 

This  form  of  prism  seems  to  be  of  great 
promise.  Thus  far  I  have  only  applied  it 
in  the  construction  of  a  two-prism  small 
hand  spectroscope.  It  is  evidently  not  lim- 
ited to  this  use. 


Hoosac  Tunnel. — Says  the  "  Boston  Ad- 
vertiser "  :  During  the  month  of  April 
the  aggregate  length  of  tunnel  opened  in 
the  Hoosac  Mountain  was  299  ft,  of  which 
lb6  ft.  were  from  the  west  shaft  eastward, 
and  136  ft.  from  the  central  shaft  westward. 
The  work  done  from  the  central  shaft  was 
the  best  month's  progress  ever  made  in  the 
tunnel.  There  remained  on  the  1st  ol  May 
but  1,939  ft.  to  be  pierced,  the  total  pro- 
gress to  that  date  being  23,092  ft.  Should 
the  present  rate  of  progress  be  continued 
we  may  confidently  expect  that  there  will 
be  a  hole  through  the  mountain  by  the  10th 
of  next  November,  and  in  a  very  few  months 
thereafter  the  cars  may  be  running  through 
it  from  end  to  end.  Some  singular  facts  are 
reported  in  relation  to  the  circulation  of  air 
within  the  tunnel.  When  the  opening  was 
first  made  from  the  central  shaft  to  the  east 
heading,  there  was  a  strong  draft  of  air  in- 
ward and  upward,  so  that  at  times  an  un- 
protected light  would  be  at  once  extinguish- 
ed by  the  wind.  But  as  the  temperature  has 
increased,  the  draft  has  gradually  diminish- 


ed until  it  is  now  practically  reduced  to 
nothing.  The  slight  current  observed  varies 
both  in  strength  and  in  direction  with  the 
temperature.  The  correspondent  referred 
to  says  that  "  during  the  night  the  draft  is 
upward  through  the  shaft,  and  during  the 
day  as  the  air  becomes  warm,  the  same  pro- 
cess takes  place  as  above  mentioned.  The 
results  of  the  downward  shaft  give  interest- 
ing information.  A  light  can  be  seen  the 
entire  length  of  the  shaft,  a  depth  of  1,030 
ft.  The  timbering  is  visible  about  one- 
half  of  the  distance  down,  giving  a  more 
frightful  cast  to  the  notorious  place  than 
ever  before.  The  daylight  also  penetrates 
to  the  bottom  of  the  shaft,  a  fact  which  has 
never  before  been  recorded."  These  are 
very  curious  facts,  and  they  will  doubtless 
attract  the  attention  of  scientific  men.  It  is 
not,  however,  to  be  assumed  that  they  will 
have  any  important  bearing  on  the  matter  of 
ventilating  the  tunnel  when  in  use.  The 
experience  of  the  Mont  Cenis  tunnel  shows 
that  there  is  no  difficulty  in  the  operation  of 
a  still  longer  tunnel  without  shaits. 
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STEAM-BOILEKS* 


From  the  "English  Mechanic." 


There  is  one  part  of  this  book  which, 
especially  commends  itself  to  the  attention 
of  steam-users— namely,  the  consumption 
of  fuel ;  but  there  is  scarcely  a  page  in  it 
that  does  not  contain  something  the  pro- 
prietor of  a  steam-boiler  will  find  it  to  his 
interest  to  know ;  and  if  we  venture  to  say 
th;tt  boilermakers,  too,  might  re-learn  from 
it  some  lessons  they  appear  to  have  forgot- 
ten, we  shall  have  given  a  tolerably  com- 
prehensive idea  of  its  contents.  Mr.  Wil- 
son, who  modestly  says  that  his  book  does 
not  pretend  to  give  any  new  facts  or 
opinions  on  the  subject  of  which  it  treats, 
was  formerly  Inspector  for  the  Manchester 
Steam -Users'  Association,  and,  in  pursuance 
of  his  duty,  has  naturally  been  brought 
face  to  face  with  many  of  the  defects  ex- 
hibited by  different  examples  of  boiler  con- 
struction, and  has  gathered  together  from 
various  sources  information  virtually  inac- 
cessible to  the  majority  of  those  who  are 
engaged  in,  or  affected  by,  the  application 
of  steam.  It  is  not  very  probable  that  the 
nineteenth  century  will  witness  the  advent 
of  a  power  which  will  entirely  supersede 
steam  ;  and  even  if  one  of  those  marvellous 
inventions  which  we  have  often  had  occa- 
sion to  mention — and  to  ridicule — were 
perfected  to-morrow,  the  time  which  must 
necessarily  elapse  before  it  could  replace  all 
the  steam-engines  in  Great  Britain  would 
necessarily  be  of  so  long  duration  that  at- 
tention might  still  be  profitably  turned 
towards  the  improvement  of  the  existing 
machinery  for  utilizing  the  power  latent  in 
our  coal.  But  even  this  improvement 
would  seem  to  lie  in  one  direction,  and  in  a 
rather  narrow  compass.  We  have  arrived 
at  the  use  of  steel  for  our  boilers,  and  have 
consequently  reached  our  limit,  as  far  as 
strength  of  material  is  concerned ;  it  is, 
therefore,  principally  to  an  improved  form 
of  boiler  that  we  must  now  look  for  further 
advance  towards  a  perfection  which  can 
never  be  reached.  We  have  already  taken 
some  strides  in  this  direction,  and  we  have 
our  spherical,  tubulous,  and  other  boilers 
of  the  "  patent-safety  "  class,  made  in  units, 
segments,  or  sections,  and  employing  in 
many  cases  the   same   description  of  metal 


*  A  Treatise  on  Steam-Boilers  :  their  Strength,  Construc- 
tion, and  Economical  Working.  By  Robert  Wilsox. 
London  :  Lockwood  and  Co. 


as  found  favor  with  the  early  pioneers  in 
the  battle  with  steam.  These  inventors, 
when  their  granite  boilers  were  unsuitable, 
employed  a  hollow  sphere  of  cast-iron,  and 
placed  it  over  a  fire.  This  shape  soon  gave 
way  to  the  vertical  cylinder,  and  the  latter 
to  the  horizontal  oblong  boiler ;  when  Watt 
introduced  his  "  wagon  "  shape,  which  was 
tolerably  well  adapted  for  the  pressure 
then  employed,  and  specimens  of  which  are, 
we  believe,  still  at  work  in  some  parts  of 
the  country.  From  the  wagun  species  the 
"  haystack"  and  the  "  balloon  "  shape  were 
evolved,  and  many  of  them  must  be  still  in 
use,  if  we  may  judge  from  the  fact  that  we 
scarcely  ever  receive  a  "  report  "  from  the 
Manchester  Steam- users'  Association  with- 
out finding  one  or  the  other  figuring  as 
principal  performer  in  an  explosion  drama 
or  tragedy.  These  boilers  often  have  a 
diameter  of  15  or  20  ft.,  and  although  safe 
enough  when  new  for  the  pressure  they 
usually  carry,  from  5  lbs.  to  15  lbs.,  often 
when  old  explode  with  only  about  5  lbs. 
above  the  atmospheric  pressure.  Happily 
these  terribly  wasteful  means  of  utilizing 
power  are  being  speedily  replaced,  owing 
to  the  conviction  of  their  owners  that  a 
pressure  of  40  or  50  lbs.  is  more  economical 
than  one  of  7  or  10  lbs.,  and  that  coals,  if 
not  scarce  in  their  neighborhood,  are  be- 
ginning to  be  worth  money.  The  next 
boiler  to  make  its  appearance  was  the  ex- 
ternally-fired horizontal  cylindrical,  with 
hemispherical  ends  (the  egg-ender),  or 
with  fiat  or  cambered  ends,  through  which 
a    flue    passed,    to    lead    the     hot 


to  the  chimney,  and  thus  increased 
the  heating  surface.  This  latter  device 
naturally  led  to  the  placing  of  the  furnace 
w7ithin  the  tube,  and  the  introduction  of  the 
Cornish  type — a  type  which,  in  spite  of  the 
numerous  claimants  for  boiler  honors,  is 
likely  to  hold  its  own  for  many  years  to 
come,  or  at  all  events  till  pressures  of  150 
to  800  lbs.  become  the  rule.  The  Lanca- 
shire boiler  is  of  course  only  a  double -flued 
Cornish,  and  none  of  the  numerous  modifi- 
cations of  the  type  have  succeeded  in  beat- 
ing the  older  model  out  of  the  field  ;  the 
two  furnaces  were  made  to  combine  in  one 
flue-tube  beyond  their  bridge,  called  the 
"  Breeches  "  boiler ;  the  flue  has  also  been 
blanked  off  behind  the  bridge,  and  taken 
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out  at  the  side,  or  out  at  the  bottom,  as  in 
the  "  patent  downtake  "  (p.  853,  vol.  xvi.), 
to  re-enter  the  shell  Irom  the  back  end  of 
the  boiler,  in  the  form  of  a  horse-shoe  tube; 
but  the  only  modifications  that  are  really 
improvements  are  those  in  which  water- 
tubes  are  placed  across  the  flue  tubes,  and, 
other  things  being  equal,  the  multitubular 
variation  of  the  Cornish.  The  French,  or 
Elephant  boiler,  has  a  couple  of  cylindrical 
heaters,  connected  by  water-tubes  to  the 
main  shell  above.  They  are  of  course 
always  full  of  water,  and  are  completely 
surrounded  by  flame  and  hot  gases.  It  is 
alter  this  type,  though  certainly  a  long  way 
after,  that  Sir  Wm.  Fair  bairn's  new  boiler 
is  modelled  ;  a  boiler  which  may  be  looked 
upon  as  the  prototype  of  the  future  appara- 
tus for  raising  steam.  Finally,  we  have  the 
vertical,  most  numerous  of  all  in  its  varie- 
ties, and  each  very  wasteful  of  fuel ;  the 
Eastrick,  specially  adapted  for  iron  works, 
a  vertical  cylinder  with  a  central  flue  and 
horizontal  tubes  to  convey  the  hot  gases 
from  blast-furnaces  and  other  places  where 
heat  would  otherwise  be  wasted  ;  the  loco- 
motive type,  very  serviceable  where  space 
is  limited ;  and,  last  of  all,  the  new  "  patent 
safaty"  boilers,  made  up  of  units,  segments, 
and  sections,  which  are  only  at  present  be- 
ginning, so  to  speak,  to  feel  their  feet. 
Theoretically,  these  boilers  are  the  best,  be- 
cause they  expose  the  greatest  amount  of 
heating  surface,  are  believed  to  be  inexplo- 
sible,  and  make  steam  quickly,  with  a  pro- 
per circulation  of  the  water.  Doubtless  im- 
provements suggested  by  experience  will 
spedily  be  made  in  them  ;  but  at  present  in 
practice  it  must  be  confessed  that  they  re- 
quire their  water  to  be  specially  prepared 
by  having  the  solid  matter  removed,  if  the 
best  continuous  results  are  to  be  obtained, 
while  a  few  of  the  varieties  are  obviously 
defective  in  construction,  as  some  of  the  re- 
ports of  the  inspection  companies  clearly 
show.  The  difficulties  attendant  upon  their 
use,  however,  are  not  insurmountable,  and 
we  are  prepared  to  see  a  great  improve- 
jnent  in  this  type  of  steam-boiler  in  the 
immediate  future. 

We  do  not  intend  to  follow  Mr.  Wilson 
through  the  chapters  he  devotes  to  the  con- 
sideration of  the  strength  of  different  shap- 
ed boilers  and  the  directions  and  force  of 
the  steam  pressures  within  them  ;  suffice  it 
to  say  that  the  accepted  rules  are  clearly 
adopted  and  explained  without  unnecessary 
•.complication.      The   poition   of  the    book 


which  treats  of  this  part  of  the  subject  and 
also  of  the  properties  of  the  various  kinds 
of  metal  used  in  the  construction  of  boilers, 
contains  much  information  of  the  first  im- 
portance to  makers  and  would-be  inventors. 
With  regard  to  the  shape  of  the  rivets,  Mr. 
Wilson  is  decidedly  in  favor  of  the  snap  or 
cup-shaped  head,  and  not  without  reason. 
The  conical  head  is  very  frequently  made 
too  flat,  and  is  often  so  brittle  as  to  be 
easily  detached  by  a  single  blow,  besides 
offering  the  minimum  of  material  to  with- 
stand corrosion.  Machine-riveting  would 
appear  to  be  in  favor  with  Mr.  Wilson,  but 
we  think  that,  when  properly  done,  hand- 
riveting  is  the  best.  Unfortunately,  it  is 
very  rare  that  it  is  properly  done,  either 
from  lack  of  skill  or  carelessness  on  the 
part  of  the  workman.  It  is  no  doubt  true 
that  machine-riveting  upsets  the  rivet  and 
closes  the  hole  better  than  hand-riveting, 
and,  no  doubt,  gives  superior  work  for  girder- 
riveting  ;  but  there  is  always  the  possible 
defect  that  the  plates  may  not  be  brought 
into  close  contact,  and  that  the  rivet  itself 
may  be  squeezed  out  between  the  plates, 
and  cause  a  permanent  separation.  On  the 
contrary,  with  hand-riveting,  when  properly 
done,  and  it  is  only  of  the  best  skilled  work- 
manship that  we  are  speaking,  the  plates 
are  invariably  brought  close  together,  and 
the  rivet  being  struck  fair  in  the  centre  of 
the  point,  fills  the  hole  as  well  as  in  machine- 
work.  It  is  a  point,  however,  whether 
the  subsequent  cold  hammering,  especially 
with  the  conical-headed  rivet,  does  not 
cause  deterioration  of  the  metal  although 
this  must  depend  essentially  on  the  quality 
of  the  iron.  We  are  inclined  to  think, 
though,  that  the  best  system  of  riveting  is 
that  which  reduces  to  the  minimum  the 
amount  of  caulking  necessary  ;  for  careless 
caulking  is  answerable  primarily  for  many 
disasters,  though  the  practice  prevailing  in 
many  good  works  of  preparing  the  lapping 
edges  of  the  plates  undoubtedly  goes  a  long 
way  towards  reducing  the  amount  of  caulk- 
ing necessary,  and  enabling  the  riveting- 
machine  to  produce  better  work.  With  re- 
spect to  the  vexed  question  of  drilled  versus 
punched  holes,  Mr.  Wilson  makes  some 
sensible  remarks.  We  have,  ourselves, 
frequently  endeavored  to  point  out  that  the 
question  which  is  the  best  method  depends 
entirely  on  the  character  of  the  metal  in 
which  the  holes  are  to  be  made.  II  the 
boiler  is  to  be  made  of  steel-plates,  drilling 
is    undoubtedly    indicated  ;    but   wrought 
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iron-plates  ought  to  be  capable  of  with- 
standing the  effect  of  the  punch  uninjured, 
or  they  are  not  fit  for  boiler-making.  The 
majority  of  the  experiments  made  in  this 
connection,  however,  appear  to  show  that, 
taking  all  kinds  of  work,  drilled  plates  are 
stronger  than  those  in  which  the  holes  are 
punched,  but  that  rivets  offer  more  resist- 
ance to  shearing  strain  in  punched  holes 
than  in  drilled.  The  experiments  on  this 
point  are  detailed  by  Mr.  Wilson,  and  also 
the  conclusions  arrived  at  by  Sir  W.  Fair- 
bairn  and  others,  with  regard  to  the  rela- 
tive strength  of  lap  and  butt-joints.  The 
chapter,  too,  on  the  construction  of  boilers 
is  replete  with  information  with  regard  to 
stays,  hoops,  or  strengthening-rings,  the 
arrange aient  of  plates,  and  the  fastenings 
of  tubes. 

The  introduction  of  the  feed-water  into 
boilers,  is  a  subject  deserving  of  more  atten- 
than  it  usually  receives.  In  most  of  the 
Cornish  type  it  is  usually  delivered  near  the 
bottom,  because  it  is  thought  that,  by  put- 
ting it  in  near  the  water-level,  the  furnace- 
crown  seams  are  liable  to  be  started,  and 
that  the  admission  of  cold  water  near  the 
surface  may  tend  to  condense  the  steam. 
Mr.  Wilson,  however,  points  out  that  in 
most  internally  fired  boilers  there  is  always 
a  considerable  amount  of  dead-water  at  the 
bottom,  which  is,  comparatively  speaking, 
cold,  and  it  is  therefore  opposed  to  common 
sense  to  put  more  cold  Avater  in  the  very 
place  where  the  coldest  water  in  the  boiler 
tends  to  remain.  "  By  introducing  it  at  a 
higher  point  in  the  boiler  the  comparatively 
cold  water  naturally  tends  to  descend,  in 
consequence  of  its  superior  gravity,  and 
promotes  the  circulation  by  displacement. 
In  its  descent,  which  may  be  retarded  by 
the  circulation,  the  water  becomes  heated, 
and  thus  tends  to  equalize  the  temperature 
above  and  below,  and  thereby  lessens  the 
inequality  between  the  temperatures  of  the 
top  and  bottom  of  the  shell,  which  is  so 
destructive  to  the  boiler."  He  therefore 
advises  that,  in  internally-fired  boilers,  the 
feed  should  enter  through  a  horizontal  per- 
forated pipe,  placed  just  above  the  lowest 
water  level — a  plan  which  not  only  effec- 
tively distributes  the  cold  water,  but,  if  the 
pipe  is  a  long  one,  appreciably  raises  its 
temperature.  Fusible  plugs  come  in  for  a 
little  animadversion  from  Mr.  Wilson,  who 
thinks  their  efficiency  has  been  much  over- 
rated. The  rationale  of  these  plugs  is  too 
well   known   to    need    much    explanation. 


They  are  inserted  in  the  furnace-crown,  and 
are  made  of  an  alloy  which  is  supposed  to 
melt  as  soon  as  it  becomes  unprotected  by 
water.     As   a  matter  of  fact,    however,  it 
would  appear  that  the  alloy  undergoes  some 
change  during  long  exposure  to  heat,  and 
apart  from  any  protection  it  may  derive  from 
the  coat  of  soot  or  dirt  which  generally  ac- 
cummulates  on  it,  fails  to  melt  according  to 
calculation.     On    the  other   hand,    it   may 
melt  without  liberating  the  steam,  in  conse- 
quence of  the  scale  having  acquired  such  a 
thickness  as  to  withstand  the  steam-pressure 
till  the  plates  of  the  crown  are  burnt  and 
the  mischief  done  ;  a  similar  result  will  of 
course  ensue,  even  when  there  is  abundance 
of  water ;  and  the  plugs  are  so  far  useful  in 
this  case,  that  they  indicate  the  dangerous 
thickness   to   which   the    incrustation    has 
reached.     It  is,  therefore,  found  necessary 
to  frequently  renew  these  fusible  plugs,  if 
advantage   is  to    be  taken  of  the  security 
which  they  are  supposed  to  afford ;  but  it  is 
important  to  remember  that  the  area  of  the 
opening  left  by  the  melted  plug  should  be 
considerable ;  for,  apart  from  the  fact  that  a 
small  hole  will   not  materially  reduce  the 
pressure  in  a  boiler,  a  mere  jet  of  steam 
passing  over  glowing  coals  is  decomposed, 
and  the  fierceness  of  the  fire  is  in  conse- 
quence considerably  increased.      Incrusta- 
tion is  treated   almost  exhaustively,  and  if 
the   conclusions   arrived  at  are  vague  and 
unsatisfactory,   that  is  nothing  more  than 
might  be  expected.     All  the  tried  and  sug- 
gested remedies  are  mentioned  by  Mr.  Wil- 
son except  tannate  of  soda,  or  Kalignoid, 
as  we  find  it  is  called  in  this  country  ;  but  be 
considers  that  the  simplest  plan  of  prevent- 
ing incrustation,  and  one  that  is  withal  the 
most  reliable,  is  to   allow  the  boiler  to  cool 
as  gradually  as  possible,  and  to  stand  with 
the  cold  water  in  for  a  few  days  before  it  is 
emptied  and    thoroughly   cleansed.       The 
operation  would  require  repeating  at  inter- 
vals of  a  few  days,  and  would  necessitate 
the    employment    of  a    spare   boiler — two 
conditions  which  are  utterly  at  variance  with 
the  business  habits  of  an   average  steam- 
user.       Mr.    Wilson    also    alludes    to   the 
attempts  which  have  been  made  to  employ 
electricity  to  prevent  incrustation,  and  his 
opinion  of  its  merits  may  be  gathered  from 
the  following  sentences  : — "  That  this  means 
of  removing  scale  has  been  stated  to  be  suc- 
cessful on  what  should  be  good  authority, 
there  can  be  no  doubt.     But  in  more  than 
one  case  it  has  been  found  that  gold  and 
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not  electricity  was  the  agent  to  which  the 
incrustation  yielded.  Any  unscrupulous 
boiler  attendant,  by  suddenly  cooling  the 
plates  when  emptying  the  boiler,  can  pro- 
duce results  which  he  can  ascribe  to  the 
efficacy  of  any  kind  of  anti-incrustator  it 
may  be  to  his  interest  to  extol."  The 
chapter  on  wear  and  tear,  which  includes 
the  proper  setting  of  boilers,  contains  infor- 
mation which  should  be  known  to  every 
boiler-user  as  well  as  maker  ;  and  on  the 
important  and  rather  vexed  question  of 
testing,  Mr.  Wilson  bears  witness  to  the 
advantages  of  the  hydraulic  test.  "  Many 
cases  of  dangerous  defects,  which  the  strict- 
est scrutiny  of  the  completed  boiler  would 
fail  to  detect  have  been  brought  to  light  by 
the  hydraulic  test  combined  with  careful 
inspection."  Apart  from  the  fact  that  with 
many  boilers  pressure  is  the  only  means  of 
ascertaining  their  strength  and  of  detecting 
bad  work,  every  boiler,  no  matter  of  what 
kind,  should  be  submitted  to  the  test  either 
of  steam  or  water.  The  former  is  in  reality 
abad  practice;  for,  although  it  to  ay  be  argued 
that  it  is  placing  the  boiler  under  similar 
conditions  tq  those  of  its  future  every-day 
life,  it  is  more  like  an  attempt  to  burst  the 
boiler,  and  should  never  be  tried  till  after 
the  hydraulic  test,  when  in  fact  it  becomes 
unnecessary.  As  the  hydraulic  test  is  often 
applied,  however,  it  shows  nothing :  the 
pressure  must  be  maintained  for  a  consider- 
able time  after  all  leakages  have  been  rem- 
edied, and  the  measurements  of  the  boiler 
while  in  this  state  compared  with  those 
taken  before  the  pressure  was  put  on.  This 
plan  at  once  indicates  the  amount  of  pres- 
sure the  boiler  has  withstood,  and  the  de- 


fects, if  any  ;  but  to  prevent  any  possibility 
of  its  being  passed  after  having  been  strain- 
ed beyond  the  limit  of  elasticity,  a  careful 
inspection  is  imperatively  necessary.  Many 
persons  object  to  the  hydraulic  test  on  the 
ground  that  it  does  not  indicate  the  actual 
strength  after  all,  forgetting  that  it  is  not 
meant  for  perfectly  sound  boilers,  but  for 
the  detection  of  weakness,  and  for  proof 
that  the  boiler  is  capable  of  resisting  the 
pressure  at  which  it  is  to  be  worked  multi- 
plied by  the  factor  of  safety.  It  is  obvious 
that  to  ascertain  the  actual  strength  of  a 
boiler  it  would  be  necessary  to  burst  it,  or 
so  strain  it  as  to  render  it  useless. 

The  chapter  on  boiler  explosions  is  a 
repetition  of  what  has  been  over  and  over 
again  said  ;  but  Mr.  Wilson  enters  into  the 
various  known  and  suggested  causes,  and 
of  course  points  out  that  shortness  of  water 
is  in  many  cases  nothing  more  than  an  easy 
way  of  shifting  responsibility  onto  the  atten- 
dant, "  who  if  not  killed  by  the  explosion, 
in  many  cases  might  just  as  well  be,  so  far 
as  his  ability  to  defend  himself  is  concern- 
ed." The  combustion  of  coal,  smoke  pre- 
vention and  firing,  heating  surfaces,  and 
boiler  power  conclude  the  book,  the  last 
pages  being  occupied  with  tables  of  the 
collapsing  and  bursting  pressures  of  tubes 
and  shells.  The  volume  is  a  concise  trea- 
tise on  the  steam-boiler  ;  it  does  not  pretend 
to  be  a  complete  history,  for  the  obvious 
reason  that  that  would  be  impossible  within 
the  limits  of  its  328  pp.  It  nevertheless 
contains  a  large  amount  of  information 
useful  to  steam-boiler  owners  and  purcha- 
sers, and  worth  study  by  many  of  our  boiler- 
makers. 


IKON  AND  STEEL  TIKES. 


From  "The  Engineer." 


A  very  serious  accident,  if  the  word  may  | 
be  so    applied  with  propriety,  occurred  on 
Saturday    last    to    an    excursion    train   on  | 
the  Midland  Railway.     The  all-engrossing  I 
topic  of  the   Shah's  visit,  and  the  fact  that  j 
the  train  conveyed  only  railway  servants — 
in  whom,  of  course,  it  is  not  to  be  supposed 
that   the    general   public   can    feel    much 
interest — has  led  to  the  almost  total  silence 
of  the  daily  press,  with  one  exception,  the 
"  Standard,"    on    the    subject.     The   facts, 
so  far  as  we  can  learn,  appear  to  be  as  fol- 
lows : — The  Midland    Company    arranged 


that  on  Saturday  last  one  of  their  regular 
annual  trips  for  their  servants  engaged  on 
the  Derby  and  Leeds  section  of  the  Mid- 
land system  should  take  place.  The  ex- 
cursion trains  run  to  various  places,  such 
as  Manchester,  London,  Buxton,  etc.  The 
accident  occurred  to  one  of  the  trains  pro- 
ceeding from  Leeds  to  Buxton.  The  train 
started  about  seven  in  the  morning,  and 
consisted  of  thirteen  carriages.  On  nearing 
a  bridge  close  to  a  place  called  Hallfield- 
gate,  one  of  the  leading  tires  of  the  engine 
broke,  the  engine  then    left   the  line  and 
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ran  down  an  embankment,  taking  with  it 
one  of  the  carriages.  Two  persons  were 
killed  on  the  spot  and  several  others  in- 
jured. Such  are  the  facts  within  the 
smallest  possible  compass. 

Pending  the  decision  of  the  coroner's  jury, 
it  would  of  course  be  improper  to  pro- 
nounce an  opinion  as  to  whether  any  one 
was  or  was  not  to  blame  for  the  accident. 
But  it  can  do  no,  harm  to  say  a  few  words 
here  on  the  relative  merits,  as  regards 
safety  from  breakage,  of  irou  and  steel 
tires.  It  would  be  folly  to  suppose  that  in 
the  present  day  any  locomotive  engineer 
would  return  to  the  use  of  iron  tires  for 
driving  wheels,  and  we  have  certainly  no 
intention  of  recommending  such  a  course  ; 
indeed,  the  weights  now  carried  by  first- 
class  locomotive  driving  wheels  are  so  great 
that  driving  tires  would  never  be  out  of  the 
lathe  if  made  of  iron.  But  we  submit  that 
the  case  is  different  as  regards  wheels  not 
drivers,  and  especially  the  leading  wheels 
of  engines  intended  to  travel  at  a  high 
speed.  A  very  considerable  number  of  ac- 
cidents of  a  serious  type  ensue  directly 
from  the  breakage  of  engine  tires.  If  this 
breakage  is  confined  to  the  driving  or 
trailing  wheels,  the  engine  may,  and  some- 
times does,  keep  the  line.  It  is  a  well  re- 
corded fact,  for  example,  that  some  five-and- 
twenty  years  ago  the  driver  of  one  of  the 
up  night  trains  on  the  London  and  North 
"Western,  or,  as  it  was  then  called,  the  Lon- 
don and  Birmingham  Railway,  ran  for 
over  40  miles  after  he  had  lost  the  tire  of 
one  of  his  driving  wheels,  without  being 
aware  of  what  had  occurred.  He  heard  a 
crack,  and  felt  the  engine  jump  ;  but  the 
night  was  very  dark  and  wet,  and  he  as- 
sumed that  he  had  run  over  some  obstruc- 
tion and  broken  a  lifeguard  ;  so,  as  he  found 
that  nothing  further  occurred,  he  went  on, 
and  the  broken  tire  was  found  next  day  at 
the  side  of  the  road  40  miles  from  London, 
When  a  leading  tire  goes,  however,  it  is 
certain  that  the  engine  must  leave  the  line. 
It  appears,  therefore,  that  more  care  should 
be  taken  to  secure  a  perfectly  reliable  ma- 
terial for  leading  tires  than  is  necessary 
for  any  other  tires  about  an  engine ;  and  it 
is  almost  beyond  question,  we  think,  that  a 
weldless  Lowmoor  or  Bowling  tire  is  in 
every  respect  more  reliable  than  any  steel 
tire  that  can  be  made.  If  the  steel 
tire  were  perfectly  sound  and  good,  then 
unquestionably  it  would  be  better  than  a 
wrought  iron  tire  in  one  sense.     But  the 


difficulty  about  steel  tires  is,  that  no  one 
can  assume  with  perfect  certainty  that  a 
steel  tire  is  quite  sound  and  homogeneous 
all  through.  There  are  steel  tires  running 
now  which  we  have  little  doubt  are  so 
brittle  that  no  engineer  in  his  senses  would 
use  them  for  an  hour,  if  he  was  aware  of 
their  condition ;  but  no  one  can  be  aware  of 
their  condition,  consequently  they  are  used, 
and  also  consequently,  we  may  hear  of  a 
bad  accident  at  any  moment.  That  steel 
tires  should  be  so  uncertain  is  not  the  fault 
of  the  makers.  It  is  an  inherent  defect  in 
the  material.  It  is  all  very  well  to  take 
portions  of  a  tire  and  assert  that  wThen 
pulled  asunder  they  bore  an  enormous 
strain.  The  fact,  standing  by  itself,  proves 
nothing.  In  the  first  place,  a  tensile  strain 
is  but  one  of  the  many  strains  to  which  a 
railway  tire  is  exposed  when  in  use :  and,  in 
the  second  place  there  is  no  certainty  that 
the  metal  in  every  portion  of  a  steel  tire  is 
in  all  places  alike,  and  equally  tough  and 
good.  Opposed  to  all  the  theory  in  the 
world  about  steel,  stands  the  notorious 
practical  fact  that  the  metal  is  uncertain  in 
quality,  and  hard  and  brittle,  as  compared 
with  the  best  qualities  of  wrought  iron. 
After  the  most  careful  trials  the  use  of  steel 
plates  in  the  construction  of  boilers  is  being 
abandoned  on  the  Continent  because  of  the 
uncertainty  of  the  material.  The  rigidity 
of  steel  is  at  once  the  defect  and  the  advan- 
tage of  the  material.  Because  steel  tires 
are  hard,  stiff,  and  unyielding,  they  will 
not  wear  out  quickly  under  heavy  loads. 
But  this  very  property  of  rigidity  renders  it 
difficult  to  shrink  on  a  steel  tire  just  tight 
enough,  and  yet  not  so  tight  that  it  will  not 
be  exposed  to  a  heavy  initial  strain,  certain 
to  cause  its  ultimate  destruction. 

It  is  quite  true  that  many  accidents  have 
occurred  from  the  breakage  of  iron  tires  ; 
but  the  breakage  has  nearly  always  occurred 
at  a  weld,  and  if  the  best  class  of  Lowmoor 
or  Bowling  iron  be  rolled  into  a  tire  with- 
out a  weld,  then  such  a  tire  will  be  in  all 
respects  more  trustworthy  and  less  likely 
to  break  than  any  possible  steel  tire.  It 
will  be  safer  to  set,  and  more  reliable  in 
every  way,  and  for  this  reason  we  think  it 
is  well  worth  tho  attention  of  locomotive 
engineers  to  consider  whether  it  would  not 
be  advisable  in  all  cases  where  practicable, 
to  use  weldless  iron  tires  instead  of  steel 
for  locomotive  engines. 

In  any  case,  if  steel  is  to  be  used  it  should 
be  so  put  on  that  the  tire  shall  not  leave  the 
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wheel  in  case  of  fracture.  Many  arrange- 
ments for  this  purpose  are  well  known  to 
the  world,  and  it  is  little  short  of  criminal 
for  any  engineer  to  neglect  to  adopt  any  ex- 
pedient which  will  promote  the  safety  of  the 


public,  if  he  has  once  convinced  himself 
that  it  will  fulfil  its  intended  purpose.  Of 
course,  the  real  difficulty  lies  in  getting 
men  to  assure  themselves  on  any  point 
when  they  are  disposed  to  have  doubts. 


ON  THE  POKTATIVE  FOBCE  OF  MAGNETS. 


From  the  "English  Mechanic." 


The  author  submitted  two  magnets  on 
the  system  he  had  made  known  to  the 
Academy — one  of  mean  dimensions,  weigh- 
ing 6  kilogrammes,  and  carrying  80 ;  the 
other,  the  most  powerful  he  has  construct- 
ed, carrying  500  kilogrammes  with  a  weight 
ten  times  less.  Before  describing  them,  he 
explains  the  principles  of  construction  : — 

I.  The  supporting  force  of  a  magnet  de- 
pends upon  very  many  circumstances — first, 
the  mass  of  the  contact  and  its  exactness.  If 
it  be  small,  the  magnet  reserves  a  portion 
of  its  magnetism,  and  the  contact  takes  at 
its  two  extremities  two  poles  of  the  same 
name  as  those  it  touches.  When  its  mass 
increases,  this  magnetism  seems  diminished, 
and  disappears  altogether  at  the  extremity. 
At  this  moment  the  portative  force  is  at  its 
greatest,  as  all  the  magnetism  is  employed 
in  producing  it. 

In  this  way  the  author  has  seen  a  con- 
tact support  267  kilogrammes  applied  alone 
to  a  magnet,  and  305  kilogrammes,  when 
two  plates  of  iron  have  been  added  to  the 
faces,  increasing  the  weight.  Notwith- 
standing, it  will  not  do  to  augment  the 
weight  indefinitely,  for  that  will  diminish 
the  action.  For  to  decompose  the  magne- 
tism of  soft  iron,  the  magnet  expends  part 
of  its  power.  It  is,  therefore,  necessary  | 
suitably  to  regulate  the  mass  of  the  con- 
tact. It  is  also  necessary  to  regulate  the 
surface  of  adherence  of  this  contact  with 
the  magnet — if  it  increases,  the  force 
diminishes  ;  if  it  decreases  beyond  a  certain 
limit,  it  acts  like  too  small  a  contact;  all 
the  magnetism  of  the  bar  is  not  con- 
cealed.! 

II.  When  a  plate  of.  magnetized  steel  is 
added  to  a  group  already  formed,  it  ex- 
periences a  first  kind  of  influence :  two 
equal  quantities  of  magnetism  separate 
themselves  ;  one  is  drawn  over  against  the 


*  Translated  and  Abstracted  for  the  "  Eng-lish  Mechanic." 
j  Relative    to    Concealed    Magnetism,    see    "English   Me- 
chanic," p.  616,  No.  416,  14th  March,  1873. 


group,  the  other  is  driven  to  the  exterior 
face  of  the  added  plate ;  in  other  words,  the 
solenoids  that  terminated  at  the  surface  of 
this  group  prolong  themselves  across  the 
new  plate,  and  even  to  the  new  surface,  as 
if  the  primitive  magnetism  transported  itself 
to  this  surface,  and  this  action  adds  nothing 
to  the  former  state  of  the  magnet.  But  the' 
latter  produces  two  other  actions  :  it  forces 
to  the  exterior  the  magnetism  that  the 
plate  had,  and,  on  the  other  hand,  it  deter- 
mines in  this  a  contrary  magnetism,  the 
greater  as  it  is  the  more  energetic.  The 
difference  of  these  two  actions  represents 
the  gain  the  additional  plate  brings  to  the 
group.  This  gain,  at  first  considerable, 
diminishes  as  the  number  of  layers  aug- 
ments ;  it  becomes  nothing  at  last,  and  the 
normal  magnet  is  reached.  The  magne- 
tism is  maximum,  and  equal  at  M;  the 
carrying  force  attains  the  limit  at  f\  an(i 
each  plate  preserves  a  quantity  of  magne- 
tism e= — ,  which  decreases  proportionally 

to  the  number  n  of  the  elements,  and  is  al- 
ways inferior  to  the  quantity  E,  which  they 
had  received  by  the  magnetization. 

III.  This  quantity /'is  only  a  lower  limit 
of  the  portative  force.  The  contact  of  the 
magnet  having  been  fixed  on  a  suitable 
support,  suppose  we  place  successively 
against  it  the  plates  of  steel  that  would 
form  the  magnet  after  having  separately 
magnetized  them  to  saturation.  The  mag- 
netism E  of  each  of  them  will  disappear  in 
exciting  in  the  contact  an  equal  and  con- 
trary magnetism  that  neutralizes  it;  but 
this  magnetism  will  only  be  concealed,  not 
destroyed,  and  the  number  of  plates  being 
ft,  the  whole  will  no  longer  be  confined  ;  it 
will  be  iiYa  ;  the  portative  force  will  be  in- 
creased proportionally  to  the  number  of 
plates  ;  it  will  be  F,  always  greater  than 
/j  and  the  difference  F — f  will  increase 
with  ft. 

The  author  now  proceeds  to  state  that  the 
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whole  of  the  magnetism  of  each  plate  is 
concealed  by  the  contact.  That  occurs  for 
the  first  plates  ;  but  their  number  increas- 
ing, the  contact  ends  by  being  insufficient ; 
a  certain  quantity  of  magnetism  is  no  lon- 
ger concealed,  but  remains  free ;  it  in- 
creases progressively,  the  plates  react  on  each 
other,  losing  from  their  polarity  and  ar- 
riving at  a  new  limit.  During  this  time 
F  has  increased  slowly,  then  remains  con- 
stant. 

F  is  a  higher  limit  of  the  portative  force. 
We  will  measure  it  by  the  first  separation 
from  the  contact.  Once  the  contact  separat- 
ed, the  plates  recover  the  magnetism  that  it 
had  concealed ;  they  are  again  delivered  to 
their  mutual  influence,  as  when  placed  on 
each  other  without  the  contact ;  then  they 
demagnetize  themselves,  each  retaking  the 

charge  e= —  the  group  preserves  its  quan- 
tity of  magnetism  M,  and  the  portative  force 
again  becomes  f. 

IY.  When,  by  the  first  separation,  the 
portative  force  has  been  reduced  from  F  to 
J\  it  varies  no  more,  or  very  little,  by  subse- 
quent separations.  It  is  possible  to  carry  it 
back  anew  to  its  maximum  value  F ;  it 
suffices  to  surround  each  limb  of  the  mag- 
net with  a  spiral  of  electric  wires,  to  apply 
the  contact  near  the  polar  surfaces  and  re- 
magnetize  the  bundle.  The  author  has  al- 
ready published  the  results  he  has  obtained 
in  this  case  under  the  title  of  Eledric  Con- 
densation*. 

The  author  has,  for  example,  constructed 
a  magnet  with  14  superposed  horseshoes  of 
70  centimetres  length,  weighing  10  kilo- 
grammes. Five  were  enough  to  attain  the 
magnetic  limit,  the  nine  others  were  sur- 
plus. Also,  when  separated,  they  were 
found  nearly  demagnetized  ;  the  portative 
force  f  was  equal  to  300.  When  the 
group  was  remagnetized  with  its  contact 
applied,  the  force  became  F ;  it  was  equal 
to  700  kilogrammes ;  more  than  doubled. 
With  magnets  going  less  beyond  the 
normal  limit,  the  difference  between  F  and 
f  is  smaller,  but  always  considerable. 

V.  But  F  is  a  transitory  and  useless 
force,  as  it  disappears  on  first  breaking  con- 
tact. On  the  contrary,  f  is  a  permanent 
force  and  expresses  the  true,  always  dispos- 
able power  of  the  magnet.  We  must  seek 
to  increase  it,  which  can  be  done  with 
armatures  placed  in  a  certain  way. 

*  ''English  Mechanic,"  p.  30,  No.  418,  28th  March,  1873. 


In  fact,  let  us  fix  the  two  armatures  be- 
side each  other  in  the  position  they  ought 
to  occupy  when  the  magnet  will  be  mounted ; 
then  let  us  place  against  them,  one  by  one, 
the  plates  of  steel  separately  magnetized, 
as  was  done  before  with  the  contact.  If 
these  armatures  touch  each  other  they  will 
act  as  the  contact  itself  would  act,  that  is, 
they  would  conceal  all  the  magnetism  of 
each  plate.  Separating  them  little  by  lit- 
tle, and  more  and  more,  they  still  act  in  the 
same  way,  but  with  decreasing  energy. 
They  conceal  only  a  part  of  the  magnetism. 
The  rest  goes  to  the  exterior  surfaces.  The 
plates  partially  discharged  can  react  upon 
each  other;  they  lose  from  their  primitive 
magnetism,  but  less  than  without  the  arm- 
atures, and  so  much  the  less  as  these  shall 
be  separated.  If  we  then  apply  a  contact, 
we  have  a  portative  force  F,  less  than  Fx 
but  greater  than  f. 

VI.  To  justify  these  ideas  the  author 
mounted  a  magnet  of  45  plates  of  steel  so 
constructed  that  one  piece  could  be  adjust- 
ed after  the  other  on  two  iron  shoes  fixed 
one  beside  the  other  with  copper  stays. 
They  were  then  enveloped  with  two  spirals 
of  copper  wire.  Under  the  shoes,  of  which 
the  mass  was  independent,,  there  were  two 
iron  armatures  weighing  4  kgms.  each ; 
they  could  be  applied  or  taken  away,  and 
brought  near  or  distanced  in  a  groove  in 
which  they  were  made  to  slide.  After  the 
magnetization  with  these  armatures  and 
the  contact,  we  find  F  =  380  kgms.  The 
contact  having  been  broken  and  then 
restored,  the  force  becomes  Fx  =  260 
kgms.  Taking  away  the  armatures  re- 
duced the  magnetization  to  a  minimum  ; 
when  they  were  replaced  without  fresh  mag- 
netization, the  first  force  of  260  kgms.  was 
not  recovered,  but  only  170  kgms.  On  re- 
magnetization  with  the  armatures  replaced, 
but  without  contact,  260  kgms.  were  repro- 
duced. The  effect  of  the  armature  was  thus 
to  raise  it  from  170  to  260,  the  true  and 
permanent  force. 

The  following  proof  confirms  the  forego- 
ing:— A  small  proof  contact  is  suspended 
to  a  tray  of  a  balance  over  a  point  of  the 
polar  surface  taken  towards  its  interior 
edge,  and  the  force  for  breaking  this  small 
contact  is  measured  by  the  ordinary  method. 
After  a  preliminary  magnetization,  it  was 
equal  to  1,130  grammes. 

The  armatures  were  distanced  100  mille- 
metres  and  then  restored  to  their  first  posi- 
tion; but  the  1,130  grs.  were  not  recovered, 
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For  that,  it  should 


only  1,075  grs.  On  removing  the  armatures 
and  then  replacing  them  the  force  was  fur- 
ther reduced  to  925  grs.  It  is  thus  seen  that 
an  armature  increases  the  force  of  a  magnet, 
but  conditionally  that  it  be  applied  previous 
to  the  magnetization  ;  otherwise  it  weak- 
ens it. 

VII.  From  these  facts  we  may  deduce 
the  conditions  for  the  construction  of  a  mag- 
net, the  best  that  can  be  made  with  plates 
of  steel  and  of  a  given  length. 

1.  The  contact  should  conceal  the  whole 
of  the  magnetism  spread  over  the  exterior 
surface  of  the  magnet, 
be  of  a  sufficient  mass. 

2.  Thus  a  mass  being  given,  we  must  re- 
duce the  surface  of  adherence  until  we  per- 
ceive the  little  free  magnetism  that  the  ap- 
plication of  the  contact  leaves  upon  the 
magnet  increase. 

3»  When  the  length  and  breadth  of  the 
plates  are  determined,  their  number  should 
be  sufficient  to  make  a  little  of  the  magnet- 
ism appear  upon  the  magnet  when  the  con- 
tact is  applied.  It  the  number  be  less,  the 
limit  of  permanent  force  is  not  attained ;  if  it 
be  passed,  nothing  more  is  secured. 

4.  The  armatures  should  be  strong,  well- 
applied,  and  very  near  together;  never- 
theless their  weight  must  not  be  exces- 
sive. 

VJJLL.  These  conditions  established,  the 
author  thus  constructed  his  magnet: — Two 
armatures,  each  weighing  16  kgms.,  placed 
opposite  each  other,  are  solidly  fixed  with 
very  strong  copper  stays  ;  their  breadth  1 1 
centimetres,  their  polar  surfaces,  horizontal 
and  directed  towards  the  base,  12  centi- 
metres, their  transverse  thickness,  20  mms. ; 
they  were  well  dressed,  and  received  a  cubic 
contact  of  soft  iron,  weighing  13  kgms.  Pro- 


ceeding from  these  surfaces,  the  armatures 
rise  on  receding  from  each  other,  thin  off 
from  this,  and  terminate  with  a  sharp 
edge. 

They  are  reunited  towards  the  upper  part 
by  a  plate  of  steel  of  1.20  m.,  screwed  on 
their  exterior  surface  that  curves  freely 
round,  following  the  form  determined  by 
its  elasticity.  All  the  other  plates  previ- 
ously magnetized  are  placed  in  the  interior 
of  this,  one  after  the  other ;  left  to  them- 
selves, they  adhere  to  each  other,  whilst 
their  extremities  rest  upon  the  armatures ; 
as  their  number  augments,  the  portative 
force  increases  as  follows  : — 


n. 

F 

F, 

F-F 

20 

175k5. 

154kg. 

21 

30 

316 

280 

46 

50 

460 

376 

81 

45 

558 

460 

93 

50 

600 

475 

125 

00 

630 

495 

185 

The  portative  force  F,  which  is  measured 
after  the  first  breaking  of  contact,  is  always 
greater  than  F1?  which  is  the  permanent 
force.  The  difference  goes  on  increasing 
rapidly  up  to  40  or  45  plates.  At  this  mo- 
ment is  perceived  an  observable  quantity  of 
free  magnetism  on  the  extremities  of  the 
magnet  and  of  the  current.  From  40  to  55 
the  force  goes  on  increasing,  but  Fx  re- 
mains nearly  constant,  reaching  about  the 
limit  of  500  kgms.,  a  limit  that  cannot  be 
passed  in  the  given  conditions  of  armatures, 
contact,  and  steel.  Stopping  at  45  plates, 
the  total  weight  is  46  kgms ,  and  the  mag- 
net bears  16  times  its  weight ;  but  the  rela- 
tive quality  of  the  apparatus  diminishes 
rapidly  when  the  number  of  plates  is  in- 
creased from  this,  since  its  weight  augments 
more  rapidly  than  its  power. 


MANUFACTURE  OF  IRON  WITH  HOT  COKE  AND  GAS. 


From  "Tbe  Mining  Journal  "  (London). 


In  the  present  modes  of  using  fuel  used  I 
in  the  smelting   of  iron  ore  the  waste   of  i 
heat    is    enormous,    and    from    the   large 
quantity  of  iron  made  it  is  a  matter  of  very 
great  and  increasing  public  import  to  find 
a   remedy.     At   present   the  volatile  com-  j 
bustible  gases  are  by  the  heat  in  the  lower 
part  of  the  furnace  driven  off  unburn t,  or  i 
nearly  so,    and  the  nuisance  of  smoke  is  ! 
caused.     Where   the    coal   is    coked    these  i 
gases,  which  in   reality  constitute  the  most  | 


valuable  part  of  the  fuel,  and  a  considera- 
ble portion  of  the  fixed  carbon  of  the  coal, 
are  altogether  wasted  in  the  coke  oven  or 
open  kiln,  generaLy  at  once,  the  coal  being 
so  treated  immediately  on  being  drawn  out 
of  the  jut.  This  waste,  taking  the  calorific 
value  of  the  gas  into  account,  is  on  the 
average  fully  one-half  of  the  heating  value 
of  the  coal,  and  a  large  proportion  of  the 
iron  of  the  country  is  made  by  coke  fuel. 
When  the  coke  is  being  drawn  it  is  cooled 
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with  water,  and  thus  the  heat,  which  if 
made  available  would  materially  aid  in  the 
smelting  of  iron,  is  lost,  and  the  water  used 
in  cooling  is  to  some  extent  absorbed  by 
the  coke,  and  requires  to  be  evaporated  by 
heat  in  the  iron  furnace,  requiring  combus- 
tion of  fuel  to  do  so  ;  and  the  re-heating  of 
the  coke  before  it  can  enter  into  combus- 
tion also  requires  the  consumption  of 
fuel. 

By  the  present  modes  the  liquid  hydro- 
carbons obtainable  from  the  coal  are  also 
lost.  Thus  the  fuel  cannot  be  used  so  as 
to  obtain  the  advantage  that  will  arise 
from  the  immense  reducing  or  smelting 
power  of  the  concentrated  heat  of  the 
gaseous  or  volatile  and  liquid  combustible 
portion  of  the  coal,  and  the  improvement  in 
the  quality  of  the  iron  from  the  ore  being 
reduced  or  smelted  at  a  higher  tempera- 
ture from  the  consequent  more  thorough 
separation  of  the  earthy  part  of  the  ore  or 
slag,  and  also  the  improvement  of  yield  in 
the  ore,  as  from  the  higher  temperature  the 
slag  will  not  only  be  more  thoroughly 
separated  from  the  iron,  but  the  iron  will 
be  more  thoroughly  separated  from  the 
slag.  In  puddling-furnaces  the  gas  from 
the  coal  used  contains  a  considerable  por- 
tion of  the  sulphur  generally  contained  in 
tlte  coal,  which  passes  off  with  the  com- 
bustible gas  to  the  iron  being  puddled,  and 
a  considerable  portion  of  the  solid  part  of 
the  coal  is  necessarily  used  in  the  fires  of 
the  puddling-furnaces  simply  to  sustain  the 
fire.  The  combustible  gases  of  the  coal 
partly  pass  off  imperfectly  burnt,  causing 
not  only  the  nuisance  of  smoke  but  waste 
of  carbon,  and  there  is  the  expenditure  of 
much  heavy  hot  labor  in  firing. 

Such  being  the  views  entertained  con- 
cerning the  existing  processes  of  iron  metal- 
lurgy by  Mr.  W.  Mickle,  of  Tynemouth,  he 
proposes  to  treat  the  coal  by  dry  distillation 
in  retorts  similar  to  those  at  gasworks  in 
use  in  towns,  and  to  have  the  gasworks 
contiguous  to  the  smelting  furnace ;  the 
works  having  the  usual  plant  of  retorts,  gas 
holders,  etc.  And  he  recommends  that  the 
gas  should  also  be  purified  thoroughly,  as 
in  ordinary  gasworks.  To  economize  the 
heat,  and  to  have  the  immense  advantage 
of  smelting  the  ore  on  a  body  of  fuel 
thrown  into  the  furnace  hot  or  red-hot,  or 
approximating  to  red-heat,  he  draws  the 
coke  from  the  retort  at  the  red  or  white 
heat,  or  whatever  it  may  be,  into  iron  or 
other   suitable   tubs   or   carriages   without 


having  the  coke  i  made  cold  with  water  or 
without  cooling  it  with  water,  and  convey 
it  to  the  smelting-fnrnace  and  discharge  it 
into  the  furnace  as  fuel,  as  the  fuel  is  ordi- 
narily charged,  or  if  requisite  from  the 
heat,  by  engine  power.  With  this  he  com- 
bines the  use  of  the  coal  gas,  and  also  the 
naphtha  or  other  combustible  oil  or  spirit 
obtained  from  the  coal  used  for  smelting, 
the  gas  being  simply  pumped  from  the  gas- 
holder by  engine  power  through  pipes  and 
tuyeres  to  and  into  the  furnace  (in  a  similar 
way  to  the  air  pumped  from  the  blowing- 
engine).  If  the  said  liquid  hydrocarbons 
be  used  in  the  smelting-furnace,  they  corid 
be  similarly  pumped  from  a  tank  or  re- 
ceiver. He  recommends  that  the  gas  be  well 
purified,  and  also  that  valves  opening  to 
the  furnace  be  fixed  or  joined  into  the  pipes 
near  the  furnace,  so  as  to  prevent  any  re- 
turn air  getting  mixed  with  gas  in  the 
pipes,  and  causing  an  explosive  mixture. 
The  gas  not  used  in  the  smelting-furnace 
can  be  appropriated  to  the  usual  lighting 
and  heating  purposes,  and  the  liquid  hydro- 
carbons can  be  used  for  general  purposes. 

In  puddling  iron  he  distils  the  coal  in 
the  same  manner,  and  pumps  the  coal  gas 
as  fuel  from  the  gas-holder  through  pipes, 
and  also  the  air  required  for  combustion 
through  pipes  from  ordinary  blowing  appa- 
ratus similarly  to  that  for  smelting  into  the 
puddling-furnace  to  puddle  the  metal. 
He  recommends  the  gas  to  be  thoroughly 
purified,  and  the  air  and  gas  pipes,  etc  ,  to 
be  conveniently  small  and  numerous,  and 
well  mixed  together,  so  that  the  air  and 
gas  may  be  well  mingled  for  the  purpose 
of  obtaining  thorough  combustion.  Or  the 
air  may  be  supplied  as  at  present;  but  he 
recommends  it  to  be  pumped  through  pipes. 
The  gas  coke  can  be  used  for  smelting  or 
any  other  useful  purpose.  This  mode  will 
prevent  or  greatly  diminish  the  labor  of 
stoking  or  firing,  and  the  impurity  from 
the  coal  and  the  smoke,  and  also  the  waste 
before  named.  The  heating  of  the  air- 
blast  will  not,  he  thinks,  with  the  use  of 
the  coke  put  into  the  smelting-furnace  hot 
or  red-hot,  and  the  coal  gas  pumped  in  as 
above,  be  found  needful,  as  the  heat  will, 
independently  of  the  air  being  heated,  be  so 
great  that  the  heating  of  the  air  may  be 
dispensed  with.  The  air  might  be  heated 
at  option,  and  where  esteemed  convenient 
by  the  air-blast  pipes  being  passed  along  or 
round  the  retcrt  furnaces  or  flues  or  chim- 
neys, in  such  a  manner  as  to  get  the  benefit 
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of  the  waste  heat  from  them.  The  coal 
gas  will  for  pumping  require  to  be  cleared 
of  the  tar,  and  should  be  well  purified ; 
but  after  allowing  for  what  condensation 
these  require,  it  will  save  heat  by  pumping 
it  into  the  furnace  as  nearly  to  the  tempe- 
rature the  gas  leaves  the  retort  as  may  be, 
and  the  gas-holder  and  the  pipes  from  the 
retort  could,  if  thought  desirable,  be  covered 
with  felt  or  other  covering. 

The  retorts  may  at  option  be  heated  with 
the  smel ting-furnace  waste  gases,  or  the 
carbonic  oxide,  hydrogen,  etc.,  and  heat  of 
such  waste  gases.  The  retorts  may  als) 
be  so  heated  with  the  puddling-furnace 
waste  gases.  The  gas  engine  boiler  fires  if 
the  air-blast  engines  be  not  used  for  pump- 
ing the  gas  as  to  smelting,  or  if  pumps  be 
not  attached  to  other  engines  at  the  pud- 
dling-works,  can  also  be  so  heated.  The 
coal  gas  is  pumped  into  the  smelting-fur- 
nace  in  close  proximity  to  the  air,  so  as  to 
be  most  powerful  gas  blow-pipes,  and  to 
obtain  a  most  intense  concentrated  heat  in 
the  hearth  or  crucible.  And  he  believes 
that  from  the  use  of  coke  put  into  the 
smelting-furnace  hot,  and  the  use  of  the 
gas  as  before  named,  the  increment  of  heat 
in  the  furnace  will  be  very  great,  and  that 
consequently  on  this  the  flow  of  metal  will 
be  rapid,  and  the  produce  from  the  furnace 
much  increased.  The  calcining  of  ore  will 
not,  he  thinks,  with  the  charging  of  hot 
coke  into  the  smelting-furnace,  be  found 
requisite. 

After  allowing  for  the  fuel  required  for 
the  deoxidation  of  the  ore,  and  the  carbon 
of  the  fuel  necessary  for  the  carburization 
of  the  metal,  he  believes  that  with  the  in- 
tense concentrated  heat  from  the  gas  blow- 
pipes, and  the  use  of  coke  put  in  hot,  much 
weight  of  fuel  may  not  be  needed,  and  that, 
therefore,  the  enormous  weight  of  air  at 
present  used  for  combustion  will  be  greatly 
diminished,  and  a  great  saving  of  the 
engine  power  and  blowing  apparatus  for 
pumping  the  air,  and  the  fuel  and  labor 
used  for  such  engines,  will  be  effected. 
Although  it  may  be  found  advantageous  to 
have  large  furnaces,  yet  from  the  use  of  a 
mass  of  coke  thrown  into  the  furnace  hot 
the  produce  of  metal  from  the  furnace  will 
be  so  large  that  in  future  the  iron  smelting- 
furnaces  need  not  be,  he  thinks,  erected  so 
large  and  costly  as  at  present ;  smaller  and 
cheaper  ones  yielding  metal  in  large  quan- 
tities. 

The  intensity  and  increment  of  heat  by 


this  process  will  more  highly  liquefy  the 
metal  and  slag  in  the  iron  smelting-furnace, 
thus  more  thoroughly  separate  the  metal 
and  slag,  and  as  a  result  the  iron  will  be 
purer  and  better  in  quality,  and  more  yield 
from  the  ore  than  at  present.  He  believes 
that  with  this  process  a  great  deal  of  small 
and  inferior  gas  and  coking  coal,  hitherto 
found  unsuitable  for  iron  smelting,  will  be 
rendered  available  for  smelting.  Suppos- 
ing that  there  be  used  in  the  iron  smelting- 
furnace  to  make  a  ton  of  metal  25  cwt.  of 
coke,  and  5  cwt.  of  this  coke  be  absorbed 
or  required  in  deoxidizing  the  ore  and  car- 
buvizing  the  metal,  there  will  be  20  cwt. 
of  coke  for  combustion  with  the  air  pumped 
in,  and  about  8  tons,  or  about  240,000  cubic 
ft.  of  air  pumped  into  the  furnace  for  com- 
bustion with  the  coke,  about  three-fourth 
parts,  or  6  tons  of  such  air  will  be  nitrogen, 
which  is  not  only  non-combustible  but  re- 
quires heat,  and  consequently  the  consump- 
tion of  fuel  in  the  heating  stoves,  if  hot  air 
be  used,  and  in  the  blast-furnace  to  heat  it 
to  the  temperature  in  the  furnace  or  the 
hearth  of  the  furnace  ;  thus  about  6  tons  or 
about  one-half  of  the  whole  of  the  materials 
put  into  the  furnace  being  not  only  useless 
(excepting  perhaps  as  to  cyanogen)  but  de- 
tracting from  the  heat  of  the  furnace  and 
requiring  fuel  to  raise  its  temperature. 
The  use  of  coke  put  into  the  furnace  hot, 
which  heat  assists  in  the  smelting  of  the 
metal,  diminishes  the  air,  and  consequently 
the  nitrogen  required,  and  lessens  the  de- 
traction from  the  heat  in  the  hearth  caused 
by  the  nitrogen. 

Mr.  Mickle  is  of  opinion  that  on  smelters 
becoming  familiar  or  thoroughly  conversant 
with  his  process,  the  use  of  coke  put  in  hot, 
and  coal  gas,  will  from  the  intense  heat 
give  so  much  and  so  potent  a  command  over 
the  reduction  or  smelting  of  the  ore,  that  8 
to  10  cwt.  of  the  gas  produced  and  heated 
coke  may  be  found  sufficient  in  the  furnace 
for  fuel,  inclusive  of  what  is  required  for 
deoxidation  of  ore  and  carburization  of 
metal ;  if  so,  it  will  only  require  about  one- 
fourth  of  the  air,  or  about  2  tons,  thus  di- 
minishing the  available  air-blast  power 
required  three-fourths  ;  and,  as  before 
named,  he  believes  that  previous  calcining 
and  heating  stoves  may  not  continue  to  be 
used,  and  the  engine  boilers  and  retorts  may 
be  heated  with  the  furnace  waste  gases  ; 
the  general  result  would  be  that  the  metal 
may  be  smelted  with  the  total  consumption 
of  about  \  ton  of  coal.    And  supposing  that 


WHITTBREAD'S    SEWAGE    PROCESS. 


315 


on  the  average  there  be  now  used  to  make 
a  ton  of  metal  for  calcining,  engine  power 
for  pumping  the  air,  heating  the  air,  and 
smelting  the  ore,  about  8^-  tons  of  coal,  the 
net  saving  would  be  about  3  tons  of  coal  in 
making  1  ton  of  metal,  and  as  there  are 
now  making  in  this  country  nearly  or  about 
7,000,000  tons  of  pig-iron  annually,  the 
saving  at  the  present  rate  of  make  would 
be  nearly  20,000,000  tons  of  coal  annually, 
which  is  a  matter  of  very  great  and  increas- 
ing importance.  He  does  not  bind  himself 
to  the  extent  of  saving  mentioned,  but 
thoroughly  believes  it  will  be  so,  that  is, 
the  reduction  of  consumption  of  fuel  to 
about  10  cwt.,  or  the  general  saving  of 
20,000,000  tons  of  coal  on  the  present  make 
of  pig-iron  annually,  more  or  less,  or  ap- 
proximating to  it. 

It  is  claimed  that  the  process  will  enable 
iron  to  be  produced  much  cheaper,  nnd 
thus  stimulate  the  building  of  iron  ships, 
railways,  etc.,  and  generally  foster  the 
staple  industries  of  the  country,  as  well  as 
free  a  large  quantity  of  coal  for  domestic 
use,  which  is  much  needed,  and  which 
would  be  a  great  boon  to  the  poor  and  to 
the  public  generally.  When  conve  dent  it 
♦will  be  desirable  for  the  puddling-furnaces 
to  be  near  the  smelting  furnaces,  so  that  the 
heated  coke  made  in  distilling  coal  for  the 
gas  for  puddling  may  be  used  in  the  smelt- 
ing furnace,  and  thus  save  the  heat  of  the 


heated  coke  ;  and  also  that  the  air-blowing 
apparatus  attached  to  the  smelting-furnaces 
may  be  available  for  pumping  air  to  supply 
the   combustion    at   the  puddling  furnaces. 
When  the  coil  gas  is  well  purified  he  be- 
lieves it  to  be  a  very  pure  or  fine  and  su- 
perior description  of  fuel,  and  will  aid  in 
making  higher  class  iron,  whilst  coal  gas 
purified  as  ordinarily,  and  used  as  before 
named   for   puddling,    will   tend   to   make 
better  malleable  iron,  and  that  both  as  re- 
gards smelting  and  puddling  there  will  be 
much  more  command  over  the  heat  of  the 
furnace,   as   the  force  of  gas  and  air  and 
I  consequent  instantaneous   heat  can  be  in- 
creased when  desirable  by  accelerating  the 
j  motion  of  the  engine  and  pumping.    Where 
J  there  are  beds  of  iron  ore  at  a  distance  from 
!  coal,  as  for  instance  those  in  the  oolites  and 
lias,  he  considers  that  this  process  as  to  the 
j  fuel  will  be    of  great  value  in  developing 
them,  and  may  be  of  essential  import  where 
I  the  ore  is  at  present  considered  too  poor  to 
1  smelt,  because  he  believes  that  the  quantity 
of  fuel  required  will  be  relatively  small,  and, 
therefore,  the  cost  of  carriage  low,  and  the 
power  of  heat  great  over  inferior  ores.     In 
using  peat,  wood,  or  other  fuel  which  yields 
on  distillation  solid  and  gaseous  combust- 
ible products  economically,  and  in  sufficient 
quantity  for  iron  smelting  and  puddling,  he 
subjects  it  to  dry  distillation,  and  then  treats 
and  uses  the  combustible  products. 


WHITTBREAD'S  SEWAGE  PROCESS. 


From  "Engineering." 


In  several  preceding  articles  we  have  de- 
scribed a  variety  of  schemes  that  have  been 
proposed  to  treat  sewage  by  chemical  means, 
including  the  ABC,  the  Phosphate,  Dr. 
Anderson's,  and  others.  All  these  have 
been  put  on  their  trial,  and  have  in  nume- 
rous respects  been  found  wanting.  If  any- 
thing in  the  form  of  a  valuable  manure  has 
been  obtained,  the  resulting  effluent  has 
suffered  ;  if,  on  the  other  hand,  the  effluent, 
or  purified  sewage,  has  been  tolerably  good, 
then  the  manure  has  been  of  little  value. 
There  have  been,  therefore,  a  Charybdis 
and  a  Scylla  to  avoid  ;  and  some  of  these 
schemes  have,  therefore,  been  run  on  the 
rock  of  failure,  despite  the  careful  general- 
ship of  their  advocates.  Whittbread's  pro- 
cess promises  to  move  some  errors  of  those 
which   have   preceded    it.     The    following 


affords  an  account  of  its  chief  characteristics, 
for  which  we  do  not  hold  ourselves  re- 
sponsible. 

In  a  general  description  of  this  process 
the  patentee  states  that  its  object  is  to  re- 
move the  inorganic  impurities  of  the  sew- 
age'treated  by  chemical  precipitation,  and 
he  describes  the  results  as  producing  a 
really  valuable  manure  ;  while  the  effluent 
water  is  clean  and  inoffensive,  sufficient  to 
satisfy  the  demands  of  any  reasonable  river 
Conservancy.  Following  the  expression  of 
this  opinion,  it  is  stated  that  no  other 
chemical  process  of  treating  sewage  has 
resulted  in  precipitating  a  really  valuable 
manure,  giving  for  that  opinion  a  supposed 
fact,  that  no  process  has  been  efficacious  in 
precipitating  the  putrescible  organic  matter ; 
and   that    no    process    has    resolved    the 
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organic  nitrogen  in  solution,  which  the 
patentee  claims  to  have  accomplished. 

The  agents  which  he  employs  for  such 
treatment  of  sewage  are  entirely  recovered, 
besides  from  50  to  70  per  cent,  of  a  more 
valuable  manure,  in  the  form  of  a  mixed 
mass.  For  this  purpose  he  uses  a  solution 
of  dicalcic  phosphate  (a  phosphate  of  lime) 
in  a  water  solution  of  monocalcic  phosphate 
(or  superphosphate  of  lime).  A  small 
quantity  of  lime  (we  suppose  either  caustic 
or  slaked)  is  added  in  order  to  precipitate 
a  dicalcic  phosphate,  which  is  stated  to 
afford  a  chemical  fact  hitherto  unknown, 
that  of  a  combination  of  such  salt  with  the 
organic  nitrogen  in  solution  in  the  sewage. 
The  patentee  claims  that,  although  the  pro- 
cess, at  first  sight,  may  be  expensive,  it  re- 
covers nearly  double  the  weight  of  the 
chemicals  employed,  and  in  a  still  more 
valuable  form.  It  is  stated  that  the  mate- 
rials employed  can  be  cheaply  produced. 
It  would  seem  that  the  early  experiments 
have  been  made  by  calcic  phosphates  or 
superphosphates  of  lime  obtained  from  the 
ordinary  chemical  manufacturers  of  the 
latter  manure,  but  the  patentee  considers 
that  from  natural  deposits  of  the  phosphates 
of  lime,  and  from  other  sources,  he  may 
obtain  these  materials  at  much  less  cost 
than  the  first  experiments  incurred. 

Such  is  a  brief  resume  of  what  may  be 
termed  the  basis  of  this  "  dicalcic  phos- 
phate process."  Any  one  with  the  slight- 
est knowledge  of  chemistry  will  perceive  that 
it  is  merely  a  modification  of  the  Phosphate 
Sewage  Company's  process,  in  which  is  em- 
ployed a  natural  phosphate  of  alumina, 
which  is  subsequently  treated  with  sul- 
phuric acid,  to  set  free  a  certain  portion  of 
phosphoric  acid,  to  combine- with  the  lime 
added  at  a  certain  stage  of  the  process. 
Here  we  must  repeat,  what  we  have  before 
so  frequently  stated,  that  if  all  the  patentees 
for  the  chemical  treatment  of  sewage  were 
arranged  before  a  competent  tribunal,  we 
should  have  one  of  the  most  interesting 
trials  at  law  that  could  possibly  be  im- 
agined. The  chief  sufferers  would  be, 
ammonia  and  phosphoric  acid,  in  regard  to 
chemical  science ;  the  other  would  be  the 
reputation  of  those  chemists  who  took  part 
in  the  evidence ;  and  the  last,  the  poor 
shareholder  of  the  advocating  companies, 
who  have  all  tried,  by  the  investment  of 
capital,  to  prove  that  truth  or  science  is 
false,  and  that  the  laws  imprinted  on 
nature  are  as  tortuous  as  the  flexibility  of 


man's  interest  demands.  To  put  the  mat- 
ter, indeed,  in  a  common-sense  point  o* 
view,  the  patentees  of  most  of  the  chemical 
sewage  schemes  have  undertaken  to  invert, 
in  the  majority  of  cases,  the  well-ascer- 
tained laws  of  natural  and  chemical  philo- 
sophy to  prove  the  truth  of  their  individual 
schemes. 

But  the  position  of  Whittbread's  process 
is  fortified  by  the  following  statement, 
which  has  been  placed  in  our  hands,  as  the 
result  of  experiments,  and  the  reports  of 
certain  officials.  We  copy  that  statement 
nearly  verbatim.  The  Liverpool  sewage 
was  treated  in  the  presence  of  Dr.  French, 
the  medical  officer  of  the  borough,  and  Dr. 
Campbell  Brown,  the  borough  analyst; 
the  experiment  was  tried  on  two  tons  and  a 
half  of  sewage.  The  precipitate  contained 
39  per  cent,  of  phosphate  of  lime  and  4.75 
per  cent,  of  ammonia.  This  manure  would, 
therefore,  have  been  worth  £6  to  £8  per 
ton  (a  rather  wide  margin).  There  was 
upwards  of  50  per  cent,  more  weight  of 
dried  manure  than  of  chemicals  employed ; 
thus  one  ton  of  chemicals,  costing  £4  10s., 
would  produce  \\  tons  of  manure,  worth 
£9  to  £12.  In  another  experiment,  1  ton 
17  cwt.  of  manure  was  obtained  by  the  use 
of  one  ton  of  chemicals.  The  manure  con- 
tained 28  per  cent,  of  phosphate  of  lime  and 
3.8  per  cent,  of  ammonia.  Giving  an  esti- 
mated chemical  value  of  £5  8s.  to  £6  16s. 
per  ton.  It  is  stated  that  the  effluent  water 
in  both  cases  was  almost  entirely  free  from 
putrescible  organic  matter,  and  inoffensive. 

The  following  results  were  reported  by 
Dr.  Corfield  on  a  large  experiment  carried 
on  at  the  sewage  farm  at  Romford,  Essex. 
He  stated  before  the  British  Association 
that  Whittbread's  process  had  been  exam- 
ined by  the  Sewage  Committee  on  a  suffi- 
ciently large  scale  to  test  its  merits.  The 
process  consisted  of  adding  to  the  sewage  a 
mixture  of  two  equivalents  of  dicalcic  phos- 
phate, with  one  equivalent  of  monocalcic 
phosphate,  the  latter  being  added  in  the 
form  of  commercial  superphosphate.  Milk 
of  lime  was  afterwards  added.  The  result- 
ing precipitate  was  very  rapid,  and  the  su- 
pernatant water  clear  and  inoffensive.  The 
general  result  was  that  the  suspended  mat- 
ter was  removed,  and  that  the  organic  mat- 
ter was  also  nearly  eliminated.  The  am- 
monia in  the  sewage  was  slightly  increased, 
and  a  certain  quantity  of  phosphoric  acid 
remained  in  solution  in  the  effluent  water. 
The  committee  of  the  British  Association 
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very  wisely  considered  that  a  single  experi- 
ment was  by  no  means  conclusive.  The 
most  important  results  obtained  was  the 
precipitation  of  a  large  amount  of  phosphate 
of  lime,  aud  in  the  case  of  this  experiment, 
the  retention  of  3  per  cent,  of  ammonia  in 
the  resultant  manure.  An  analysis,  by  Dr. 
Russel,  of  the  process,  showed  the  following 
results.  In  the  original  sewage  there  was 
nitrogen  in  the  organic  matter  equal  to 
6.204,  which  was  reduced  in  the  effluent  to 
0.17.  The  precipitate  contained  17.87  per 
cent,  of  phosphate  of  lime  ;  phosphate  of 
iron  and  alumina  5.94;  and  ammonia  about 
3  per  cent.,  giving  a  value  of  about  £'6  per 
ton.  In  an  experiment  at  Buckhurst  Hill 
on  84,375  gallons  of  sewage  it  was  found 
that  in  100,000  parts  of  raw  sewage  there 
were  62.50  parts  of  organic  matter.  The 
effluent  water  contained  but  10  grains, 
hence  showing  a  removal  of  52^  grains. 
The  actual  quantity  gained  in  the  manure 
was  42-t  grains.  The  total  amount  of  chem- 
icals used  was  about  84  lbs.,  and  the  result 
was  the  production  of  3  cwt.  of  drained 
mud,  affording  128  lbs.  of  dried  manure. 
In  the  effluent  there  was  no  trace  of  albu- 
menoid  ammonia  ;  the  amount  of  ammonia 
in  the  manure  was  3  per  cent.,  giving  a 
value  of  about  £5  per  ton.  There  was  no 
odor  perceptible  during  the  operation,  nor 
offensive  smell  given  off  during  the  drying 
process.     The  precipitate  was  thrown  down 


in  a  flocculent  form,  and  not  in  a  kind  of 
gelatinous  condit  on,  as  afforded  by  other 
processes.  It  appears  that  the  precipitate 
is  easily  dried,  either  by  exposure  to  the  at- 
mosphere, or  by  artificial  heat. 

The  preceding  description  would  seem  to 
show  that  at  least  one  really  practicable 
means  of  dealing  with  sewage  by  chemical 
treatment  has  been  discovered ;  but,  in  the 
words  of  Yirgil,  we  fear  the  Greeks,  even 
when  giving  gifts.  The  promises  held  out 
by  this  process  are  excellent,  but  our  past 
experience  leads  us  to  hesitate  in  accepting 
them.  The  analogies  of  physiology,  so  far 
as  the  formation  of  bone  in  animals,  seem 
to  lead  to  the  hope  that  this  so-called  "  di- 
calcic  phosphate"  process  may  have  at  least 
a  theoretical  prospect  of  success,  but  at 
present  the  commercial  result  has  to  be 
tested  on  a  much  larger  scale  than  has  hith- 
erto been  attempted,  and  until  that  is  effect- 
ed its  value  can  only  be  a  matter  of  pure 
guess-work.  We  trust  that  the  patentee 
will  make  such  a  trial  as  will  not  be  simply 
affirmative  of  the  statements  already  issued 
in  favor  of  the  process,  but  also  as  afford- 
ing sufficient  data  on  which  to  found  a 
really  reliable  chance  of  proving  its  gen- 
eral applicability  to  sewage  of  all  kinds. 
Rich  or  poor  sewage  may  be  treated  with 
such  opposite  results,  both  chemical  and 
commercial,  that  at  present  the  solution  of 
the  sewage  question  remains  open. 


SOME  EXPERIMENTS  UPON  THE  TRANSVERSE  STRENGTH  OF 
SOLID  CYLINDERS  OF  WROUGHT  IRON. 


By  J.  LEE  MARSH. 


Written  for  Van  Xostrand's  Magazine. 


Having  occasion,  in  designing  a  railway 
bridge,  to  determine  a  coefficient  for  the 
safe  centre  load  of  horizontal  solid  cylinders 
of  wrought  iron,  I  consulted  Mr.  John 
C.  Trautwine's  "  Civil  Engineer's  Pocket 
Book." 

The  coefficient  for  the  quiescent  breaking 
loads  of  rectangular  beams  of  w-rought  iron, 
supported  horizontally  at  both  ends  and 
loaded  at  the  centre,  is  given  by  Mr.  Traut- 
wine  as  2,400  lbs.  average;  the  elasticity, 
he  adds,  is  injured  at  about  -^  of  the  above 
load.  The  strength  of  a  cylindrical  bar, 
with  diameter  equal  to  the  side  of  a  square 
bar,  is  given  as  .589  of  the  latter. 

With  these  figures  I  found  that  my  safe 


centre  load  for  a  cylindrical  bar  2  in.  in  di- 
ameter and  2  ft.  between  supports,  was  but 
3,840  lbs.  Thinking  this  result  not  quite 
satisfactory,  I  proceeded  to  test  the  behav- 
ior of  cylindrical  bars  under  the  above- 
named  conditions. 

In  my  experiments  the  stress  was  weighed 
upon  a  Fairbanks'  platform  scale,  the  load 
used  being  pig  iron  applied  at  the  end  of  a 
lever.  In  applying  and  removing  the  load 
considerable  vibration  was  produced ;  prob- 
ably not  less  than  the  bar  would  be  subjec- 
ted to  in  a  railway  bridge. 

The  result  of  my  experiments,  given  be- 
low, may  be  of  interest  to  others  engaged  in 
pursuits  similar  to  my  own. 
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FIRST    EXPERIMENT.  » 

Elmira  Boiling  Mill  Company's  merchant 
bar  (rough,  but  straightened  by  planing 
slightly  on  the  bottom  side),  1J  in.  diame- 
ter and  2  ft.  between  supports,  loaded  at 
the  centre  with  load  of 

5i  Olbs.  deflected     03  inches. 

1000  lbs.         "         06     " 

loOOlos.         "  09     " 

On  removing  the  load,  no  set  was  found 
to  have  taken  place ;  2,000  lbs.  "was  then 
applied  and  left  on  the  bar  for  the  space  of 
an  hour,  the  bar  deflecting  .125  in.  On 
removing  the  load  the  bar  retained  a  set  of 
.005  in. ;  2,500  lbs.  were  then  applied,  witb 
a  deflection  of  .5  in  and  a  set  of  .37  in. 

SECOND  EXPERIMENT. 

Elmira  Rolling  Mill  Company's  merchant 
bar  (treated  as  above),  2  in.  diameter,  2  ft. 
between  supports,  and  loaded  at  the  centre 
with  load  of 

500 lbs.  delected 01  ircb.es. 

luUUh.S.         "  .02     '* 

loOUlbs.         "         03     " 

2000  li)S.         "         04     " 

25:  Oil  s.         "  05     " 

300  Jibs.         "         0J     " 


3500  lbs.  deflected .07  inches. 

40001ba        "        08     " 

45ii0li)S.         "         09     '• 

5000  lbs.        "         1       " 

At  this  point  the  load  was  removed,  but 
no  set  was  visible.  A  load  of  5,500  lbs. 
was  then  applied,  the  deflection  being  .11. 
in.,  but  with  6,000  lbs.,  the  deflection  in- 
creased to.  125  in.,  showing  the  elastic  limit 
to  have  been  p  issed.  On  removing  the 
load  the  set  was  found  to  be  .0075  in.  The 
bar  was  again  loaded  with  6,500  lbs.,  de- 
flecting .16  in.,  and  with  7,000  lbs.  the  de- 
flection reached  .23  in.,  leaving  a  set  of 
.11  in. 

I  assume  that  in  these  experiments  the 
loads  representing  the  elastic  limits  of  the 
bars  tested  are  for  the  first  1,750  lbs.,  and 
for  the  second  5,500  lbs. 

Then  in  the  formula 

.      ,        arfa  x  rl^ntri  x  coefficient 
load  =  ' 

iellgUi  OetWtcU  bVLy purls 

the  coefficient  of  strength,  within  the  limits 
of  elasticity,  for  solid  cylindrical  bars  of 
wrought  iron  supported  horizontally  at  both 
ends  and  loaded  at  the  centre,  is  1,760 
nearly. 


HYDRODYNAMIC  FORMULAE. 


From  "  Engi 

Those  that  conscientiously  wish  to  choose 
and  employ  in  practice  a  formula  that  will, 
from  given  hydraulic  data  of  a  river,  canal, 
sewer  or  pipe,  give  its  true  mean  velocity  of 
discharge,  and  hence  the  actual  discharge 
accurately,  have  a  difficult  task  before  them. 
The  science  of  hydrodynamics  being  yet 
little  more  than  experimental,  the  conscien- I 
tious  investigator  has  to  study  the  works  of 
a  vast  number  of  writers  on  this  subject,  a 
large  proportion  of  which  are  foreign. 
Again,  should  the  engineer  prefer  making 
personal  inquiries  among  his  engineering 
friends  as  to  the  practice  usually  adopted 
to  obtain  rapidly  and  conveniently  a  result, 
which    at   the    outset   might   appear  very 


smipj 


he  discover.^  that  some  of  his  friends 


adhere  invariably  to  the  tables  and  formulas  of 
one  author,  and  some  to  others.  An  exami- 
nation of  these  tables,  and  the  formulae  on 
which  they  are  based,  shows  them  to  differ 
to  an  extraordinary  degree.  AYhat  then 
remains  to  be  done  before  choosing  and 
adopting  a  formula  for  ordinary  use  ?    Evi- 


neering." 

dently  a  careful  tabulation  of  the  results  of 
various  formulae  in  comparison  with  actu- 
ally measured  discharges. 

To  begin  then  with  rivers  : 

In  two  smaller  cases  the  comparisons  were 
made  by  Mr.  David  Stevenson,  and  are  re- 
corded by  him. 

1.  For  a  small  stream  of  24  cubic  ft.  per 
second.  Mr.  David  Stevenson  made  care- 
ful measurements,  and  velocity  observations, 
and  compared  the  measured  results  with 
the  results  of  formulae,  thus  : 

1.  Measured  discharge 24.22 

2.  Hy  formula  of  Duuuat 32.5') 

3.  B\-  R  ibison's  formula 06 'JO 

4.  By  Ellet's  formula 4ti.j| 

5.  By  B^ardmore's  Tables 3*. 92 

6.  By  Downing's  formula,  coefficierr  1.00    41. "23 

7.  By  Leslie's  formula,  coefficient  .08 28.01 

2.  For  a  river  of  2,424  cubic  ft.  per  second. 
Mr.  David  Stevenson  and  Dr.  Anderson 
made  velocity  observations  on  the  Tay,  at 
Perth,  and  the  comparisons  are  thus  : 

1.  Measured  discharge 2123 

2.  Bv  formula  of  Dubuat 2987 
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3.  B v  Robison's  formula . .  2560 

4.  By  Ellet's  formula 2033 

5.  By  Iieardmore's  tabular  formula 26n9 

6    By  Downing's  formula,  coefficient  1.00 2769 

7.   By  Leslie's  formula,  coefficient  .68 2083 

It  is  unfortunate  that  in  these  two  cases 
the  hydraulic  data,  which  would  enable  us 
to  extend  the  comparison  to  other  formulas, 
are  not  given. 

3.  For  a  large  river  of  31,864  cubic  ft. 
per  second.  The  Great  Nevka  had  its  data 
measured  by  Mr.  Destrem,  as  follows  : 

Area  of  section 15,554  width  881 

Discharge 31,864  perimeter  893 

Mean  velocity 2  0486  maximum  depth     21 

Slope 00001487 

The  following  are  results  due  to  these  data 
formulae   for 


calcu'ated    by  various 
velocity  of  discharge  : 


mean 


Measured  discharge 31,864 

Young's  coefficient   21,102 

Eytelwein's  coefficient 23,389 

Downing's  coefficient 25,031 

Dubuat's  formula 16,931 

Girard's  formula         22,491 

De  Prony's  canal  formula 22.357 

Young's  formula 19,777 

Dupuit's  formula 23,546 

St  Venant's  formula 21,811 

Ellet's  formula 13,X07 

Mississippi  new  formula 39,938 


4.  For  a  very  large  river,  the  Mississippi 
at   Carrolton,   the   measured  data   at 
water  in  1851  were  : 


high 


Area  of  section 193,968  width  2653 

Discharge 1,149,998  ^    perimeter  2693 

Mean  velocity 5.928-*  maximum'  depth    136 

Slope 00002051, 

and  the  corresponding  results  which  are 
kept  in  terms  of  mean  velocity  to  reduce 
figures  : 

1. 

2. 
3. 

4 
5. 
6. 


Measured 5.9288 

Y'oung's  coefficient 3.2400 

Eytelwein's  coefficient ,\ 3.5898 

Downing's  coefficient. 3. 8 134 

Dubuat's  formula 2.7468 

Girard's  formula 4.8148 

De  Prony's  canal  formula 3.7271 

Young's  formula 3. 2741 

Dupuit's  formula 4.8752 

St.  Tenant's  formula 3-4907 

Ellet's  formula 3.0451 

Mississippi  new  foimula 5.8903 


A  careful  examination  of  these  results  in 
four  cases  of  rivers  cannot  fail  to  be  instruc- 
tive ;  but  before  entering  into  comment  on 
the  discrepancies  and  their  peculiarities,  let 
us  also  examine  the  following  list  of  total 
discrepancies  of  mean  velocity  in  thirty  cases 
of  rivers,  streams  and  canals  of  all  sizes. 
given  by  Captain  Humphreys  and  Abbot  in 
the   Mississippi  Report.     They  would,    no 


doubt,  be  more  instructive  were  the  cases 
classified  as  to  size,  but  even  masked  up  as 
they  are,  the  comparisons  are  still  instruc- 
tive. 

The  total  discrepancies  are  : 


1    Measured  mean  velocity   of  discharge  d's- 

crepancy  ..." 0. 

2.  Young's  coefficient 32. 

3.  Eytelwein's  coefficient   28. 

4.  Downing's  coefficient 26. 

5.  Duliuat's  formula * 40. 

6.  Girard's  formula 37. 

7.  De  Prony's  canal  formula 28. 

8.  Young's  formula 3b. 

9.  Dupuit's  formula 25. 

10.  St.  Venant's  formula 30. 

11.  Ellet's  formula         45. 

12.  Mississippi  new  formula 6 


9420 
4411 
6988 
4117 
4472 
<J905 
3S34 
1488 
6619 
3547 
39i0 


From  this  last  table  of  discrepancies  it 
appears  that  the  Mississippi  new  formula 
is  by  far  the  most  correct,  and  alter  it  the 
formulae  of  Dupuit  and  Downing,  whi^e 
the  two  worst  are  the  formulas  of  Ellet  and 
Dubuat ;  but  then  it  must  be  remembered 
that  the  greater  number  of  the  thirty  cases 
are  those  of  large  and  very  large  rivers. 

In  the  fourth  of  the  pre  vie  us  cases,  a 
very  large  river,  the  Mississippi  new  for- 
mula is  by  far  the  most  correct,  and  then 
come  in  order  of  correctness,  Dupuit,  Girard 
and  Downing,  while  Ellet  and  Dubuat  are 
again  the  worst.  In  the  third  case  Down- 
ing is  most  correct,  then  Dupuit,  afterwards 
the  Mississippi  new  formula,  Ellet  and  Du- 
buat again  the  worst.  In  the  second  case 
Ellet  and  Dubuat  remain  the  worst,  and 
the  best  are  Robison,  Beardmore,  and 
Downing.  In  the  first  case  Leslie  and  Du- 
buat are  best,  and  Downing  worst. 

It  will  be  understood  that  the  formula 
mentioned  as  Downing's,  being  more  fa- 
miliar to  many  under  that  name,  is  really 
that  of  D'Aubuisson,  but  applied  to  English 
measures. 

The  inevitable  conclusion  from  all  the?  e 
comparisons  is  that  no  one  formula  is  cor- 
rectly applicable  to  rivers  of  different  sizes, 
nor  holds  its  own  equally  as  regards  cor- 
rectness throughout.  Eor  the  few  and  spe- 
cial ca&es  in  which  the  discharge  of  an 
extremely  large  river  is  required,  the  Mis- 
sissippi new  formula  would  necessarily  be 
used,  in  spite  of  its  form  being  rather  un- 
wieldy ;  and  in  the  same  way  Dupuit's  for- 
mula for  a  large  river.  But  for  ordinary 
general  purposes  the  thing  that  the  practi- 
cal hydraulic  engineer  requires  is  a  formula 
tolerably  well  suited  to  all  cases  and  of  a 
simple  form,  so  as  to  admit  of  easy  rapid 
calculation.     The  most  simple  type  of  lor- 
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mula  is  that  of  Downing  or  D'Aubuisson, 
which  gives  for  mean  velocity  of  discharge 

V  =  ICO  (R  S)2 
where  U  =  wean  hydraulic  radius 
and  8  =  mean  hydraulic  slope 

and  this,  too,  is  the  formula  shown  to  have 
been  generally  the  most  correct  throughout 
all  the  comparisons  and  discrepancies,  fail- 
ing only  in  the  very  smallest  streams,  and 
evidently  worse  according  as  the  stream  or 
discharge  is  less  ;  this,  then,  is  evidently  the 
best  formula  for  general  purposes,  and 
simply  requires  modification  by  experimen- 
tal coefficients  to  answer  all  ordinary  re- 
quirements. 

The  formu1^  of  Young,  Neville  Eytel- 
wein,  Beardmore,  Stevenson,  and  Leslie,  all 
belong  to  this  type,  merely  using  other  nu- 
merical coefficients  instead  of  100. 

Putting  Downing's  formula  into  the  gene- 
ral form 

V  =  c  x  100  (R  S) i 
where  c  =  1  according  to  Downing, 

the  values  of  c,  according  to  the  other  for- 
mulae of  the  same  type,  are  thus  : 

c= 

Younsr,  for  large  streams 843 

Neville,  rivers,  velocity  •<  1.5  ft 923 

"         >  15ft 9  3 

Eytelwein,  generally 934 

Beardmore,  open  channels 942 

Stevenson,  for  rivers  of  30  cubic  feet 69u 

"  ■«  2500  cubic  feet .960 

Leslie,  small  streams 68U 

''      large  streams    1. 

Downing  1 

Taylor  ^  for  open  channels. 1, 

D  Aubuisson    ) 

From  the  comparison  of  the  results  of 
the  formulae  containing  these  coefficients 
we  are  then  able  to  tabulate  values  of  c 
that  will  be  practically  correct ;  and  when 
suitably  applied  to  the  general  formula  can- 
not fail  to  answer  all  ordinary  purposes. 

The  comparisons  before  mentioned  show 
that  Downing's  coefficient  1.00  gives  too 
small  results  in  cases  when  the  area  ex- 
ceeds 7,000  sq.  ft.,  with  a  mean  velocity 
of  2.5  ft.,  or  a  discharge  of  17,500  cubic 
ft.  per  second,  and  too  large  results  for 
cases  of  smaller  data ;  that  the  Eytelwein 
coefficient  .934  in  the  same  way  is  too  small 
above  and  too  large  below  discharges  of 
about  2,000  cubic  ft.  per  second ;  and  the 
Young  coefficient  .843  is  incorrect  for  every 
thing  above  900  cubic  ft.  per  second  ;  also 
that  for  petty  streams  of  25  cubic  ft.  per 
second,  a  coefficient  of  about  .000  is  toler- 
ably correct. 

It  is  evident,  then,  that  with  a  very  large 


number  of  cases  of  carefully  measured  dis- 
charge, this  principle  of  determining  prac- 
tical coefficients  in  relation  to  approximate 
volume  or  velocity  might  be  carried  out  to 
further  exactness,  and  it  is  very  desirable 
that  this  should  be  done. 

In  the  mean  time,  however,  by  making 
use  of  such  cases  as  we  happen  to  have,  the 
suitable  values  of  the  practical  coefficient  c 
will  be  as  follows : 

By  volume  for  regular  channels  in  good 
order, 

c  = 

Large  rivers  of  17.000  cubic  feet  per  second l.cO 

Ordinary  rivers  of  2,500     kt  "        '*         95 

11  "         2,000     "  "        "  93 

Small  rivers,  1,000  cubic  feet  per  second 85 

Small  streams,  100  "  "  75 

By  velocity  for  regular  channels  in  good 

order, 

c= 

Rivers,  velocity  exceeding  3  ft.  per  second 1.00 

1.5  ft.         "  94 

"  "         ,25  ft.         "  72 

Canals,  cuts,  culverts  of  trood  masonry 3 .00 

"       earthen,  in  good  :rder 92 

"       after  wear 90 

By  the  application  of  coefficients  on  this 
principle  we  may  then  obtain  in  any  case, 
results  not  more  than  2  or  3  per  cent,  from 
absolute  exactitude,  a  great  advantage  and 
improvement  on  the  very  large  errors  that 
would  be  made  by  adhering  either  to  any 
of  the  tables  or  formulaa  yet  known. 

Allowance  for  irregularities,  lateral  bends, 
and  so  forth,  can  be  made  independently 
of  this  coefficient,  as  would  be  done  in  any 
case. 

To  apply  this  same  principle  to  dis- 
charges through  pipes,  taking  the  same 
general  formula, 

V  =  c  X  100  (K.  S.  * 

As  this  formula  becomes  more  convenient 
in  practice  in  terms  of  the  diameter  of  the 
pipe  (d)  it  becomes,  for  full  cylindrical  pipes 

d 

and  tubes' where  E=  ~~ 
4 

V=^  X  50  (dS)^- 

And  again  as  the  actual  discharge  is  the 
quantity  most  often  wanted,  this  is 

Q  =  A«  =  cX  .7854  a2  x  50  ^S  d)< 
=  c  X  39.27  (Sd6)i 
and  transposing  this  to  obtain  diameters 

«—(£)*• 

Taking,  then,  an  example  to  obtain  com- 
parisons with  the  discharges   obtained  by 
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calculation  with  the  formulae  of  other  well- 
known  authors. 

Let  Q  =  18.57  cubic  feet  per  second 
S  =  l  in  12,6, 

and  the  results  are  for  diameter  : 

1.  By  Dubuat's  formula 33.74 

2.  BV  Neville,  coefficient  .228 36.80 

3.  liy  the  above  formula,  coefficient  3.2 37.12 

4.  Young's  moditicai ion  of  Eytehvein 37.17 

5.  Beardmore,  coefficient  .23o 37  92 

6.  Hawksley  (in  Box's. tables) 39.59 

7.  De  Prony  and  Darcy  47  71 

8  De  Pronv's  modification  of  Dubuat 48.16 

9.  Gerney." 48.84 

Besides  these  there  are  very  many  au- 
thors that  would  give  results  for  diameter 
very  much  below  that  of  Young,  and  many 
of  them  are  complicated  and  inconvenient. 
It  appears  that  none  of  these  formulae  ap- 
ply equally  well  to  both  high  and  low  velo- 
cities of  discharge,  although  it  is  unfortu- 
nate that  a  sufficiently  large  number  of  data 
are  not  forthcoming  to  determine  correctly 
the  limits  at  which  it  would  be  advisable  to 
change  the  coefficient. 

The  formula  given,  viz.  : 

or, 

v  =cXl00  (RS)i 

seems  to  hold  its  mean  of  correctness  about 
as  well  as  any  of  the  other  formulae,  and 
perhaps  for  the  present  it  will  be  as  well  to 
adhere  to  it,  as  in  the  case  of  rivers  and 
canals ;  to  modify  it  the  following' few  values 


of  practical  coefficients,  or  values  of  c,  may 

be  useful. 

c= 

Pipes  with  very  hijrh  velocities 1.  *  0 221 

"  hisrh  velocities 1-00 230 

"  velocities  1.5  ft.  per  second.     .96 231 

"  "  1.0        "  .     .95 2*5 

11  lower  velocities 93 236 

The  latter  coefficients  are  for  the  trans- 
posed equation  for  obtaining  diameters. 

It  is,  perhaps,  hardly  necessary  to  remark 
that  for  old  or  rusty  pipes,  or  for  any  ab- 
normal state  of  the  interior  of  pipes,  further 
modification  would  be  requisite  in  order  to 
determine  discharges  accurately;  but  this 
would  be  necessary  whatever  formula  might 
be  adopted. 

The  absolute  necessity  of  adhering  to 
some  such  principle  as  the  foregoing  for 
obtaining  discharges  even  approximately 
correct,  has  been  shown  by  the  foregoing 
data,  and  the  type  adopted  has  the  advan- 
tage of  extreme  simplicity.  Tables  giving 
the  values  of  the  general  formula  adopted 
are  given  by  one  or  two  authors,  and  the 
judicious  application  of  the  suitable  co- 
efficient is  then  all  that  is  required  in  prac- 
tice. This  investigation  will,  it  is  hoped, 
save  labor  to  those  entering  newly  into  the 
subject,  and,  besides,  point  out  to  others 
that  are  more  experienced,  the  extreme  fal- 
lacy of  adhering  to  any  one  author,  or  set 
of  tables  or  formulae,  whether  Neville, 
Beardmore,  or  Box,  as  well  as  provide  them 
with  a  convenient  substitute  that  insures 
practical  accuracy  of  result. 


ON  SUBSTITUTES  FOE  COAL  IN  THE  PKODUOTION  OF  ILLUMI- 
NATING GAS.* 

By  HENRY  GORE. 
From  "The  Journal  of  Gas  Lighting,  Water  Supply,  and  Sanitary  Improvement." 


The  recent  extraordinary  advance  in  the 
prices  of  coals  used  in  the  manufacture  of 
gas  has  induced  several  persons  to  turn 
their  attention  to  the  possibility  of  employing 
other  substances  than  coal  for  the  produc- 
tion of  illuminating  gas,  and  within  the  last 
12  or  18  months  a  number  of  suggestions 
have  been  made,  and  not  a  few  patents 
taken  out  for  inventions,  each  of  which 
claims  to  have  discovered  the  means  by 
which  the  desired  end  may  be  arrived  at. 
The  author  of  this  paper  proposes  to  lay 


*  A  paper  read  hefore  the   British  Association  of  Gas  Mana- 
gers. 

Vol.  IX.— No.  4—21 


before  the  members  of  the  association  a  brief 
history  of  what  has  been  accomplished  up 
to  the  present  time  in  endeavoring  to  pro- 
duce illuminating  gas  from  other  substances 
than  coal,  pointing  out  in  passing  what 
he  believes  to  be  the  comparative  value  of 
the  several  processes,  and  also  endeavor  to 
give  some  reasons  why  such  processes  have 
not  come  into  general  use. 

Before,  however,  proceeding  to  describe 
the  various  contrivances  that  have  been 
from  time  to  time  brought  forward  to  super- 
sede the  use  of  coal  in  the  production  of 
artificial  light,  the  author  would  beg  to  call 
attention   to   some   conditions    which    are 
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essential  in  estimating  the  value  of  any  sub- 
stance that  is  proposed  to  be  employed  to 
furnish  light.  These  conditions  may  be 
broadly  stated  as  follows  : — 

1.  That  by  combustion  of  the  body  a 
sufficient  degree  of  heat  be  evolved  to 
maintain  continuous  combustion. 

2.  That,  when  the  burning  body  is  a 
solid,  it  can  be  easily  converted  into  vapor 
previous  to  its  complete  combustion,  as 
otherwise  no  flame  is  generated  which  is 
absolutely  required  for  the  purpose  of  illumi- 
nation. 

3.  That  the  burning  body  evolve  in  the 
flame  solid  matter  or  very  dense  vapors, 
as  an  essential  condition  of  the  illuminating 
property  of  the  flame. 

4.  That  either  the  body  itself  or  the  raw 
material  from  which  it  is  obtainable  be 
present  in  large  quantity  and  readily 
accessible. 

5.  That  the  products  of  combustion  be 
gaseous  and  harmless  to  the  health. 

It  is  a  generally  known  fact  that  any 
great  accumulation  of  heat  imparts  to 
bodies  the  property  of  emitting  light.  This 
is  more  conspicuous  in  solid  and  fluid  bodies, 
because  their  molecules  are  placed  more 
closely  together  than  is  the  case  in  gases 
and  vapors  ;  thus,  at  a  temperature  of  1,000 
deg.  Fahr.  a  solid  body  becomes  red  hot,  at 
a  little  over  1,800  deg.  white  heat  or  perfect 
incandescence  occurs  ;  but  a  gaseous  body 
heated  to  these  degrees  of  temperature 
would  only  emit  a  very  feeble  light.  In 
order  to  render  a  gaseous  body  luminous 
during  its  combustion,  it  should  contain  the 
vapors  of  some  of  the  higher  class  of  hydro- 
carbons, and  that  the^e,  becoming  white 
hot,  should  yield  light.  A  combustible 
gas  may  be  used  to  ignite  solid  matter 
accidentally  placed  within  its  flame,  and 
thus  produce  light,  as  in  the  case  of  a 
coil  of  platinum  wire  exposed  to  the 
flame  of  hydrogen  gas,  or  a  cylinder  of 
lime  or  magnesium  in  the  oxy-hydrogen 
flame ;  but,  as  these  lights  can  only  be 
employed  under  very  special  circumstan- 
ces, it  is  not  necessary  to  include  them 
in  the  consideration  of  the  present  subject. 
It  is  clear  that  for  all  practical  purposes  we 
can  only  avail  ourselves  of  such  materials 
for  illumination  as  yield  a  flame  which 
emits  light  in  consequence  of  the  vapors  of 
heavy  hydrocarbons  present  therein.  These 
hydrocarbons  are,  indeed,  contained  in  all 
the  substances  which  are  either  used  for 
illuminating  purposes,  or  from  which  illumi- 


nating materials  are  prepared ;  as,  for  in- 
stance, tallow,  palm  oil,  stearine,  wax,  sper- 
maceti, paraffine,  vegetable  and  animal  oils 
and  fats,  mineral  and  essential  oils,  coals, 
shales,  or  bituminous  schists,  wood,  and 
resins. 

The  recent  investigations  into  the  char- 
acter and  composition  of  luminous  flames 
made  by  Helgard,  Kersten,  Delville,  and 
Frankland,  have  led  to  a  considerable  modi- 
fication of  the  views  previously  held  by 
chemists  as  to  the  precise  form  which  the 
solid  material  assumes  when  undergoing 
complete  combustion.  Recent  observations 
would  lead  to  the  supposition  that  the  par- 
ticles of  carbon  are  not  separated  in  a  solid 
form  as  had  been  previously  supposed,  but 
that  they  are  consumed  in  the  shape  of  very 
dense  vapors  at  the  extreme  outer  envelope 
of  the  flame.  This  view  seems  to  account 
for  some  of  the  phenomena  which  are  ob- 
servable when  hydrocarbon  vapor  is  burnt 
under  the  form  of  air  gas,  and  has  no  doubt 
favored  the  use  of  the  more  volatile  vapors 
derived  from  the  distillation  of  petroleum 
oils. 

It  would  be  impossible,  within  the  limits 
of  this  paper,  to  make  more  than  this  past- 
ing reference  to  the  recent  researches  rela- 
tive to  luminous  flames,  but  the  information 
to  be  derived  from  these  researches  is  un- 
questionably of  very  great  importance  when 
applied  in  connection  with  certain  processes 
which  have  recently  attracted  so  much  at- 
tention— the  "  air  gas"  and  the  "  new  gas." 

The  substances  from  which  artificial  light 
has  hitherto  been  derived  may  be  divided 
into  three  distinct  classes  : — 

1.  Those  bodies  which  are  solid  at  ordi- 
nary temperatures,  such  as  tallow,  stearine, 
wax,  paraffine,  and  spermaceti. 

2.  Fluid  substances  capable  of  burning 
in  lamps,  such  as  animal  and  vegetable  oils, 
camphene  or  other  form  of  essential  oil,  and 
the  several  varieties  of  mineral  oils,  or  pe- 
troleum. 

3.  Gaseous  substances,  derived  directly 
from  the  destructive  distillation  of  coals, 
bituminous  schists,  peat,  wood,  resin,  animal 
and  vegetable  oils,  fats,  and  crude  mineral 
oils ;  or  by  secondary  processes,  such  as  tha 
so-called  water  gas  obtained  by  passing 
steam  over  red-hot  metal  or  charcoal,  an  J 
then  bringing  the  resultant  gases  in  contact 
with  substances  rich  in  hydrocarbons ;  or, 
io  another  way,  by  passing  currents  of  mora 
or  less  dry  atmospheric  air  over  the  sur- 
faces of  highly  volatile  hydrocarbon  com- 
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pounds,  as  in  the  case  of  the  various  forms 
of  air  gas. 

The  chemical  constitution  of  illuminating 
gas  may  be  stated  to  consist  of  three  pri- 
mary sets  of  compounds.  We  discard  for  the 
present  purpose  the  impurities  that  are  pres- 
ent in  greater  or  less  quantities  in  all  gases 
derived  from  destructive  distillation.  First 
we  have  the  luminous  gases,  next  we  have 
the  hydrocarbon  vapors,  and  then  we  have 
the  diluents,  or,  as  the  German  chemists 
very  appropriately  call  them,  the  light- 
bearers.  The  substances,  therefore,  best 
adapted  for  the  production  of  illuminating 
gas  are  unquestionably  those  in  which  the 
elements  just  mentioned  exist  in  the  pro- 
per proportion,  and  hence  the  value  of  cannel 
coal  as  a  gas  producing  material.  Next  to 
cannel  coal  come  the  several  varieties  of 
bituminous  coal,  and  of  substances  other 
than  coal.  The  oils,  fats,  and  resins  rank 
first,  as  being  best  suited  for  the  generation 
of  gas  by  destructive  distillation  ;  then  we 
may  take  wood,  peat,  and  vegetable  refuse 
as  substances  capable  of  producing  gas,  but 
of  inferior  value,  from  the  deficiency  of 
luminous  gas  or  hydrocarbon  vapors. 

Taking  the  substances  in  the  order  in 
which  we  have  placed  them,  those  which 
must  first  claim  our  attention  are  the  oils 
and  resins.  The  former  seem  to  have  at- 
tracted the  attention  of  experimenters  at  a 
very  early  period  in  the  history  of  gas 
illumination,  for,  by  referring  to  the  records 
of  the  Patent  Office,  it  is  found  that  allu- 
sion is  made  to  the  generation  of  gas  from 
oil  so  early  as  1811.  In  1815,  Mr.  Taylor,  of 
the  firm  of  Taylor.  &  Martineau,  obtained  a 
patent  for  manufacturing  gas  from  oil,  and, 
under  modification  of  this  patent,  gas- 
works were  in  operation  at  Bristol,  Hull, 
London,  Liverpool,  Colchester,  Dublin,  and 
in  several  towns  on  the  Continent.  In  con- 
ducting the  process  an  iron  retort  was  set 
over  an  ordinary  furnace,  by  which  it  was 
to  be  heated.  The  retort  was  partially 
filled  with  fragments  of  brick,  pumice-stone, 
or  hard  coke  ;  above  the  retort  was  placed 
an  horizontal  cylinder  or  reservoir,  or  other 
suitable  vessel,  to  contain  the  oil,  and  at 
the  same  time  serve  as  an  intermediate  re- 
ceiver for  the  gas  and  other  products  of 
distillation.  The  oil  was  made  to  trickle 
into  the  heated  retort  through  a  small  tube 
near  the  front.  Coming  in  contact  with 
the  heated  surface  of  the  bricks  placed 
therein,  a  portion  was  speedily  converted 
into  gas  or  vapors;  these  latter,    as  they 


had  to  traverse  the  entire  length  of  the 
retort,  became  in  their  turn  converted  into 
gas.  This  gas,  together  with  any  unde- 
composed  matter,  then  passed  into  the  oil 
cylinder  through  a  pipe  at  the  back  of  the 
retort.  The  permanent  gas,  passing  after- 
wards through  the  cooling  apparatus,  and 
then  to  the  gas-holder,  the  undecomposei 
oil,  vapors,  and  tar  remained  in  the  cylinder, 
and  mixing  with  the  oil,  were  again  con- 
veyed to  the  retort,  and  thus  the  process 
continued  until  nearly  the  whole  of  the  ma- 
terials were  converted  into  illuminating  gas. 
A  gallon  of  oil  yields  about  110  cubic  ft. 
of  gas  of  a  specific  gravity  of  not  quite  70  J. 
Tbe  illuminating  power  of  oil  gas  varies 
considerably,  depending  in  a  great  measure 
on  the  temperature  to  which  the  retorts  are 
heated.  The  author  had  occasion  to  use 
oil  as  a  substitute  for  cannel  for  some  con- 
siderable time,  and  he  found  the  heat 
which  gave  the  best  results  was  what  would 
be  called  a  dull  heat  in  a  coal  gas-work. 
Owing  to  the  unprecedented  increase  in  the 
price  of  coals  for  export,  it  is  very  possible 
that  oil  will  be  substituted  for  coal  in  many 
gas-works  on  the  Continent,  particularly  in 
the  olive-growing  districts  of  Spain  and 
Italy,  the  refuse  from  the  oil-presses  mak- 
ing very  excellent  gas. 

About  the  time  that  Taylor  was  engaged 
upon  his  experiments  with  oil,  other  parties 
were  turning  their  attention  to  resin  as  a 
material  from  which  illuminating  gas  might 
be  made  ;  several  companies  were  formed 
and  works  erected,  both  in  this  country  and 
abroad,  especially  in  the  United  States  and 
Canada.  Resin  has  been  employed  as  a 
source  of  illuminating  gas  in  a  variety  of 
processes,  but  the  author  will  confine  his 
remarks  to  two — one  in  which  the  resin  is 
subject  to  simple  dry  distillation  in  an  ordi- 
nary retort,  and  the  second,  where  resin  is 
employed  to  enrich  feebly  luminous  gases. 
Under  the  first  type  the  apparatus  employed 
was  originally  invented  by  the  late  Professor 
Daniel,  for  the  Resin  Gas- Works,  at  Bow. 
In  an  ordinary  oven  two  circular  retorts  are 
placed,  so  as  to  be  heated  by  the  furnace 
below.  These  retorts  pass  through  the 
oven,  and  are  open  at  both  ends.  The 
front  end  of  each  retort  is  bolted  to  a  plate, 
the  end  of  the  mouthpiece  passing  through 
this  plate,  and  is  closed  by  an  ordinary  lid, 
cottar,  and  cross-bar  screws.  Flush  with 
the  outer  edge  of  the  mouthpiece  an  iron 
frame  is  fixed,  fitted  with  a  pair  of  sliding 
doors.     The  frame  and  doors  leave  a  space 
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of  about  6  in.  between  them  and  the  brick- 
work of  the  oven.  On  the  top  of  the  oven, 
and  immediately  over  the  retorts,  a  tank  or 
cistern  is  placed,  and  under  the  bottom  of 
this  cistern  the  heat  from  the  oven  is  con- 
ducted on  its  way  to  the  chimney.  The 
back  end  of  the  retort  extends  about  9  in. 
beyond  the  wall  of  the  oven,  and  to  this  end 
of  the  retort  is  attached  a  flanged  mouth- 
piece, but  the  exit-pipe  for  the  gas,  instead 
of  ascending  as  in  coal-gas  retorts,  de- 
scends and  communicates  with  a  tank  or 
cistern  by  means  of  a  dip-pipe.  This  vessel 
occupies  the  place  of  the  ordinary  hydraulic 
main,  the  gas  being  conveyed  from  it 
through  the  coolers  or  condensers  to  the  gas- 
holder. There  is  no  necessity  for  using  puri- 
fiers with  resin  gas.  The  mode  of  working 
the  apparatus  is  somewhat  as  follows  :  The 
retorts  being  heated  to  a  good  cherry  red, 
the  resin,  broken  into  small  pieces,  is  placed 
on  a  perforated  shelf,  which  occupies  the 
upper  part  of  the  cistern  placed  above  the 
retorts.  The  heat  derived  from  the  bottom 
of  the  cistern  melts  the  resin,  and  it  passes 
in  a  fluid  state  through  the  perforated  shelf 
or  sieve,  and  is  allowed  to  flow  down  the 
two  siphon  tubes  that  are  attached  to  the 
mouthpieces  of  the  retorts,  and  placed  with- 
in the  inclosed  space  formed  by  the  frame 
and  sliding  doors.  The  liquid  resin  passes 
into  the  retort  by  means  of  a  slightly  in- 
clined trough  or  channel,  and  is  thus  made 
to  fall  on  the  surface  of  the  red-hot  lumps 
of  fire-brick  with  which  the  retort  is  par- 
tially filled.  The  vapors  given  off  by  the 
liquid  coming  in  contact  with  the  heated 
surfaces  pass  along  the  whole  length  of  the 
retort,  and  a  large  portion  of  them  are  con- 
verted into  permanent  gas.  The  undecom- 
posed  vapor  passes  along  with  the  gas  into 
the  cistern  or  reservoir  by  means  of  the  de- 
scending pipe,  from  whence  the  permanent 
gas  escapes  to  the  gas-holder,  the  residual 
vapors  remaining  behind  in  the  shape  of 
-what  is  known  as  resin  oil,  which  is  pumped 
back  into  the  resin  cistern,  where  it  acts  as 
a  partial  solvent  of  the  solid  resin.  In 
France  and  the  United  States,  where  resin 
gas  has  been  more  extensively  employed 
than  in  this  country,  an  apparatus,  invented 
by  a  French  engineer,  named  Chaussenot, 
has  been  worked  with  great  success.  It  is 
more  complicated  than  the  one  just  de- 
scribed. 

In  1867  the  author  was  engaged  in  con- 
structing works  for  the  supply  of  gas  to  the 
city  of  Mexico.     The   original   design   for 


the  works  contemplated  the  use  of  coil,  but 
the  non-completion  of  the  railway  between 
the  city  and  the  seaport  of  Vera  Cruz  ren- 
dered it  next  to  impossible  to  obtain  a  sup- 
ply of  coal  at  any  reasonable  price.  The 
cost  of  land  carriage  between  the  port  and 
the  city  being  at  the  rate  of  100  dollars,  or 
£20  per  ton.  To  meet  the  difficulties  thus 
raised,  an  apparatus  was  designed  by  the 
author,  in  which  either  wood  or  water  gas 
could  be  made  and  rendered  of  sufficient 
illuminating  power  by  combining  with  it  a 
portion  of  gas  made  from  resin,  or  the  min- 
eral pitch  called  by  the  natives  "chapapote," 
deposits  of  which  occur  in  Sucatan  and  on 
the  Isthmus  of  Tehuantefoce.  The  retorts 
were  set  over  an  arched  furnace  in  the 
usual  manner,  with  the  exception  that  the 
area  of  the  furnace  was  much  larger,  it 
being  necessary  to  use  wood  for  fuel.  The 
retorts  were  circular,  13  in.  in  diameter, 
and  9  ft.  6  in.  long,  open  at  both  ends.  At 
the  front  end  they  were  fitted  with  mouth- 
pieces and  lids,  but  instead  of  ascension- 
pipes,  the  two  lower  retorts  were  conneated 
by  short  elbow-pipes  to  the  mouthpiece  of 
the  centre  retort.  On  the  top  of  the  oven, 
and  immediately  over  the  centre  retort,  was 
placed  a  small  iron  tank  for  melting  the 
resin,  or  holding  crude  petroleum  oil.  The 
back  ends  of  the  retorts  were  fitted  with 
mouthpieces,  the  two  lower  ones  having 
ordinary  lids,  with  screws  and  crossbars. 
The  upper  retort  mouthpiece  was  closed  by 
a  flanged  cover,  to  which  was  bolted  a  flange 
bend  and  pipe  for  the  purpose  of  convey- 
ing the  gas  to  the  receiver  or  hydraulic 
main  placed  below  the  floor  of  the  retort- 
house.  In  working  the  apparatus  for  wood 
gas,  the  two  lower  retorts  were  charged 
with  a  species  of  resinous  pine  called  by  the 
natives  "  Ocote."  It  is  obtained  by  splitting 
up  the  stumps  and  roots  of  the  pine  trees 
after  the  main  portion  of  the  trunk  has  been 
cut  down.  (This  wood  yields  about  11,000 
ft.  of  gas  to  the  20  (Spanish  quintals,  equal 
to  2,0»0  lbs.  English,  if  carbonized  at  a 
bright  red  heat.)  The  gas  from  the  two 
lower  retorts  was  conveyed  into  the  upper 
retort  by  means  of  the  two  elbow-pipes, 
where  it  underwent  a  further  decompo- 
sition. It  then  escaped  to  the  purifiers,  and 
the  illuminating  power  would  average  about 
10  candles ;  but  owing  to  the  supply  of 
ocote  being  very  irregular,  it  not  being  pos- 
sible to  rely  on  the  Indians  who  collected 
it,  ordinary  wood  was  oftentimes  obliged 
to  be  substituted.     This  would  only  yield 
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about  7,500  or  8,000  ft.  to  the  2,000  lbs., 
and  of  very  feeble  illuminating  power.     To 
meet  this   difficulty  the  upper  retort  was 
converted   into    a   resin    retort,    the    resin 
being  supplied  from  the  cistern  above.    The 
gas  from  the  wood  mixed  with  the  resin 
gas  gave  an  illuminating  power  equal  to 
about  12  candles  ;  but  the  gases  thus  gene- 
rated required  a  very  costly  process  of  pu- 
rification to  free   them  from  the  excess  of 
carbonic  acid  and  pyroligneous  acid  derived 
from  the  wood   gas.     The  difficulty  of  get- 
ting rid  of  the  impurities  just  mentioned  led 
the  author  to  devise  a  means  for  using  the 
gases    derived   from   the  decomposition  of 
steam  instead  of  the  wood  gas;  but  it  being 
next  to  impossible  to  obtain  suitable  appa- 
ratus in  a  country  like  Mexico,  a  plan  was 
adopted  by    which  the   wood  retorts  were 
made  to  serve  the  purpose  for  generating 
the  water  gas.     In  each  of  the  two  lower 
retorts  a  cast-iron  tube  about  5  in.  diameter 
was   placed.     This   was   filled   with   scrap 
iron,   and  supplied  with  steam  through  a 
suitable  pipe.     Round  this  tube,  and  nearly 
filling  the  retort,  was  packed  charcoal  and 
lumps  of  native   "Tysoutle,"  or  pumice,  a 
species  of  volcanic  cinder  found  in  almost 
every  part  of  Mexico.     The  other  arrange- 
ments were  precisely  the  same  as  for  the 
wood  and  resin  gas,  except  that  the  gas  was 
conveyed  into  an  ordinary  hydraulic  main, 
and  passed  through  condensers,  scrubber, 
and  a  set  of  lime  purifiers   in  the  ordinary 
way.     The  mode  of  working  the  apparatus 
was  as  follows  :  The  steam  entered  the  iron 
tubes,    or   decomposing   chambers,    and   a 
portion  of  it  was  converted  into  hydrogen 
by  coming  in  contact  with  the  heated  scrap 
iron.     The  undecomposed  vapor  was  con- 
verted into  hydrogen,   carbonic  oxide,  and 
carbonic  acid,  by  the  charcoal  and  pumice. 
These  gases  then  entered  the  upper  retort, 
where  resin  gas  was  generated,  the  mixed 
gases  afterwards  passing  to  the  condensing 
and  purifying  apparatus  ;  but  the  process 
had  to  be  abandoned  on  account  of  the  large 
quantity  of  carbonic  acid  present,  and  the 
great  cost  of  its  removal.     The  resin  and 
wood  process  was  ultimately  adopted,  and 
the  city  of  Mexico  has  been  supplied  for  the 
last  five  years  with  gas  made  from  these 
materials.     It  will  be  in  the  recollection  of 
most  of  the  members  of  the  association  that 
the    hydrocarbon    gas,    patented    by   Mr. 
White,    was   essentially   a  combination  of 
water  gas  with  resin  g:is;  but  the  process, 
although  tried  under  the   most   favorable 


circumstances  at  Rio  Janeiro,  never  succeed- 
ed, although  Boghead  cannel  was  substi- 
tuted for  the  resin.  It  appears  that  the 
only  circumstances  under  which  resin  can 
be  used  with  advantage  for  the  generation 
of  illuminating  gas  are  where  resin  is  cheap 
and  wood  for  fuel  abundant.  In  practice 
only  about  one-half  of  the  weight  of  crude 
resin  can  be  converted  into  gas.  The  resi- 
due is  condensed  in  the  shape  of  oil  at  a 
bright  red  heat.  The  quantity  of  gas  for 
weight  of  resin  actually  converted  will  av- 
erage about  850  lbs.  per  104  lbs.,  or  about 
18,000  ft.  per  ton  English.  The  illumina- 
ting power  of  such  gas  will  be  about  14 
standard  candles.  A  very  curious  property 
the  author  observed  in  connection  with  resin 
gas  is,  that  when  used  by  itself  it  travels 
with  great  facility,  and  does  not  lose  its 
light-giving  constituents;  but  if  mixed  with 
other  gases,  a  deposit  of  a  thick  viscid  sub- 
stance takes  place  on  the  inner  surface  of 
the  pipes  and  fittings,  through  which  the 
mixed  gases  may  have  passed.  To  this 
cause  may  be  attributed  many  of  the  com- 
plaints that  were  raised  against  White's 
hydrocarbon  gas  when  it  was  first  intro- 
duced. 

The  materials  next  in  importance  which 
have  engaged  the  attention  of  experiment- 
ers in  the  manufacture  of  illuminating  gas 
are  the  mineral  oils,  either  in  their  natural 
state  or  as  derived  from  treating  shales  or 
bituminous  schists,  and  some  varieties  of 
asphalts  or  mineral  pitch.  These  sub- 
stances, like  resin,  have  been  either  used 
directly  for  the  generation  of  gas,  or  have 
been  used  in  combination  with  non-lumin- 
ous gases.  Within  the  last  10  or  15  years 
many  patents  have  been  taken  out  for  pro- 
cesses or  apparatus  for  the  destructive  dis- 
tillation of  these  mineral  oils,  but  up  to  the 
present  time  no  process  has  been  sufficient- 
ly successful  as  to  secure  for  itself  any  gen- 
eral recognition.  In  Germany  and  the 
United  States  some  of  the  attempts  made 
to  use  crude  petroleum  have  met  with  com- 
parative success.  The  one  which  the 
author  believes  to  be  the  best  is  the 
invention  of  a  German  chemist,  Dr. 
Herch.  The  apparatus  consists  of  a  cir- 
cular retort  set  in  the  usual  manner. 
The  retort  is  fitted  with  a  mouthpiece 
and  lid  at  each  end.  The  front  mouthpiece 
is  connected  to  a  large  cylindrical  chamber 
or  receiver  by  a  taper  pipe,  which  is  substi- 
tuted for  the  ordinary  ascension-pipe.  At 
the  back   of  the  retort  is  placed   a  small 
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cylindrical  vessel  or  chamber  fitted  with  a 
cover  and   stuffing-box.     In  the  interior  of 
the  chamber  a  weighted  piston  or  plunger 
is  placed,  the  rod  of  which'  passes  through 
the  stuffing-box.     To  the  upper  end  of  this 
rod  a  cord  is  fastened,  which  passes  over  a 
series  of  compound   pulleys,   and  the    end 
connected  with    a   train  of  clockwork  ma- 
( h  nery.     From   the  bottom  of  the  box  or 
chamber  in  which  the  piston  is   placed  a 
small  tube  or  pipe  is  connected  with  the  lid 
at  the  back  of  the  retort,  and  from  thence 
a   small   taper   tube   projects,  into  the  in- 
terior of  the  retort.     The  process  of  manu- 
facturing   the    gas    is    as    follows : — The 
chamber  or  cylinder  in  which  the  plunger 
is  placed  is  filled  with    the  petroleum   or 
mineral  oil   until   the  plunger   has  risen  to 
the  top.     The  cord  is   then  coiled  over  the 
pulleys,  and  the  end  attached  to  the  clock- 
work.    As  soon  as  the  retort  is  sufficiently 
hot,   the  pendulum   of  the  clock  is  set  in 
motion,  and  the  cord  is  gradually  uncoiled. 
This   liberates  the  plunger  or  piston,  and 
thus    the    liquid  in   the  cylinder   is  forced 
through    the    small     connecting-pipe    and 
taper  tube  into  the  retort,  where   it  is  dis- 
tributed  in    a   very   thin    sheet   over    the 
heated    surface.     A  considerable  quantity 
of  the  vapor  is  thus  converted  into  gas,  and 
is  conveyed  by  the  large  taper  pipe  into  the 
vertical  receiver.    Here  the  gas  and  vapors 
are  separated  by  the   cooling  effect  of  the 
receiver,   the  permanent   gas  passing  to  a 
suitable  gas-holder,  the  condensed  vapors, 
in  the  shape  of  tar  or  oil,  fall  to  the  bottom  of 
the  receiver,  and  are  drawn  off  and  return- 
ed to  the  first  cylinder,  when  a  fresh  charge 
of  oil  is  put  in.     The  process  is  exceeding- 
iy  ingenious,   but  the   author  is  not  able  to 
say  what  the  result  of  the  experiment  has 
been  in    a  commercial  point  of  view.     In 
the  United  States  many  iorms  of  apparatus 
have   been  tried,  but  most  of  them  have 
failed  on  account  of  the  great  difficulty  of 
getting  rid  of  the  rapid  deposition  of  soot 
or  solid  carbon  on  the  surfaces  of  the  re- 
torts,  or   the  materials   placed  within  the 
retorts  to  effect  decomposition.     It  is  found 
in  practice  that  a  comparatively  thin  layer 
of  this  finely  divided  carbon  materially  in- 
terferes with  the  process  of  decomposition, 
and  the  result  is  that  when  an  apparatus 
has  been  at  work  for  only  a   short  time,  it 
happens  that  the    make  of  gas  is  reduced 
50  per  cent.     If  some  arrangement  could 
be  invented  by  which  this  deposit  could  be 
prevented,    there    is    no    doubt    that    the 


mineral  oils  would  be  found  most  useful 
substitutes  for  cannel  coal  in  the  production 
of  gas  of  high  illuminating  power. 

Before  entering  upon  a  description  of 
some  of  the  processes  in  which  mineral  oils 
are  used  in  combination  with  non-luminous 
gases,  the  author  will  briefly  describe  the 
system  proposed  for  using  wood  and  peat 
as  gas-making  materials.  The  use  of  wood 
for  the  manufacture  of  gas  appears  to  have 
been  suggested  at  about  the  same  time  as 
coal  was  being  experimented  upon.  In 
the  mechanical  museum  at  Paris  the  au- 
thor has  seen  the  sketch  and  description  of 
an  apparatus  invented  in  1790  by  a  person 
named  Lebon.  It  was  evidently  intended 
to  compete  with  the  invention  of  Mr.  Mur- 
doch, who  was  then  engaged  upon  his  ex- 
periments with  coal  gas  at  Redruth,  in 
Cornwall.  It  does  not,  however,  appear 
that  Lebon's  process  was  ever  used  beyond 
lighting  his  own  house,  as  no  mention  is 
made  of  the  introduction  of  gas-lighting 
into  France  until  1815.  After  Lebon's  in- 
vention, the  first  attempts  to  use  wood  lor 
gas  appear  to  have  been  made  in  Russia  ; 
but  it  was  not  until  the  experiments  of  Dr. 
Pettenkofer,  of  Munich,  were  made  public 
in  1849,  that  any  attention  was  given  by 
gas  engineers  to  the  use  of  wood  as  a  gas- 
making  material.  Since  that  time  several 
cities  and  towns  in  Germany,  Russia,  and 
the  north  of  Europe,  have  been  supplied 
with  gas  manufactured  from  wood. 

In  1865  the  author  visited  Germany  for 
the  purpose  of  making  himself  acquainted 
with  the  various  processes  then  in  operation 
for  manufacturing  gas  from  wood.  He 
visited  the  works  of  Marburg,  D.rmstadt, 
Wurzburg,  and  Munich.  The  apparatus 
employed  was  the  same  as  for  coal  gas 
manufacture,  with  the  exception  of  one  or 
two  instances,  where  the  ascension-pipes 
were  cased  and  the  hydraulic  main  was 
made  double,  leaving  a  space  of  '2  in.  be- 
tween the  portion  of  the  main  into  which 
the  gas  and  products  of  distillation  passed 
and  the  outer  casing.  The  annular  space 
between  the  two  mains  was  filled  with 
steam  or  heated  air.  It  appeared  that  an 
essential  condition  for  the  success  of  the 
process  was  that  the  wood  should  be 
thoroughly  dried  or  baked  before  being  put 
into  the  gas-retorts,  and  that  the  tempera- 
ture of  the  retorts  should  be  maintained  at 
a  bright  cherry- red  .heat.  The  illuminating 
power  of  the  gas  varied  considerably,  lead- 
ing to  the  conclusion  that  in  some  instances 


SUBSTITUTES   FOR   COAL   IN   ILLUMINATING   GAS. 


327 


a  process  of  carburation  was  resorted  to. 
An  apparatus,  designed  for  a  town  in  the 
north  of  Ru^Bia,  used  the  wood  gas  simply 
as  a  diluent,  and  made  the  illuminating 
power  entirely  dependent  on  its  saturation 
by  the  vapors  of  naphtha.  The  apparatus 
used  for  carburetting  has  just  been  repro- 
duced in  this  country  b\  the  patentee  of  the 
so-called  "  new  gas." 

The  illuminating  power  of  wood  gas  seems 
to  depend  very  much  on  the  quantity  con- 
sumed. In  practice  it  is  found  that  a  coal 
gas-burner  consuming  5  ft.  per  hour,  and 
giving  the  light  of  13  candles,  will  with  the 
same  consumption  of  wood  gas  only  give 
the  light  of  nine  candles  ;  but  with  a  burner 
consuming  7-i-  ft.  per  hour,  the  light  from 
the  wood  gas  will  be  17.43  candies,  as 
against  18.27  for  coal  gas.  Mr.  Eiedinger, 
the  engineer  of  the  wood  gas-works  at  Co- 
burg,  gives  as  the  results  of  his  experiments, 
that  wood  gas  is  22  per  cent,  cheaper  than 
coal  gas,  if  the  wood  be  taken  before  the 
essential  oils  have  been  extracted,  and  it  is 
thoroughly  dried  before  being  subjected  to 
distillation.  The  author  found  that  by 
passing  the  gas  through  a  second  retort, 
heated  to  redness,  the  illuminating  power 
of  the  gas  was  considerably  improved. 
This  is,  no  doubt,  due  to  the  decomposition 
of  some  of  the  oxides  of  carbon  ;  but,  un- 
fortunately, the  cost  of  purification  was  con- 
siderably increased  owing  to  the  larger 
quantity  of  carbonic  acid  that  was  present 
in  the  gas.  The  author,  however,  believes 
that  if  suitable  precautions  be  taken  in 
thoroughly  desiccating  the  wood,  there  are 
many  localities  where  wood  gas  might  be 
used  with  advantage,  especially  if  lime  be 
cheap  and  abundant.  What  has  been  said 
in  reference  to  wood  will  more  or  less  apply 
to  the  use  of  peat  as  a  gas-making  material. 
At  the  present  time  a  series  of  experiments 
are  being  made  with  peat  which  has  been 
saturated  with  the  refuse  of  shale  oil  distil- 
lation ;  but  as  the  details  of  the  experiments 
have  not  been  made  public,  no  opinion  can 
be  formed  as  to  the  merits  of  the  scheme. 
Several  other  processes  have  been  suggested 
for  using  animal  and  vegetable  substances 
in  the  manufacture  of  illuminating  gas  ; 
but  as  none  of  them  have  been  carried  be- 
yond the  stage  of  laboratory  experiments, 
it  is  not  considered  necessary  to  enter  into 
any  details  respecting  them.  The  author, 
therefore,  now  proceeds  to  review  the  plans 
that  have  from  time  to  time  been  brought 
forward  to  produce  illuminating  gas  by  the 


admixture  of  non-luminous  but  combustible 
gases  with  some  form  of  volatile  hydrocar- 
bon. 

The  possibility  of  utilizing  the  effect  pro- 
duced by  the  action  of  heated  metal  on 
water  in  connection  with  the  manufacture 
of  gas  appears  to  have  been  first  suggested 
by  the  late  eminent  gas  engineer,  George 
Lowe,  Esq.  In  a  letter  written  by  that 
gentleman  to  the  "  Philosophical  Magazine" 
of  Nov.  14,  1818,  he  describes  his  experi- 
ments at  Derby.  In  speaking  of  the  use  of 
iron  tubes  filled  with  scrap  iron,  and  heated 
to  redness,  he  makes  this  remarkable  state- 
ment :  "But  by  passing  the  tar  and  water 
of  crystallization  through  iron  turnings,  or 
over  any  oxidizable  surfaces,  the  two  are 
nearly  all  converted  into  gas,  and  come 
over  with  the  hydrogen  of  the  latter,  which 
has  been  liberated  at  the  expense  of  the 
iron  turnings,  and  to  me  it  is  evident  the 
great  increase  arises  infinitely  more  from  the 
decomposition  of  the  water  than  of  the  tar." 
Twelve  years  after  the  experiments  of  Mr. 
Lowe  we  have  the  patent  of  Mr.  Donovan, 
of  Dublin,  and  a  year  or  two  afterwards 
the  process  of  Mr.  Saunders.  These,  in 
conjunction  with  the  process  described  in 
the  patent  of  Mollerat,  may  be  said  to  have 
been  the  foundation  of  all  the  subsequent 
inventions  employed  for  the  decomposition 
of  water  by  passing  its  vapors  over  heated 
surfaces.  It  is  true  that  the  precise  form 
of  apparatus  has  been  modified  in  accord- 
ance with  the  views  of  each  particular  ex- 
perimenter, but  the  essential  principles  in- 
volved in  the  process  are  throughout  the 
same.  To  describe  the  mode  of  manipula- 
tion in  general  terms,  it  would  be  somewhat 
as  follows:  Two  or  more  tubes  or  retorts 
are  set  over  an  ordinary  furnace  by  which 
they  can  be  heated  to  the  required  temper- 
ature. These  retorts  are  partially  tilled 
with  scrap  iron,  or  in  the  case  of  several  re- 
torts being  set  together,  one  retort  may  be 
filled  with  scrap  metal,  and  the  remainder 
may  be  partially  filled  with  charcoal  or 
coke.  As  soon  as  the  retorts  are  heated  to 
the  temperature  required  (which  should  be 
a  bright  red  by  ordinary  daylight)  a  stream 
of  water  or  steam  is  injected  into  the  retort 
containing  the  metal.  Here  the  vapor  is  to 
some  extent  decomposed,  the  oxygen  of  the 
water  being  taken  up  by  the  heated  metal, 
which  thus  becomes  rapidly  oxidized.  The 
other  constituent  of  the  water,  the  hydro- 
gen, is  carried  forward,  along  with  any  un- 
decomposed  vapor,  and  enters  the  retort  or 
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retorts  containing  the  charcoal  or  coke. 
And  here  a  considerable  portion  of  the  re- 
maining- vapor  is  decomposed,  the  resultant 
gases  being  hydrogen  and  the  two  oxides 
of  carbon,  as  carbonic  oxide  and  carbonic 
acid ;  the  gases,  therefore,  escaping  from 
the  last  retort  consist  of  partially  pure  hy- 
drogen, carbonic  oxide,  and  carbonic  acid, 
■with  some  sulphuretted  hydrogen  and  traces 
of  bisulphide  of  carbon,  the  two  latter  due 
to  the  sulphur  derived  from  the  coke  and 
impurities  in  the  scrap  iron.  The  gases, 
after  leaving  the  retort,  undergo  refrigera- 
tion, thus  separating  them  from  any  unde- 
composed  vapor.  They  then  pass  through 
suitable  purifiers  to  remove  the  excess  of 
carbonic  acid  and  the  sulphur  compounds. 
The  gases  so  purified  are  rendered  lumi- 
nous by  bringing  them  in  contact  with  the 
vapors  of  some  volatile  hydrocarbon.  In 
the  earlier  experiments  highly  rectified  oil 
of  turpentine  was  employed ;  but  the  dis- 
covery of  benzole,  by  Professor  Faraday, 
led  to  the  more  volatile  compounds  derived 
from  coal  tar,  naphtha  being  substituted  for 
the  essential  oils  in  the  carbonization  of 
what  was  called  the  water  gas. 

Illuminating  gas  made  by  the  process 
just  described,  was  tried  in  several  towns  in 
this  country,  Ireland,  and  on  the  Continent, 
but  in  all  cases  resulted  in  signal  failure,  as 
it  was  found  impossible  to  compete  with  the 
simpler  process  of  manufacturing  gas  from 
coal.  About  the  year  1834  or  1835,  consid- 
erable attention  was  drawn  to  a  water  gas 
process,  patented  in  France  by  M.  Selligue, 
in  which  a  considerable  modification  of  the 
decomposing  process  was  adopted,  inas- 
much as  the  water  vapor  was  conducted 
first  into  vessels  or  retorts  containing  char- 
coal, where  it  was  converted  into  hydrogen 
and  the  oxides  of  carbon  ;  in  a  third  retort 
the  gases  so  formed  came  in  contact,  with 
the  vapors  of  shale  oil,  and  as  this  retort 
was  nearly  filled  with  iron  chain  or  scrap,  a 
considerable  decomposing  surface  was  ex- 
posed, and  a  large  quantity  of  very  superior 
gas  said  to  have  been  obtained.  But  on 
subjecting  the  process  to  strict  chemical  in- 
vestigation, it  was  found  that  some  ques- 
tionable proceedings  had  been  had  recourse 
to  in  carrying  out  the  first  experiments ; 
when  the  chemist's  report  was  presented, 
the  whole  affair  collapsed.  From  1835  to 
1849,  a  great  number  of  schemes  were 
brought  forward,  and  some  patented  for 
improvements  in  the  manufacture  of  water 
gas,  but  none  appear  to  have  succeeded. 


In  1850  a  new  process  was  brought  forward 
by  an  American  inventor  named  Paine. 
He  proposed  to  generate  pure  hydrogen 
from  water  by  the  aid  of  a  magneto-electric 
machine,  and  convert  it  into  illuminating 
gas  by  passing  it  through  camphene.  The 
most  marvellous  results  were  claimed  for 
this  invention,  and  a  monster  apparatus 
was  prepared  for  the  Great  Exhibition  of 
1851,  but  the  author  believes  that  owing  to 
the  matter  having  been  placed  in  the  hands 
of  Mr.  Faraday,  the  fallacy  of  the  so-called 
invention  was  exposed,  and  nothing  more 
was  heard  of  it.  The  well-known  process 
of  Mr.  White  for  the  production  of  hydro- 
carbon gas  was  at  this  period  before  the 
gas  world ;  but  as  it  resolved  itself  ulti- 
mately into  a  modified  coal  process,  it  will 
not  be  consistent  with  the  object  of  the 
present  paper,  to  make  more  than  this  pass- 
ing allusion  to  it. 

The  enormous  increase  in  the  production 
of  hydrocarbon  oils,  due  to  the  discovery  of 
the  oil  and  petroleum  springs  on  the  conti- 
nent of  America,  has  given  fresh  impetus  to 
the  class  of  inventions  which  seek  to  substi- 
tute these  oils  for  coal  in  the  manufacture 
of  gas.  The  direct  destructive  distillation 
of  these  oils  has  already  been  alluded  to, 
but  the  utilization  of  the  highly  volatile  va- 
pors derived  from  the  process  of  distilling 
these  oils  for  general  purposes  has  revived 
the  idea  of  generating  combustible  gases  by 
the  decomposition  of  steam  or  water  vapor. 
Of  the  several  so-called  inventions  of  the 
last  four  or  five  years,  the  only  one  which 
appears  to  present  any  new  features  is  the 
one  claimed  by  a  Frenchman  named  Du 
Motay.  It  was  originally  intended  as  a 
process  for  the  production  of  hydrogen  to 
be  used  in  connection  with  the  oxyhydro- 
gen  light,  but  in  its  modified  form  is  being 
used  in  producing  illuminating  gas  from 
hydrocarbon  vapors. 

The  process  may  be  described  as  follows  : 
Superheated  steam  is  injected  into  a  large 
retort  or  decomposing  chamber  filled  with 
charcoal  or  coke,  and  heated  to  redness; 
here  the  vapor  or  steam  is  converted  into 
hydrogen  and  carbonic  oxide.  From  this 
mixture  the  carbonic  oxide  is  removed  by 
passing  the  gases  through  cylinders  of  h>  - 
drated  or  slaked  lime  heated  to  redness  • 
The  result  of  this  treatment  is  the  formation 
of  a  fresh  equivalent  of  hydrogen,  and  the 
conversion  of  the  carbonic  oxide  into  carbor- 
ic  acid  by  union  with  the  oxygen  of  the  de-. 
composed  water  of  hydration.     The  carbon- 
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ic  acid  is  removed  by  passing  through  more 
lime,  and  the  hydrogen  is  passed  on  into 
another  chamber,  where  it  comes  into  inti- 
mate cod  tact  with  a  quantity  of  light  petro- 
leum spirit ;  here  it  loads  itself  with  the 
vapor  of  the  hydrocarbon,  and  continues  on 
its  course,  passing  next  through  a  series  of 
iron  tubes  heated  to  a  low  red  heat,  where- 
by a  permanent  gas  is  formed,  precisely 
analogous  in  all  its  properties  to  the  ordi- 
nary coal  gas,  but  of  considerably  higher 
illuminating  power.  This  invention  has  re- 
cently been  in  operation  in  the  United  States, 
and  very  favorable  reports  have  been  given 
as  to  the  results,  but  no  reference  is  made 
to  the  question  of  cost. 

One  of  the  old  processes  for  manufactur- 
ing water  gas  has  just  been  repatentod  in 
this  country  by  a  Mr.  Buck,  who  claims  for 
it  the  title  of  the  "  New  Gas,"  but  in  what 
the  novelty  consists  it  is  difficult  to  discover. 
In  this  process  it  is  proposed   to  use  super- 
heated   steam,    and   the    manipulation   is 
somewhat  as  follows :  A  bench  of  three  or 
more  retorts  up  to  nine  are  set  in,  more  or 
less,  the  ordinary  manner.     Alongside  the 
top  retort  (which  is  considerably  larger  than 
the  others),   and   within  the  oven,  are  two 
cast-iron  tubes  or  pipes,   connected  by  an 
arch-bend,  which  passes  over  the  top  of  the 
retort.     If  three  retorts  are  set,  this  tube  or 
tubes  are  made  to  communicate  with  the 
two  lower   retorts  by  means   of  cast-iron 
pipes  and    suitable  connections    to   a  pipe 
which  lies  along  the  bottom  of  each  retort 
inside,  and  extending  to  within  a  few  inches 
of  the  back  of  the  retort.     From  the  mouth- 
pieces of  the  bottom   retorts    two   branch 
pipes  lead  to  pipes  which  lie  along  the  bot- 
tom of  the  top   retort,  also  to  within  a  few 
inches  of  the  back.     The  two  bottom  retorts 
are  paitially  filled  with  scrap  iron,  or  pieces 
of  chain,  mixed  with  a  portion  of  coke  or 
charcoal.     The  top  retort  may  also  be  par- 
tially filled  with  coke  or  charcoal.     Commu- 
nicating with  the  flange-pipes  alongside  the 
top  retort  a  steam  pipe  from  any  ordinary 
steam  boiler  is  fixed,  capable  of  being  closed 
at   pleasure   by   means    of  a  stopcock  or 
valve.     The  retorts  being  heated  to  the  re- 
quired temperature,   steam  is   admitted  to 
the  flange-pipes,   where  it  becomes   super- 
heated.    In  this  condition  it  passes  to  the 
two  lower  retorts  through  the  pipes  laid 
along   the   bottoms,   and,  escaping   at   the 
back  of  the  retort,  it  then  comes  in  con- 
tact with  the  heated  metal,  or  charcoal,  or 
coke,    and   a   portion   of  it  becomes   con- 


verted into  hydrogen  and  the  two  oxides  of 
carbon.     These  gases,  with   the  undecom- 
posed  vapor,  then  pass  into  the  top  retort 
through  the  branch  pipe3  just  described, 
and  a  further   decomposition  takes  place. 
The  resultant  gases  are  then  cooled  and 
purified  from  sulphuretted  hydrogen,  and  a 
small  portion  of  the  carbonic  acid  is  taken 
out,  and  the  mixed  gases  then  are  made  to 
bubble   through  a  quantity  of  light  hydro- 
carbon   spirit   contained  in  a  closed  tank. 
This  part  of  the  apparatus  is  identical  with 
the  carburetting  arrangement  of  the  Rus- 
sian wood  gas,  previously  described,  but  in 
order  more  readily  to  volatilize  the  heavier 
descriptions  of  petroleum  spirit  a  current  of 
warm  air  or  steam  is  conveyed  to  the  spirit- 
tank  to  maintain  it  at  a  suitable  tempera- 
ture.    From  the   description  just  given  it 
will  be  evident  that  the  principle  of  the  pro- 
cess is  identical  with  all  the  previous  inven- 
tions, so  far  as  the  means  employed  for  the 
decomposition  of  the  water  vapor  is  con- 
cerned.    It  is  true  the  patentee  lays  con- 
siderable stress  on  the  use  of  superheated 
steam,  but  it  is  very  questionable  if  there 
is  any  real  importance   to   be  attached  to 
this   part   of  the   process.      The   intrinsic 
value  of  any  of  these  inventions  rests  in  the 
quantity  of  combustible  gas   that  can  be 
generated  by  the  consumption   of  a  given 
weight  of  fuel,  and  as  the  quantity  of  hy- 
drogen to  be  thus  obtained  is  the  point  of 
principal  importance,  it  will  be  evident  that 
the  greater  the  weight  of  water  decomposed 
by  a  given  weight  of  fuel  the  more  valuable 
the  process  becomes.     For  every  9  lbs.  of 
water  completely   decomposed  ISO  cubic  ft. 
of  hydrogen  will  be  liberated.     The  pro- 
portions   of  carbonic   oxide    and    carbonic 
acid  will,  however,  vary  according  to  the 
heat  at  which    the  process  is  carried  on. 
The  quantity  of  water  gas  produced  by  the 
consumption  of  a  given  weight  of  fuel  varies 
considerably  with  the  nature  of  the  fuel 
employed.     From  a  great  number  of  ex- 
periments made  by  the  late  T.  G.  Barlow, 
Esq.,  the  quantity  of  coke  consumed   per 
1,000  ft.  of  water  gas  was  found  to  average 
60  lbs.     In   the   author's    experiments   at 
Valparaiso,  using  the  coke  from  a  mixture 
of  Australian  and  native  coal,  the   average 
was  found  to  be  73  lbs. ;  with  charcoal,  lU-i 
lbs.  ;  and  with  ordinary  wood  fuel,  127  lbs. 
per  1,000  ft.  ;  and  these  are  the  results  of 
experiments  extending  over  several  months. 
Mr.  Barlow,  in  some  instances,  found  that 
retorts  making  more  than  600  ft.  per  hour 
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when  first  put  into  action  gradually  redu- 
ced in  make  to  352  ft.  per  hour,  and  the 
average  of  a  day's  working  was  sometimes 
not  more  than  330  ft.  per  working  hour. 
Increased  wear  and  tear  occurs,  due  to  the 
rapid  oxidation  of  the  interior  of  the  retorts. 
This  effect  was  fully  shown  in  Mr.  White's 
hydrocarbon  process,  and  has  been  confirm- 
ed by  all  subsequent  experimenters.  The 
average  duration  of  a  water  gas  retort  is 
about  210  days,  where  a  combination  of 
scrap  iron  and  coke  or  charcoal  is  used  ; 
but  if  scrap  iron  be  used  alone,  from  170  to 
180  days  will  be  the  maximum  duration  of 
such  a  retort. 

Another  important  matter  which  requires 
consideration  is  the  purification  It  has 
alreadv  been  shown  that  water  gas  is  al- 
ways contaminated  with  a  very  large  quan- 
tity of  carbonic  acid,  and  more  or  less  sul- 
phuretted hydrogen,  the  latter  increasing 
where  coke  is  used  instead  of  charcoal  in 
the  decomposing  retorts.  Supposing  the 
process  of  purification  be  by  lime,  then  the 
cost  must  be  very  great,  because,  from  the 
greater  affinity  which  caustic  lime  has  for 
carbonic  acid  than  for  sulphur,  it  is  obvious 
that  the  lime  would  absorb  all  the  carbonic 
acid  before  it  acted  at  all  on  the  sulphur, 
and  the  removal  of  the  sulphur  compounds 
would  depend  on  the  amount  of  caustic  lime 
left  after  all  the  carbonic  acid  had  been 
taken  up.  If  oxide  of  iron  be  used  without 
lime,  then  the  carbonic  acid  would  remain, 
and  of  course  materially  diminish  the  illu- 
minating power  of  the  gas.  It  is  suggested 
by  the  promoters  of  the  "  new  gas "  that 
the  presence  of  carbonic  acid  might  be  com- 
mercially disregarded  in  estimating  the 
value  of  the  process,  but  in  experimenting 
with  gas  made  in  the  manner  proposed,  it 
is  found  there  is  a  loss  of  nearly  two-thirds 
in  illuminating  power  when  the  carbonic 
acid  remains  in  the  gas.  The  same  class  of 
spirit  burnt  in  combination  with  pure  hy- 
drogen gave  31-^  candles,  with  unpurified 
water  gas  only  11-j^j  candles.  The  deduc- 
tion the  author  draws  from  these  facts  is 
that  the  cost  of  purification  must  always 
form  an  important  element  in  estimating 
the  value  of  any  water  gas  process. 

If  the  description  here  given  of  the  so- 
called  "  new  gas  "  be  a  fair  one,  it  is  evi- 
dent that  such  a  process  can  never  come 
into  competition  with  coal  except  under 
very  special  conditions  ;  in  fact,  the  circum- 
stances would  be  so  exceptional  that  they 
can  never  occur  in  any  country  where  coal 


is  the  staple  source  of  fuel.  In  some  coun- 
tries, perhaps,  where  wood  fuel  is  abudant, 
and  petroleum  or  other  mineral  oils  easy  to 
obtain,  it  is  possible  such  a  process  of  ob- 
taining illuminating  gas  might  be  success- 
fully applied  ;  but  under  the  most  favorable 
conditions  such  a  process  would  have  to 
contend  against  the  disadvantages  inhe- 
rent to  the  use  of  a  manufactured  ma- 
terial instead  of  a  raw  one,  and  the  risks  of 
interruption  in  supply,  or  the  certain  loss 
that  must  always  take  place  in  storing  such 
volatile  materials  as  these  light  hydrocar- 
bons are. 

Proposals  have  recently  been  made  to 
construct  a  special  class  of  steam  vessels  to 
convey  to  this  country  the  kind  of  spirit  it 
is  proposed  to  employ  in  some  of  these  hy- 
drocarbon processes.  The  model  of  a  ves- 
sel is  now  being  exhibited  in  London,  fitted 
with  tanks  having  a  capacity  for  many 
thousand  gallons  of  the  spirit.  By  a  very  in- 
genious arrangement  of  floats  and  valves 
and  spare  tanks,  the  effect  of  expansion  due 
to  variation  of  temperature  is  provided  for, 
and  all  risk  of  explosion  avoided,  although 
the  tanks  are  hermetically  sealed.  A  com- 
pany has  been  formed  in  the  United  States 
to  provide  the  necessary  apparatus  and  store 
tanks  for  collecting  this  highly  volatile 
spirit,  and  it  is  assumed  that  a  quantity 
equal  to  about  200,000  lbs.  will  be  collected 
during  the  year.  Supposing  the  whole  of 
this  material  to  be  shipped  to  England,  the 
quantity  available  for  the  manufacture  of 
illuminating  gas,  after  allowing  for  loss  in 
transit  and  other  contingencies,  is  estimated 
at  about  7,000,000  gallons — a  quantity 
sufficient  to  manufacture  about  400,000,000 
cubic  ft.  of  24  to  25  candle  gas. 

The  author  now  proceeds  to  a  partial  con- 
sideration of  those  processes  in  which  air  is 
to  be  made  the  vehicle  for  conveying  the 
combustible  material  for  the  production  of 
illuminating  gas.  This  idea  was  suggested 
many  years  ago  by  the  late  Mr.  Beale,  of 
East  Greenwich,  and  Mr.  William  Maugh- 
am, the  well-known  lecturer  on  chemistry. 
The  whole  of  the  apparatus  was  contained 
in  a  portable  lamp,  but  it  was  found  so  diffi- 
cult to  manage,  and  the  smell  from  the 
naphtha  vapor  so  disagreeable,  that  the  in- 
vention never  came  into  general  use.  Some 
years  afterwards  the  late  Mr.  Mansfield  took 
out  several  patents  for  lamps  in  which  a  cur- 
rent of  air  was  drawn  through  a  reservoir 
filled  with  benzole,  and  thus  became  satu- 
ated  with  the  hydrocarbon   vapor ;  the  air 
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thus  charged  was  then  consumed  like  ordi- 
nary gas.  During  the  exhibition  of  gas  ap- 
paratus held  in  1851,  several  contrivances 
were  shown  for  carburetting  air.  One,  the 
invention  of  an  American  engineer,  was 
frequently  explained  at  the  lectures  given 
at  the  Polytechnic  Institution.  In  185-4  the 
author  made  a  series  of  experiments  with  an 
apparatus  patented  by  a  Mr.  Longbotham, 
of  Leeds.  This  invention  consisted  of  a 
pair  of  bellows  set  in  motion  by  a  small 
steam  engine.  The  current  of  air  from  the 
bellows  was  forced  through  or  over  pumice- 
stone  saturated  with  oil  of  vitriol  so  as  to 
render  it  thoroughly  dry  ;  it  was  then  driven 
into  a  vessel  containing  highly  rectified  coal 
tar  naphtha  and  benzole,  in  which  gum 
resin  had  been  dissolved  ;  the  air  when  sat- 
urated with  the  vapor  then  passed  into  a 
gas-holder,  from  whence  it  was  conveyed  to 
burners  in  the  ordinary  manner.  In  the 
course  of  these  experiments  it  was  discov- 
ered that  air  gas  requires  burners  with  very 
large  apertures  to  burn  it  properly,  for  any 
undue  pressure  causes  the  vapor  to  sepa- 
rate from  the  air.  Another  matter  was  the 
fallacy  of  the  test  of  permanency.  By  sim- 
ply allowing  the  gas  to  remain  at  rest  in  a 
gas-holder,  the  same  gas  tested  from  the  gas- 
holder showed  scarcely  any  loss  of  illuminat- 
ing power ;  but  after  passing  through  120  ft. 
of  pipe,  it  was  found  to  have  lost  nearly  20 
per  cent.  Another  circumstance  to  which 
attention  was  drawn  is  perhaps  worth 
mentioning :  it  was  that  the  deposition  of 
hydrocarbon  vapors  increases  with  the  quan- 
tity of  gaseous  material  passing  through  a 
given  length  of  pipe.  This  appears  to  arise 
from  the  want  of  homogeneousness  in  the 
structure  of  the  vapors  themselvers.  If 
air  or  combustible  gas  saturated  with  these 
dense  vapors  is  made  to  pass  through  a 
long  length  of  pipe,  at  first  only  a  very  slight 
deposit  w ill  be  observed,  but  in  the  course 
of  a  short  time  a  film  of  viscid  matter  will 
be  found  to  have  collected  on  the  inner  sur- 
faces of  the  pipes;  this  film  gradually  in- 
creases, and  after  a  time  it  will  be  found 
that  a  considerable  quantity  of  liquid  has 
accumulated  from  the  vapors  retarded  by 
this  viscid  film.  Gas  engineers  are  all  more 
or  less  acquainted  with  the  effect  produced 
by  similar  viscid  deposits  in  the  formation 
of  naphthaline  in  coal-gas  mains.  In  1866 
the  author  visited  the  United  States,  and 
while  there  had  the  opportunity  of  seeing  a 
variety  of  processes  for  the  carburetting  of 
air ;  these  were  called  gas  machines.     Most 


of  these  machines  have  been  reproduced  in 
this  country  under  one  title  or  another. 
Within  the  last  six  or  eight  months,  nine 
patents  or  proposals  for  patents  have  been 
brought  forward,  based  on  the  principle  of 
saturating  air  with  highly  volatile  vapors ; 
but  as,  they  all  involve  the  same  general 
character,  they  all  possess  the  same  in- 
herent defects — namely,  want  of  perma- 
nency or  danger  of  explosion.  The  former 
defect  is  due  to  the  variable  character  of 
the  oil  or  spirit  used  for  carburetting  the 
air.  The  higher  the  specific  gravity  of  the 
spirit,  the  more  unstable  are  the  vapors. 
The  author  has  found  some  samples  that 
would  give  off  vapor  freely  at  a  tempera- 
ture of  60  deg ,  but  would  deposit  40  per 
cent,  of  their  volume  if  the  temperature 
were  reduced  to  a  little  above  45  deg.  As 
the  specific  gravity  of  the  spirit  becomes 
lower,  of  course  the  vapor  is  given  off  at  a 
correspondingly  lower  temperature  ;  in  fact, 
in  some  samples  of  spirit  with  which  recent 
experiments  have  been  made,  the  vapor  was 
found  to  be  permanent  considerably  below 
the  freezing  point  of  water.  The  danger 
from  explosion  appears  more  to  arise  from 
the  want  of  a  proper  quantity  of  vapor  in 
the  air  than  from  the  direct  explosive 
property  of  the  spirit  itself.  In  the  United 
States,  where  the  most  serious  accidents 
have  ocourred,  the  causes  of  explosion  have 
been  shown  to  be  the  excess  of  air,  either  from 
the  undue  escape  of  spirit  from  the  saturat- 
ing vessel,  or  the  effect  of  sudden  and  in- 
tense cold  in  checking  the  evaporation  of 
the  spirit,  or,  as  has  been  the  case  in  several 
instances,  the  adulteration  of  the  spirit  with 
a  portion  of  heavy  oil.  But  the  risk  of  ac- 
cident has  become  so  great  that  a  police 
ordinance  has  been  promulgated  at  the  in- 
stance of  the  American  Insurance  Societies 
prohibiting  the  use  of  gasoline,  as  this 
spirit  is  called,  except  in  conformity  with 
certain  special  regulations,  such  as  the  fol- 
lowing:— "  That  no  reservoir  containing  the 
spirit  is  to  be  allowed  to  be  placed  above 
the  ground.  That  no  such  reservoir  is  to 
be  placed  within  a  distance  less  than  80  ft. 
of  any  dwelling-house  or  enclosed  building. 
That  no  reservoir  is  to  bo  filled  with  gaso- 
line after  sunset  or  before  sunrise.  That 
no  reservoir  is  to  be  made  of  any  material 
but  metal,  and  to  be  capable  of  being  her- 
metically sealed." 

One  of  the  most  recent  modes  of  produc- 
ing air  gas  is  by  making  use  of  the  weight 
of  these  vapors   to  induce  saturation.     A 
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vessel  containing  some  fibrous  material  is 
saturated  with  the  hydracarbon  oil.  To  the 
lower  end  of  this  vessel  a  pipe  is  attached, 
terminating  in  an  Argand  burner  with 
stopcock.  On  the  top  of  the  vessel  an 
aperture  is  made  that  can  be  closed  by  a 
metal  cap.  When  the  light  is  required  the 
cap  is  removed,  and  the  top  of  the  burner 
is  opened,  a  current  of  air  is  drawn  through 
the  saturated  material  contained  in  the 
body  of  the  vessel  by  the  descent  of  the 
heavy  vapor,  and  on  applying  a  light  to 
the  burner  £  very  rich  gas  flame  is  pro- 
duced. This  arrangement  is  said  to  be  the 
invention  of  Professor  Greenhous,  of  the 
United  States,  who  claims  to  have  dis- 
covered a  means  of  rendering  these  light 
oils  non-explosive  ;  some  startling  experi- 
ments have  been  exhibited,  but  the  author 
is  not  quite  sure  that  the  results  were  due 
to  any  special  chemical  preparation,  or  to 
the  dexterity  of  the  manipulator.  If  Pro- 
fessor Greenhous  has  discovered  any  method 
by  which  the  volatility  of  these  substances 
cxn  be  controlled,  there  can  be  no  question 
but  that  he  has  conferred  new  value  on 
these  hitherto  dangerous  bodies. 

In  bringing  this  paper  to  a  conclusion, 
the  author  would  observe  that  he  has  pur- 
posely avoided  any  allusion  to  processes  in 
which  the  distillation  of  coal  enters,  because 
he  felt  that  the  mere  mention  of  the  list  of 
inventions  embracing  the  partial  use  of  coal 
in  combination  with  some  form  of  hydro- 
carbon would  have  extended  the  subject 
beyond  all  ordinary  limits ;  he  has,  there- 
fore, confined  himself  to  the  consideration 


of  such  materials  and  processes  as  could  be 
employed  in  the  production  of  illuminating 
gas  without  the  use  of  coal  under  any  form 
whatever. 

And  now,  without  for  one  moment  dis- 
paraging the  efforts  of  those  who  from  time 
to  time  come  before  the  public  with  sugges- 
tions for  improving  the  manufacture  of  gas, 
either  by  destructive  distillation  or  by  a 
combination,  of  chemical  processes,  he  be- 
lieves he  is  warranted  in  coming  to  the  fol- 
lowing conclusions  : — 

1.  That  no  material  or  process  invented 
or  brought  forward  up  to  the  present  time 
can  compete  with  coal  in  the  manufac- 
ture of  illuminating  gas,  except  in  coun^ 
tries  or  localities  where  coal  cannot  be  ob- 
tained. 

2.  That  the  substances  most  suitable  for 
the  manufacture  of  gas  are  those  from 
which  it  can  be  obtained  by  direct  distilla- 
tion, as  in  the  case  of  oils,  resins,  and  woody 
fibre. 

3.  That  no  process  of  gas  manufacture 
can  be  considered  successful  where  the  re- 
sultant gases  are  not  readily  purified,  or, 
where,  after  ordinary  purification,  they  con- 
tain an  excess  of  substances  injurious  to 
animal  life. 

4.  That  no  mere  carburetting  process  can 
be  commercially  successful  until  some  form 
of  hydrocarbon  is  discovered  that  is  perfect- 
ly homogeneous  in  its  chemical  structure, 
and  that  can  be  rendered  sufficiently  non- 
explosive  as  to  admit  of  its  being  trans- 
ported from  place  to  place  or  stored  with 
comparative  safety. 
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By  FREDERICK  AUGUSTUS  ABEL,  F.  R.  S. 


The  almost  complete  monopoly  which 
gunpowder  has,  until  quite  recently,  con- 
tinued to  enjoy,  as  the  explosive  agent  ap- 
plied to  industrial  purposes,  is  not  ascriba- 
ble  to  auy  lack  of  attempts  to  supplant  it  in 
its  various  uses.  It  is  due  partly  to  the 
low  price  at  which  mining  or  blasting  pow- 
der is  manufactured,  but  principally  to  the 
almost  universal  familiarity  with  its  em- 
ployment and  general  effects,  and  to  the 
confidence  in  the  unchangeable  nature  of  its 
behavior  and  properties,  which  are  the  nat- 
ural results  of  its  great  antiquity  and  of  the 
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remarkable  fact,  that  the  most  strenuous 
and  persevering  efforts  to  attain,  by  other 
explosive  agents,  the  results  which  it  fur- 
nishes in  some  of  its  most  important  appli- 
cations (especially  connected  with  war  pur- 
poses), have  hitherto  proved  unsuccessful. 

As  gunpowder  is  simply  a  mechanical 
mixture,  in  variable  proportions,  of  certain 
solid  substances  which  are  capable  of  react- 
ing upon  each  other  chemically,  the  result 
being  the  partial  transformation  of  the  solid 
mixture  into  gaseous  matter  and  the  devel- 
opment of  great  heat,  it  follows  that  the 
explosive  force  which  such  a  mixture  is 
capable  of  exerting  is  liable  to  considerable 
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variation.  Thus,  it  may  be  regulated  by 
the  following  circumstances,  either  sepa- 
rately or  collectively :  the  proportions  in 
which  the  ingredients  are  employed,  the 
degree  of  intimacy  or  completeness  with 
which  they  are  mixed,  and  the  mechanical 
condition  or  form  which  the  mixture  ha-; 
taken.  This  liability  to  a  variation  in  ex- 
plosive force  or  strength,  though  it  consti- 
tutes an  important  advantage  with  respect 
to  some  of  the  uses  of  gunpowder,  has  an 
undoubtedly  detrimental  effect  upon  its 
value  in  many  of  its  applications  to  indus- 
trial purposes,  and  upon  its  position  with 
reference  to  other  explosive  agents,  inas- 
much as  it  has  caused  competition  to  effect 
such  reductions  in  the  cost  (and  consequent 
perfection  of  manufacture)  of  mining  or 
blasting  powder,  as  to  diminish  greatly  the 
results  attainable  with  the  ordinary  de- 
scriptions of  powder  sold  under  those  desig- 
nations. Gunpowder  has  certaia  defects 
which  are  inherent  in  the  material :  thus, 
it  is  liable  to  deterioration  by  keeping,  in 
consequence  of  the  absorption  of  moisture ; 
and  this  is  especially  the  case  with  powder 
made  for  mining  purposes,  because  this 
powder  is  more  porous,  and  less  carefully 
finished,  than  war  powder,  and  also  because 
it  is  generally  made  with  only  imperfectly 
refined,  or  even  with  unrefined,  saltpetre. 
The  quantity  of  smoke  produced  by  the  ex- 
plosion of  powder  is  a  source  of  inconveni- 
ence and  loss  of  time  in  underground  blast- 
ing operations  ;  and  the  circumstance,  that 
if  gunpowder  becomes  ignited  from  any 
cause  it  must  explode  violently,  is  a  con- 
stant source  of  casualties  in  mining  dis- 
tricts. The  proposal  to  render  gunpowder 
safe  in  store  by  diluting  it,  or  interposing 
inert  materials  between  its  grains,  which 
was  revived  by  Mr.  Gale,  in  1865,  has  not 
found  favor,  for  reasons  which  cannot  now 
be  discussed;  but  it  may  be  hoped  that 
careful  legislation  will  shortly  tend  to  re- 
duce the  number  of  accidents,  which  arise 
in  this  country  chiefly  from  the  almost 
inconceivable  recklessness  displayed  in  the 
storage  and  handling  of  gunpowder  by  its 
vendors  in  mining  localities.  Even  then, 
however,  the  casualties  due  to  neglect  of 
ordinary  precautions,  or  to  the  extreme 
carelessness  of  those  using  gunpowder  in 
mines  and  quarries,  are  hardly  likely  to  be 
reduced  in  number. 

The  successful  employment  of  tunnelling 
machines  within  the  last  few  years  has 
demonstrated  more  forcibly  than  could  oth- 


erwise have  been  done,  the  great  advantage, 
in  saving  of  time,  which  must  accrue  from 
the  employment  of  a  more  powerful  blasting 
material  than  common  gunpowder.  But 
even  in  many  ordinary  blasting  operations, 
there  is  no  difficulty  in  showing  that  an 
important  saving  of  time  and  labor  may  be 
effected  in  many  kinds  of  work  by  employ- 
ing a  more  powerful  explosive  agent  than 
blasting  powder;  the  possibility  of  using 
blast  holes  of  reduced  dimensions,  and  of 
increasing  their  distance  from  each  other 
without  detriment  to  the  magnitude  of  the 
results,  being  advantages  of  the  most  obvi- 
ous description.  It  appears  to  have  been 
repeatedly  demonstrated  by  practical  trials, 
that,  in  the  removal  of  hard  rock,  in  tun- 
nelling, and  in  other  operations  of  this  class, 
decided  advantages  are  gained  in  point  of 
rapidity  of  work,  by  the  employment  of 
gunpowder  of  higher  quality  than  ordinary 
mining  powder;  but  those  advantages  will 
not  bear  comparison  with  the  results  attain- 
able by  the  employment  of  certain  explosive 
agents  of  a  decidedly  more  violent  charac- 
ter. There  are,  however,  some  directions 
in  which  ordinary  blasting  powder  does  not 
appear  to  be  replaceable  with  advantage,  if 
at  all,  by  the  explosive  agents  which  are 
formidable  rivals  to  it  in  other  directions. 

Before  discussing  the  substances  which 
Lave  been  proposed  and  employed  as  sub- 
stitutes for  gunpowder  in  industrial  opera- 
tions, it  may  be  advisable  to  refer  in  very 
few  words  to  the  action  of  that  substance, 
and  others  of  a  similar  nature.  The  ex- 
plosive properties  of  a  mixture  of  saltpetre, 
charcoal,  and  sulphur,  such  as  gunpowder, 
are  primarily  due  to  the  powerlul  oxidizing 
power  of  the  nitric  acid  compound  known  as 
saltpetre  (or  nitrate  of  potash),  or,  in  other 
words,  to  the  rapid  and  energetic  manner 
in  which  oxidizable  substances  (such  as 
carbon)  are  burned  by  the  oxygen,  of  which 
saltpetre  contains  a  large  supply,  held  in 
feeble  combination,  and  therefore  ready  at 
any  time  to  enter  into  more  stable  combi- 
nations with  other  substances,  when  condi- 
tions favorable  to  chemical  change  are  ful- 
filled. Nitric  acid  itself,  in  the  free  state, 
possesses  this  same  property  of  violently 
attacking  oxidizable  bodies,  and  combina- 
tions of  that  acid  with  other  metals  (e.g., 
sodium  and  barium)  are  obviously  also 
endowed  with  similar  oxidizing  power. 
The  violence  of  explosions  developed 
through  the  agency  of  these  substances 
depends  upon  the  energy  and  rapidity  wi:h 
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which  they  attack  oxidizable  substances, 
upon  the  volume  of  gas  or  vapor  rapidly  or 
suddenly  liberated  by  the  chemical  change, 
and  upon  the  heat  developed  by  that  change. 
It  also  depends,  in  some  measure,  and  to  a 
variable  extent,  upon  the  conditions  under 
which  the  chemical  reaction  between  the 
substances  cor. stitu ting  the  explosive  mix- 
ture is  developed. 

The  oxidizing  properties  possessed  by 
nitric  acid  and  the  nitrates  are  shared  by 
numerous  other  bodies  known  to  chemists, 
among  others  by  a  class  of  compounds  of 
analogous  nature  to  the  nitrates,  known  as 
chlorates,  in  which  the  large  supply  of 
oxygen  is  held  in  comparatively  very 
feeble  combination  by  chlorine,  as  in  the 
nitrates  it  is  held  combined  by  nitrogen. 
The  chlorates  are  much  more  readily  de- 
composed, and  are  therefore  more  power- 
ful oxidizing  agents,  than  the  nitrates,  and 
hence,  when  mixed  with  oxidizable  sub- 
stances, such  as  carbon  and  sulphur,  they 
furnish  more  violently  explosive  mixtures. 

Ever  since  the  chlorate  of  potash  has 
been  produced  upon  a  manufacturing  scale, 
attempts  have  been  made  from  time  to 
time  to  utilize  its  comparatively  violent 
oxidizing  power  in  the  production  of  ex- 
plosive mixtures  more  powerful  than  gun- 
powder, and  applicable  to  its  various 
uses. 

Preparations  consisting  of  chlorate  of 
potash  mixed  with  certain  sulphides,  with 
the  prussiates  of  potash,  with  sugar  or 
starch,  these  substances  being  either  em- 
ployed alone  or  in  admixture  with  sulphur 
and  other  substances,  have  been  brought  for- 
ward at  various  times,  and  under  a  variety 
of  names,  as  gunpowder-substitutes,  the 
earliest  of  them  being  known  as  German 
gunpowder,  and  white  gunpowder;  but 
the  property  which  they  all  possess,  of  be- 
ing exploded  when  submitted  to  compara- 
tively moderate  friction  or  percussion,  was 
alone  sufficient  to  prevent  their  being 
accepted  as  practically  useful  explosive 
agents,  even  if  decided  advantages  could 
have  been  established  for  them  by  a  proper 
comparison  of  their  cost  and  efficiency  with 
those  of  gunpowder.  Ingenious  attempts 
have  been  made  to  reduce  the  dangerous 
nature  of  chlorate  of  potash-mixtures  by 
impregnating  or  covering  them  with  inert 
materials  designed  to  serve  as  protective 
agents,  by  absorbing  or  deadening  the 
violence  of  blows,  friction,  or  concussion  to 
which  they  might  be  subject;   but,  while 


such  contrivances  were  only  partially  suc- 
cessful in  guarding  against  liability  to  acci- 
dent, they  so  considerably  reduced  the 
rapidity  and  violence  of  explosion  of  the 
materials  to  which  they  were  applied,  as  to 
preclude  these  from  competing  successfully 
with  powder  from  an  economical  point  of 
view. 

A  few  comparatively  safe  preparations 
containing  chlorate  of  potash  have,  how- 
ever, been  devised,  some  of  which  have 
furnished  results  in  competition  with  pow- 
der, as  mining  and  quarrying  agents,  so  far 
favorable  as  to  render  it  probable  that  they 
would  have  met  with  somewhat  extensive 
application,  but  for  the  practical  develop- 
ment of  another  class  of  explosive  agents, 
which  have  within  the  last  few  years  be- 
come formidable  rivals  of  gunpowder.  These 
chlorate-preparations  are  of  several  descrip- 
tions ;  one  kind  consists  of  mixtures  of  the 
salt  with  organic  substances  containing, in  ad- 
dition to  carbon,  a  considerable  proportion 
of  hydrogen,  such  as  powdered  nut-galls, 
tannin,  and  resins.  The  preparation  of 
powdered  nut-galls  and  chlorate,  known  as 
Horsley's  powder,  which  may  be  considered 
the  type  of  these  mixtures,  has  been  found 
in  practice  to  possess  decided  superiority 
over  gunpowder  in  regard  to  violence  of 
action,  and  to  be  much  safer  than  any 
chlorate-preparation  previously  used.  An- 
other preparation,  in  which  chlorate  of  pot- 
ash was  applied  with  comparative  safety  to 
blasting  and  other  purposes,  was  first  de- 
vised by  Messrs.  Hochstadter  in  .1860,  and 
subsequently  reproduced  with  slight  modi- 
fication by  M.  Eeichen.  Strips  of  bibulous 
paper  were  soaked  in  a  pasty  mass  consist- 
ing essentially  of  a  mixture  of  chlorate  of 
potash,  saltpetre,  charcoal  (and  small  quan- 
tities of  other  readily  oxidizable  substances), 
together  with  a  little  gum  or  other  binding 
material  dissolved  in  water.  The  paper 
became  coated  with  the  explosive  mixture, 
and,  at  the  same  time,  impregnated  with 
the  oxidizing  salts,  of  which  it  absorbed  part 
of  the  solution  ;  the  strips  were  rolled  up 
tightly  while  wet,  and  when  dry  furnished 
hard  and  compact  cylindrical  masses,  which 
were  violently  explosive  when  confined,  but 
resisted  detonation  to  a  very  high  degree 
when  submitted  to  percussion  or  friction. 

Some  other  comparatively  safe  applica- 
tions have  been  made  of  chlorate  of  potash 
to  the  preparation  of  explosive  agents  for 
mining  purposes,  by  only  partly  leplacing 
saltpetre   with   it  in   mixtures    of    similar 


EXPLOSIVE    AGENTS  APPLIED    TO    INDUSTRIAL   PURPOSES. 


335 


composition  to  ordinary  gunpowder,  or  con- 
taining sulphides  besides  free  sulphur.  A 
substance  called  Tutonite,  for  which  special 
advantages  as  a  blasting  agent  have  recently 
been  claimed,  appears  to  belong  to  this 
class  of  preparations.  It  possesses  the 
peculiarity  of  being  made  up  in  the  form 
of  somewhat  hard  pellets  or  disks,  instead 
of  being  in  the  granulated  or  pulverulent 
form. 

A  few  explosive  agents  have  been  ap- 
plied as  substitutes  for  gunpowder  (and 
proposed  in  the  first  instance  purely  for 
industrial  purposes)  which  present  this 
peculiarity — that  their  claim  to  considera- 
tion has  been  based,  not,  or  only  in  a  minor 
degree,  upon  superiority  in  point  of  power, 
but  upon  special  advantages  in  point  of 
economy,  safety  in  manufacture  and  use, 
and  peculiar  fitness  for  employment  as 
blasting  agents.  One  of  these  was  spe- 
cially a  "safety-powder,"  devised  bjT  Messrs. 
Kellow,  and  manufactured  near  Plymouth 
a  few  years  ago.  It  consisted  of  spent  tan  and 
sawdust,  which  were  saturated  with  salt- 
petre or  nitrate  of  soda  and  a  little  chlorate 
of  potash,  the  product  being  afterwards 
very  crudely  mixed  with  sulphur.*  This 
preparation  simply  deflagrated  with  some 
difficulty  when  set  fire  to  in  open  air ;  but 
when  used  with  tamping,  in  the  ordinary 
way,  it  appears  to  have  competed  very 
fairly  with  blasting  powder.  Another  blast- 
ing agent  of  this  class  was  invented  in  1862 
by  a  Belgian  officer,  Captain  Wynants,  and 
consisted  of  a  mixture  of  charcoal  and  ni- 
trate of  baryta  either  alone  or  with  a  pro- 
portion of  saltpetre.  The  objects  aimed  at 
in  producing  this  "  poudre  barytique,"  or 
"  saxifragine,"  were,  in  addition  to  economy, 
the  production  of  a  powder  which  should 
act  with  gradually  accumulating  force,  and 
which  should  only  be  applicable  as  a  blast- 
ing powder,  so  that  supplies  placed  in  the 
hands  of  miners  could  not  be  diverted  to 
other  purposes.  The  first-named  object 
was  certainly  attained,  the  baryta-powder 
being  comparatively  very  slow-burning ; 
and  its  special  characters  are  such  that  its 
application  could  not  but  remain  limited  to 
ordinary  mining  and  quarrying  uses,  al- 
though its  inventor  did  after  a  time  propose 
that  it  should  be  applied,  by  admixture 
with  ordinary  cannon-powder,  to  moderate 
and  regulate  the  pressure  exerted  by  heavy 


*  A  blasting;  powder,  now  being  manufactured  under  the 
name  of  '*  Pyrolitae,"  bears  the  close  resemblance  to  Keilow's 
powder  in  its  composition. 


charges  in  guns  of  large  calibre  ;  a  result 
which  has  been  attained  with  great  suc- 
cess, and  in  a  more  philosophical  and  practi- 
cally efficient  manner,  by  simple  modifica- 
tions of  the  physical  and  mechanical  condi- 
tion of  ordinary  gunpowder. 

It  may  not  be  out  of  place  to  refer  briefly 
to  the  fallacious  belief,  which  appears  to  be 
frequently  entertained  by  inventors  of  ex- 
plosive agents  for  blasting  purposes,  namely 
that  a  material  which  is  capable  of  com- 
peting successfully  with  powder,  or  of  main- 
taining a  superiority  over  it,  in  mining 
operations,  must  also  possess  corresponding 
points  of  superiority  over  gunpowder  ap- 
plied to  artillery,  small  arms,  and  other 
war  purposes.  Less  smoke,  less  fouling, 
and  greater  penetrative  power  are  points 
of  superiority  often  claimed  for  prepara- 
tions, which,  like  the  mixture  of  chlorate 
of  potash  with  nut-galls  and  similar  pro- 
ducts, are  to  some  extent  successful  rivals 
of  gunpowder  in  its  industrial  applications, 
but  which  cannot  be  made  to  combine  the 
comparatively  gradual  action  of  powder  with 
the  uniformity  essential  for  artillery  or  small 
arms.  A  high  explosive  power  is.  further- 
more, not  the  only  essential  qualification  of 
a  powder  or  other  preparation  to  be  em- 
ployed in  shells  or  in  military  engineering 
operations.  Freedom  from  liability  to  ex- 
plosion by  the  violent  concussion  to  which  a 
shell  is  exposed  in  the  bore  of  a  gun ; 
safety  in  transport  and  during  manipula- 
tions by  wiich  the  material  may  be  subject 
to  friction  or  concussion,  are  among  the 
most  indispensable  conditions  to  the  appli- 
cation of  the  explosive  agent  to  service  pur- 
poses, and  are  not  to  be  set  aside  by  the 
impracticable  alternative,  almost  invariably 
suggested  as  an  important  advantage  by  the 
proposer  of  a  new  explosive  mixture, 
namely,  that  of  keeping  the  ingredients, 
which  in  themselves  are  harmless,  separate 
until  just  before  the  material  is  required" 
for  use,  thereby  postponing  any  risk  of  ac- 
cident, but  accumulating  it  within  a  period 
when  it  can  least  readily  be  guarded 
against,  and  resorting  to  wasteful  expendi- 
ture of  sources  of  force,  in  the  shape  of 
crude  mixtures,  as  a  means  of  partially 
counteracting  those  very  properties  which 
render  the  material  specially  valuable 
when  applied  to  its  legitimate  uses. 

One  other  class  of  explosive  mixtures,  of 
which  either  saltpetre  or  chlorate  of  potash 
is  an  essential  ingredient,  must  be  briefly 
referred  to,  because,  though  their  applica- 
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tion  to  blasting  purposes  has  only  been  at- 
tempted to  a  limited  extent,  they  have 
lately  attracted  some  attention,  as  being 
agents  o.f  considerable  power. 

Among  the  numerous  products  obtained 
by  the  action  of  nitric  acid  upon  materials 
of  organic  (animal  or  vegetable)  origin,  one 
of  the  earliest  discovered  possessing  explo- 
sive properties  is  the  product  known  as 
picric  acid,  or  carbazotic  acid,  which  is  fur- 
nished in  that  way  by  indigo  and  various 
other  organic  substances.  Though  dis- 
covered in  1788,  it  was  only  prepared  in 
small  quantity  until  within  the  last  twenty 
years,  but  it  is  now  readily  manufactured 
from  the  coal-tar  product  known  as  carbolic 
acid,  and  has  recently  become  an  important 
article  of  commerce  as  a  che  sp  and  bril- 
liant yellow  dye.  Its  salts  are  all  more  or 
less  explosive,  the  picrate  of  potash,  one  of 
those  most  easily  prepared,  being  especially 
so.  This,  when  mixed  with  saltpetre  or 
chlorate  of  potash,  particularly  with  the 
latter,  furnishes  products  which,  in  violence 
of  action,  more  nearly  resemble  gun  cotton 
and  nitroglycerine-preparations  than  does 
any  other  readily  procurable  explosive 
a^ent.  Both  mixtures  are  susceptible  of 
detonation  by  friction,  and  especially  that 
containing  chlorate  of  potash,  which  is  in- 
deed inapplicable  to  practical  purposes  on 
account  of  its  dangerous  nature.  M.  Desig- 
nolle  devoted  considerable  attention,  a  few 
years  ago,  to  the  production  of  safer  mix- 
tures of  picrate  of  potash  for  artillery  and 
small  arms,  and  for  blasting  purposes  ;  one 
of  these,  consisting  of  picrate  of  potash, 
saltpetre,  chlorate  of  potash,  and  charcoal, 
was  experimented  with  at  Le  Bouchet  on  a 
considerable  scale  about  four  years  ago 
with  some  favorable  results  ;  but  the  ex- 
periments were  abandoned  in  consequence 
of  a  disastrous  explosion  which  occurred  at 
a  factory  in  Paris  where  considerable  quan- 
tities of  picrate  of  potash  were  stored. 
Much  more  satisfactory  results  have  been 
recently  obtained  in  this  country  in  Govern- 
ment experiments  with  a  preparation  con- 
taining another  salt  of  picric  acid,  the 
picrate  of  ammonia,  which,  by  incorpora- 
tion with  saltpetre,  furnishes  one  of  the 
safest  explosive  mixtures  of  a  violent 
character  yet  produced  ;  and  though  it  can- 
not compete  with  nitroglycerine-prepara- 
tions or  gun-cotton  in  regard  to  its  explo- 
sive force,  yet  it  is  decidedly  stronger  than 
gunpowder.  It  is,  moreover,  of  perfectly 
stable  character,  is  readily  manufactured  in 


the  same  way  as  ordinary  gunpowder,  and 
its  cost  is  moderate.  It  has  been  hitherto 
experimented  with  almost  exclusively  in 
reference  to  the  desirability  of  providing  the 
service  with  a  shell-powder  more  powerful 
than  gunpowder,  and  capable  of  sustaining 
the  concussion  of  the  discharges  in  heavy 
guns  without  the  slightest  risk  of  proma- 
ture  explosion.  These  requirements  ap- 
pear to  be  satisfactorily  fulfilled  by  it,  and 
a  considerable  quantity  has  recently  been 
manufactured  for  the  purpose  of  comparing 
it  with  gunpowder  and  other  explosives  as 
an  agent  for  submarine  operations. 

Various  other  products  of  the  action  of 
nitric  acid  upon  substances  of  organic  origin 
are  endowed  with  explosive  properties,  but 
only  two  of  these  have,  up  to  the  present 
time,  received  successful  application  as  sub- 
stitutes for  gunpowder ;  and  it  is  by  prepa- 
rations of  these  two  substances,  nitroglyce- 
rine and  gun-cotton,  that  gunpowder  has 
been  replaced  with  considerable  advantage 
in  some  of  its  important  industrial  applica- 
tions. 

Gun-cotton  and  nitroglycerine  were  dis 
covered  within  two  years  of  ^ach  other; 
but,  while  attempts  were  almost  imme- 
diately made  to  apply  gun-cotton  to  indus- 
trial purposes,  its  nature  and  the  conditions 
essential  to  its  successful  development  as  a 
useful  and  reliable  explosive  agent  being  at 
the  time  very  imperfectly  understood,  nitro- 
glycerine was  destined  to  remain  a  chemi- 
cal curiosity  for  about  sixteen  years.  It 
need  scarcely  be  said  that  gun-cotton  did 
not  long  maintain  the  advanced  position 
into  which  it  was  forced  at  an  early  stage 
of  its  history.  Disastrous  accidents  in 
England  and  in  France,  which  occurred 
within  three  years  of  its  discovery,  com- 
pletely destroyed  the  unbounded  confidence 
too  hastily  placed  in  the  mastery  supposed 
to  have  been  attained  over  its  manufacture 
and  properties;  they  led  to  its  entire 
abandonment  in  England  and  in  France 
for  about  sixteen  years,  and  it  was  only 
in  Germany  that  faith  in  its  ultimate  suc- 
cess was  not  altogether  lost,  thanks  to  the 
untiring  perseverance  of  an  Austrian  artil- 
lery officer.  Yet  the  early  applications  of 
gun-cotton,  especially  in  England,  were  not 
without  importance  ;  the  well-known  gun- 
powder makers,  Messrs.  Hall,  of  Faver- 
sham,  entered  energetically  upon  its  manu- 
facture within  a  year  of  its  discovery ;  its 
important  superiority  over  gunpowder  in 
many  mining  and  blasting  operations  was 
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soon  made  manifest,  and  the  demand  for 
mining  charges  (consisting  oc  gun-cotton 
wool  tightly  rammed  into  card-board  cases) 
was  steadily  inci  easing,  when  Messrs.  Hall's 
works  were  destroyed  by  the  explosion  of 
1847.  Numerous  specimens  of  gun-cotton, 
made  soon  after  the  announcement  of  Schon- 
bein's  discovery,  have  remained  quite  un- 
changed to  this  day ;  these  and  portions  of 
the  products  of  manufacture  at  Faversham, 
some  of  which  after  having  been  buried 
since  the  time  of  the  explosion,  were  recov- 
ered nine  years  ago,  and  are  now  in  a  per- 
fect condition,  demonstrate  that  even  in  those 
days  stable  gun-cotton  was  sometimes  pro- 
duced, and  indicate  that  the  accidents  at 
Faversham  and  in  France,  which  appear 
beyond  doubt  to  have  arisen  from  sponta- 
neous ignition  during  manufacture  or  stor- 
age, were  due  rather  to  uncertainty  ill  re- 
gard to  the  quality  of  the  product  obtained, 
than  to  an  inherent  instability  of  the  prop- 
erly prepared  material. 

It  was  not  until  1  64  that  gun-cotton 
again  began  to  receive  attention  at  the 
hands  of  practical  men  in  this  country,  as 
an  explosive  agent  susceptible  of  applica- 
tion to  industrial  purposes.  Its  manufac- 
ture had  in  the  meantime  been  carefully 
studied  and  decidedly  improved  by  Baron 
von  Lenk,  who  had  also  devised  a  system  of 
applying  gun-cotton  which  appeared  to  af- 
ford prospects  of  rendering  it  much  more 
readily  susceptible  of  adaptation  to  different 
purposes  than  the  original  gun-cotton  wool 
of  Schonbein.  The  cotton  was  spun  into 
loose  threads  or  yarn  before  conversion,  and 
the  finished  gun-cotton  yarn  was  either 
wound,  or  plaited,  or  twisted  into  rope,  ac- 
cording to  the  purpose  for  which  it  was  to 
be  used,  whether  in  guns,  small  arms, 
shells,  or  mines.  Yon  .  Lenk's  mining 
charges  consisted  of  pieces  of  suitable 
length  of  a  compact  gun-cotton  twist  or 
rope,  kept  hollow  in  the  centre,  for  the 
double  purpose  of  receiving  the  fuze,  and  of 
causing  the  charge,  when  inflamed,  to  ignite 
throughout  more  readily  than  it  would  if 
quite  solid,  unless  strongly  confined.  Gun- 
cotton  in  this  form  was  made  the  subject  of 
an  extensive  series  of  experiments  by  Baron 
von  Ebner,  of  the  Imperial  Austrian  Engi- 
neers, with  the  view  of  testing  its  applica- 
bility to  the  various  military  and  civil  min- 
ing and  engineering  operations  to  which 
gunpowder  is  applied.  For  blasting  in  hard 
rock,  the  operation  being  conducted  just  as 
with  gunpowder,  the  force  of  gun-cotton 
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was  found  to  be  so  superior  that,  spite  of  its 
c  jmparatively  high  price  when  made  accord- 
ing to  von  Lenk's  system,  a  decided  saving 
in  cost  was  effected.  In  comparatively  soft 
rock  the  results,  though  less  marked,  were 
still  advantageous,  provided  the  rock  was 
free  from  fissures;  if  these  existed  in  any 
kind  of  rock,  the  efficiency  of  the  gun-cotton 
was  more  or  less  seriously  interfered  with, 
as  its  full  explosive  force  was  not  developed 
unless  the  material  was  closely  confined  at 
the  moment  of  explosion.  For  submarine 
operations,  gun-cotton  in  the  form  of  rope 
offered  decided  advantages  over  powder, 
provided  it  was  confined  in  strong  cases, 
and  gun-cotton  was  consequently  adopted 
as  the  explosive  agent  in  the  submarine 
mines  which  were  applied  to  defensive  pur- 
poses by  the  Austrians  in  their  last  war. 
The  absolute  necessity  for  strong  confine- 
ment of  the  material  was,  however,  a  serious 
obstacle  to  its  ready  and  effective  employ- 
ment in  open  air  operations,  such  as  the 
destruction  of  stockades,  or  the  hasty  demo- 
lition of  bridges,  buildings,  or  works ;  for 
although  Baron  von  Ebner  described  some 
i  successful  operations  in  his  report,  the  gun- 
cotton  having  been  confined  in  cases  con- 
structed of  stout  wood  and  sheet  metal,  the 
fact  that  even  strong  receptacles  of  this 
kind  could  not  be  relied  upon,  to  afford  the 
initial  resistance  essential  to  the  proper  ex- 
plosion of  the  gun-cotton,  was  demonstrated 
by  repeated  failures  in  the  course  of  the 
demolition  of  works  at  Corfu  by  the  Eoyal 
Engineers  in  1863,  when  attempts  were 
made  to  apply  large  charges  of  gun-cotton 
rope,  furnished  for  the  purpose  in  specially 
constructed  cases  by  the  Austrian  Govern- 
ment. 

The  explosion,  in  1862,  of  a  magazine 
near  Vienna,  where  28  cwt.  of  gun-cotton 
were  stored  with  a  quantity  of  gunpowder, 
and  one  of  much  greater  magnitude  in  1865, 
of  neither  of  which  any  satisfactory  expla- 
nation was  afforded,  led  to  the  abandonment 
of  gun-cotton  in  Austria ;  but,  meanwhile, 
experience  in  the  manufacture  of  the  mate- 
rial according  to  von  Lenk's  system,  and  in 
its  application  to  industrial  and  other  pur- 
poses, was  being  acquired  in  this  country. 

In  October,  1864,  at  which  time  gun- 
cotton  manufactured  by  Messrs.  Prentice, 
of  Stowmarket,  was  already  being  used  to 
an  experimental  extent  in  some  mining  dis- 
tricts in  England,  the  special  committee 
appointed  by  Government,  under  the  presi- 
dency of  Sir  Edward  Sabine,  to,  investigat© 
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the  merits  of  gun-cotton  made  and  used 
according  to  the  Austrian  system,  instituted 
a  series  of  comparative  experiments  with 
gunpowder  and  gun-cotton  in  the  lead  mines 
and  quarries  of  Mr.  W.  B.  Beaumont,  M.  P., 
near  Allenheads.*  In  attempting  to  form 
some  estimate  of  the  relative  power  and 
efficiency  of  the  two  explosives,  the  commit- 
tee became  strongly  impressed  with  the 
great  difficulty  of  instituting  really  com- 
parative blasting  and  quarrying  operations. 
In  rock  which  appears  uniform  and  quite 
sound,  the  blasting  often  brings  to  light 
veins,  shakes  or  fissures  which  render  a 
comparison  of  work  done  in  two  contiguous 
portions  impossible.  Even  in  very  homo :e- 
neous  hard  rock,  differences  in  structure 
occur  which  modify  the  resistance  opposed 
to  the  explosive  agent,  while  it  is  almost 
impossible  to  have  two  blast-holes,  for 
comparative  experiments,  so  placed  in  ac- 
tual practice  that  their  position  with  refer- 
ence to  the  exposed  surfaces  or  faces  of  the 
rock,  or,  in  other  words,  the  direction  of 
least  resistance,  should  be  more  than  ap- 
proximately alike.  The  results  obtained  at 
Allenheads  were  in  most  instances  favora- 
ble to  gun-cotton,  bulk  for  bulk  ;  but  they 
varied  considerably  among  themselves  for 
the  reasons  given,  and  the  committee  could 
not  attempt  to  express  any  decided  opinion 
as  to  what  might  be  considered  the  relative 
equivalents  of  gunpowder  and  gun-cotton 
used  on  the  'Austrian  plan.  One  of  the 
committee,  Mr.  Sopwith,  M.  Inst.  C.E., 
whose  judgment  in  these  matters  is  entitled 
to  great  consideration,  believed  that  trust- 
worthy data  regarding  the  relative  power 
of  different  explosive  agents  would  be  best 
obtained  by  performing  blasting  experi- 
ments in  artificially  prepared  homogeneous 
masses  as  closely  alike  as  could  possibly  be 
insured ;  he  suggested  blocks  of  carefully 
prepared  concrete  as  a  suitable  material. 
A  few  experiments  on  a  comparatively 
small  scale,  which  the  Author  executed 
with  concrete  blocks,  indicated  that  more 
trustworthy  results  might  thus  be  obtained 
than  by  comparing  the  results  of  ordinary 
blasting  operations  ;  but  precise  experiments 
in  this  direction  have  as  yet  been  of  a 
limited  character. 

One  decided  advantage  which  gun-cotton 
was  found  to  possess  as  a  blasting  agent,  in 
the    experiments    of    the    committee,    and 

*  Reports  relative  to  the  application  of  gun-cotton  to  mining 
and  quarrying  operations,  printed  foi  the  House  of  Commons, 
April,  1869. 


which  was  confirmed  by  practical  ex- 
perience in  underground  work,  was  the  ab- 
sence of  smoke ;  the  miners  were  enabled 
to  return  to  their  work  in  a  much  shorter 
time  alter  a  blast  with  gun-cotton  than 
when  powder  was  used ;  but  this  was  not 
the  case  if  the  rock  operated  upon  was  un- 
sound, or  if  the  resi  tance  opposed  to  the 
gun-cotton  was  insufficient  to  develop  its 
full  explosive  force  ;  the  incomplete  explo- 
sion of  gun-cotton  being  attended  by  the 
development  of  vapors  of  an  irritating 
character,  which  could  not  be  inspired  with- 
out much  inconvenience.  An  important 
objection  to  the  Austrian  mining  chargos 
of  gun-cotton  rope  was  the  comparatively 
loose  condition,  or  the  want  of  rigidity,  of 
the  material,  which  caused  it  to  be  easily 
altered  in  shape  (or  upset)  if  any  force  were 
used  in  pushing  a  somewhat  tightly-fitting 
charge  down  a  hole ;  if  an  attempt  was  then 
made  to  drive  home  the  charge  it  became 
tightly  jammed,  and  several  accidpnts  oc- 
curred in  consequence  of  the  explosion  of 
charges  of  gun-cotton-rope  by  the  great 
friction  to  which  portions  were  exposed  in 
the  violent  treatment  adopted  by  the  miners 
in  driving  a  jammed  charge  home. 

Some  little  advantage  was  derived  with 
the  gun-cotton-rope  charges  from  an  in- 
crease in  the  amount  of  tamping  which 
could  be  introduced  into  holes  of  a  given 
length,  owing  to  some  reduction  in  the 
length  of  charge  required  as  compared  with 
powder  ;  but  the  gain  in  this  direction  was 
greatly  increased  when  the  Austrian  form 
of  charge  was  replaced  by  compressed  gun- 
cotton  in  1868.  The  density  of  the  former  was 
—about  30  lbs.  per  cubic  loot,  while  that  of 
the  latter  was  about  60  lbs. ;  this,  and  the 
difference  in  the  form  of  the  charges,  caus- 
ed the  compressed  gun-cotton  to  occupy 
somewhat  less  than  half  the  space  of  the 
rope- charges  ;  hence  the  blast-holes  could 
be  reduced  in  length  and  diameter,  or  a 
considerably  larger  amount  of  tamping 
could  be  used ;  or,  if  necessary,  a  largo 
charge  of  gun-cotton  could  be  employed  in 
any  one  opeiation.  The  smooth  and  hard 
exterior  of  the  cylindrical  charges  of  com- 
pressed gun-cotton  rendered  the  operation 
of  loading  with  them  comparatively  easy, 
and  it  was  only  in  rugged  and  uneven  holes 
that  there  was  a  liability  of  the  charge  to 
become  jammed.  Accidental  ignitions  and 
explosions  have,  however,  occurred  with  com- 
pressed gun-cotton,  in  consequence  of  the 
great  amount  of  violence  used  in  forcing  or 
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driving  home  the  charge.  If  it  should 
happen  to  be  ignited  by  powerful  friction 
just  as  the  force  of  a  blow  is  spent  and  the 
jumper  or  driving-rod  is  being  withdrawn, 
it  will  simply  burn,  but  if  the  ignition 
takes  place  while  the  implement  is  pressing 
upon  the  charge,  the  full  force  of  the  ope- 
rator being  perhaps  applied  at  the  moment, 
the  conditions  are  obviously  the  same  as 
though  the  gun-cotton  were  firmly  tamped, 
and  a  violent  explosion  must  result.  It  is  a 
question,  however,  whether,  if  wooden 
tamping-rods  had  been  used  in  the  place  of 
metal  tools,  the  accidents  which  have  oc- 
curred in  charging  holes  with  gun-cotton 
might  not  have  been  in  a  great  measure 
avoided.  In  addition  to  the  advantages 
which  have  been  pointed  out  as  resulting 
from  the  production  of  compressed  gun- 
cotton,  there  are  some  others  which  have 
a  direct  bearing  upon  its  application  to 
industrial  purposes.  The  employment  of 
cotton  waste  in  its  production,  in  place  of 
long  staple  cotton  of  high  quality,  which 
was  required  in  the  manufacture  of  the 
Austrian  gun-cotton,  and  the  important 
saving  of  time  effected  in  the  manufacture 
of  mining  charges,  have  led  to  a  consider- 
able cheapening  of  the  material.  The  in- 
corporation of  at  least  ten  hundred  weight 
of  gun-cotton  at  one  time,  in  the  purifying 
process  which  it  undergoes  after  reduction 
to  pulp)  and  before  it  is  pressed  into 
charges,  gives  rise  to  far  greater  uniformity 
than  could  possibly  be  attained',  even  with 
the  most  extreme  care,  when  the  products 
of  separate  small  operations  of  manufacture 
were  directly  converted  into  charges.  The 
circumstance  that  the  compressed  charges 
do  not  burn  with  the  explosive  violence  ex- 
hibited by  spun  gun-cotton,  even  if  they 
are  confined  in  the  packing-cases  ordinarily 
used,  renders  the  material  much  safer  to 
store  and  handle,  and  has  reduced  consider- 
ably the  chances  of  explosions  resulting 
from  the  accidental  ignition  of  the  material 
during  transport  and  in  store.  An  addi- 
tional and  important  element  of  safety 
arises  from  the  superior  efficiency  of  the 
purifying  treatment  to  which  the  gun-cot- 
ton is  subjected  in  the  finely-divided  form, 
as  compared  with  the  old  system  of  wash- 
ing the  long  fibres  of  gun-cotton. 

One  of  the  chief  advantages  of  compressed 
gun-cotton  consists  in  the  convenient  and 
safe  form  in  which  the  charges  are  fur- 
nished to  the  miners,  who  carry  them 
about   and  handle   them   without   fear   or 


risk  of  accident;  unfortunately,  this  ad- 
vantage cannot  but  constitute  occasionally 
an  indirect  source  of  danger,  as  an  over- 
confidence  in  the  safety  of  the  material 
will  lead  the  miner  to  forget  at  times  that 
he  is  dealing  with  an  explosive  agent,  and 
hence  he  will  occasionally  perform  reckless 
acts  in  charging  the  blast  holes,  which  must 
inevitably  result  in  disaster. 

One  or  two  other  special  advantages 
have  resulted  from  the  conversion  of  gun- 
cotton  into  homogeneous  compressed  masses, 
but  these  will  be  dealt  with  more  appro- 
priately when  the  methods  of  applying  the 
companion  explosive  agent,  nitroglycerine, 
have  been  examined  into. 

Nitroglycerine  has  been  raised  from  the 
position  which,  as  already  stated,  it  held 
for  sixteen  years  as  a  rare  and  apparently 
useless  chemical  product  to  that  of  a  most 
important  chemical  industrial  agent,  entirely 
through  the  skill,  ingenuity,  and  persever- 
ance of  Mr.  Alfred  Nobel.  While  repeated 
efforts  were  made  to  utilize  gun-cotton  and 
to  perfect  its  manufacture,  nitroglycerine 
continued  to  be  regarded  by  chemists  as 
akin  to  the  chloride  of  nitrogen  with  in- 
spect to  its  uncontrollably  dangerous  char- 
acter and  its  instability,  and  as  being 
utterly  unsusceptible  of  practical  applicatk  n, 
partly  on  account  of  the  difficulty  of  bring- 
ing about  its  explosion  by  practicable 
methods,  and  partly  on  account  of  the 
great  danger  supposed  to  attend  its  manu- 
facture and  all  manipulations  connected 
with  it. 

At  about  the  time  when  the  Austrian 
improvements  in  the  application  of  gun- 
cotton  began  to  receive  attention  in  England, 
Mr.  Nobel  made  public  his  first  attempts  to 
apply  nitroglycerine  to  practical  purpo;  es. 
In  1863  he  proposed  to  add  to  the  explo- 
sive power  of  gunpowder  used  in  the  ordi- 
nary way  by  impregnating  the  grains  with 
nitroglycerine.  This  proposal  was  speedily 
followed  by  Mr.  Nobel's  discovery  of  a 
satisfactory  method  of  developing  the  ex- 
plosive force  of  nitroglycerine,  either  in  its 
pure  state  or  in  admixture  with  other  sub- 
stances. The  fact  that  nitroglycerine  and 
analogous  bodies  are  only  slowly  burned  or 
gradually  decomposed  when  brought  into 
contact  with  an  ignited  body  in  the  open, 
air,  unlike  gunpowder  and  other  explosive 
mixtures,  led  Mr.  Nobel  to  conclude  that  it 
was  necessary,  in  order  to  determine  their 
explosion,  to  raise  them,  or  some  portion  of 
them,  rapidly  to  the  temperature  at  which. 


340 


VAN   NOSTRAND'S    ENGINEERING   MAGAZINE. 


that  result  would  be  produced,  and  that  if 
only  a  small  portion  were  thus  heated  to 
the  exploding  point  the  explosion  of  the 
entire  mass  would  be  brought  about.  In 
1864  Mr.  Nobel  described  several  methods 
for  raising  portions  of  a  charge  of  nitro- 
glycerine to  the  temperature  necessary  for 
developing  what  he  termed  the  initiative 
explosion  ;  of  these  the  really  efficient  one 
consisted  in  exploding  a  large  percussion 
cap  in  contact  with,  or  in  close  proximity  to, 
the  charge  of  nitroglycerine.  It  was  found 
that  the  explosive  metamorphosis  proceeds 
with  such  almost  instantaneous  rapidity 
throughout  the  mass,  from  the  portion  in 
immediate  proximity  to  the  initiative  agent, 
that  confinement  by  tamping  or  other 
means  is  not  required  for  the  full  develop- 
ment of  the  explosive  force  of  nitroglyce- 
rine. The  Author  was  led  in  1867-8  to  ex- 
amine into  the  general  question  of  the 
conditions  which  determine  and  regulate 
the  explosion  of  compounds  and  mixtures, 
and  did  not  find  that  Mr.  Nobel's  explana- 
tion of  the  development  of  detonation  fur- 
nished a  sufficiently  satisfactory  solution  of 
many  results  obtained  with  nitroglycerine 
and  other  explosive  agents ;  but  there  is  no 
question  that  Mr.  Nobel  was  1?he  first  to 
apply  an  initiative  explosion  or  detonation 
to  the  l-eady  development  of  explosive  force 
irom  substances  which  otherwise  will  not 
neadily  operate  explosively,  and  that  he  was 
also  the  first  to  succeed  in  applying  a 
liquid  explosive  agent  to  practical  purposes. 

While  a  mode  of  applying  nitroglycerine 
was  thus  being  established  by  Mr.  Nobel, 
he  also  developed  the  manufacture  and 
purification  of  the  material  to  so  great  an 
extent  that  the  grave  doubts  entertained 
within  a  recent  period  regarding  the  possi- 
bility of  regularly  producing  it  in  a  condi- 
tion of  purity  and  stability^,  which  were 
fully  warranted  by  the  previous  experience 
of  chemists,  have  already  given  place  to 
considerable  confidence  in  the  keeping- 
properties  of  the  substance. 

Nitroglycerine  in  its  pure  or  undiluted 
condition  was  soon  demonstrated  to  be  the 
most  powerful  explosive  agent  yet  made 
known.  The  economy  in  time  and  labor 
effected  by  its  use  in  blasting  and  tunnelling 
in  hard  rock  is  undoubtedly  greater,  under 
iavorable  circumstances,  than  with  gun- 
-cotton or  any  of  the  most  powerful  substi- 
tutes for  gunpowder.  Moreover,  the  liquid 
form,  high  specific  gravity,  and  insolubility 
in  water  of  nitroglycerine,  are  peculiarly 


valuable  properties  under  some  circum- 
stances ;  thus,  blasting  in  wet  holes,  or 
actually  under  water,  can  be  carried  on 
with  nitroglycerine  expeditiously  and  with- 
out any  special  appliances.  The  efficiency 
of  nitroglycerine  as  a  mining  agent  having 
been  established  in  Sweden  and  in  Germany, 
demands  soon  arose  for  the  material  in 
other  countries,  and  it  has  been  extensively 
employed  in  mining  districts  abroad  espe- 
cially in  California.  In  Wales  it  was  used 
by  some  quarry-owners  as  a  most  efficient 
agent  for  tunnelling  and  for  removing  the 
hard  rock  overlying  the  slate. ;  but  the  li- 
quid nature  of  the  material,  and  one  or 
two  of  its  other  properties,  were  soon  found 
to  constitute  important  sources  of  incon- 
venience and  danger. 

The  poisonous  nature  of  nitroglycerine, 
which  injuriously  affects  the  health  of  those 
handling  and  using  it,  is  one  of  its  defect?. 
It  is  stated,  however,  that  the  human  sys- 
tem may  become  accustomed  to  its  in- 
fluence, so  that  after  a  time  the  prejudicial 
effects  on  health,  or  the  inconvenience  at- 
tending the  employment  of  nitroglycerine 
and  its  preparations,  diminish  or  subside 
altogether.  At  any  rate,  there  is  no  doubt 
that  miners  would  not  be  deterred  by  these 
defects  from  availing  themselves  of  the  ad- 
vantages presented  by  a  powerful  and  effi- 
cient blasting  agent.  The  comparatively 
high  temperature  at  which  nitroglycerine 
freezes,  and  the  slowness  with  which  it 
thaws,  even  at  a  normal  atmospheric  tem- 
perature, constitute  a  source  of  incon- 
venience, and,  in  some  respects,  of  danger, 
though  not  perhaps  in  the  particular  direc- 
tion in  which  many  who  have  devoted  at- 
tention to  these  subjects  at  first  believed. 
The  facility  and  violence  with  which  a 
solid  explosive  agent  will  undergo  detona- 
tion, when  exposed  to  the  operation  of  me- 
chanical force,  are  in  inverse  proportion  to 
the  readiness  with  Which  the  particles  of 
the  mass  can  yield  to,  or  be  moved  i-y,  the 
blow  applied ;  thus,  a  highly-compressed 
mass  of  a  fulminate-mixture  can  be  ex- 
ploded by  a  much  lighter  blow  than  a  por- 
tion of  the  same  mixture  in  the  state  of 
powder,  because,  in  the  latter  case,  the 
force  of  the  blow  is  partly  expended  in  me- 
chanical work  upon  the  loose  particles  of 
the  mass  struck.  Similarly,  therefore,  it 
was  believed  that  the  yielding  or  mobile 
condition  of  the  particles  of*  a  liquid  must 
render  it  less  susceptible  to  explosion  by  a 
blow  or  violent  concussion  than  the  same 
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material  in  a  solid  condition.  This  view 
appeared,  in  the  instance  of  nitroglycerine, 
to  be  supported  by  some  fearful  accidents 
which  occurred  in  Sweden  and  in  this 
country  during  the  handling  of  frozen  nitro- 
glycerine. It  has,  however,  been  establish- 
ed beyond  all  doubt,  that  the  material  is 
much  less  susceptible  to  detonation  in  the 
frozen  than  in  the  liquid  condition  ;  the 
comparative  inertness  of  the  frozen  sub- 
stance constituting  in  fact,  occasionally,  a 
source  of  considerable  inconvenience.  In 
considering  the  behavior  of  the  substance 
when  subjected,  in  the  different  physical 
conditions,  to  heat  suddenly  applied  through 
the  agency  of  friction  or  a  blow,  the  fact 
was  overlooked  that  the  transformation  of 
the  liquid  into  gas  must  involve  much  less 
expenditure  of  heat  than  the  same  transfor- 
mation of  the  solid,  or  frozen  body  ;  a  cir- 
cumstance to  which  the  inferior  sensitive- 
ness of  the  latter  to  detonation  must  be,  at 
any  rate,  mainly  ascribed.  The  accidents 
which  occurred  with  frozen  nitroglycerine 
appear  to  have  arisen  from  a  recklessly 
rough  usage  of  the  material ;  and,  so  far  as 
the  apparently  great  safety  or  inertness  of 
the  frozen  substance  will  lead  to  occasional 
recklessness,  it  does  constitute  a  source  of 
danger.  The  necessity  for  thawing  the 
nitroglycerine  (and  its  preparations)  for  use, 
unless  exploding  arrangements  of  a  special 
character  be  provided,  has  also  proved  to 
be  a  source  of  accident ;  for  though  simple 
and  safe  regulations  for  thawing  have  been 
laid  down  and  prominently  insisted  upon,  it 
is  impossible  to  guard  against  occasional 
mistakes,  or  against  the  deliberate  thought- 
lessness which  is  so  fruitful  of  casualties 
with  gunpowder  in  the  mining  districts, 
and  is  aptly  illustrated  by  the  recent  well- 
authenticated  case  of  a  man  who,  desiring 
to  tap  a  powder-barrel,  and  being  unable 
to  find  his  auger,  proceded  to  bore  a  hole  in 
the  heart  of  the  cask  with  the  read-hot 
poker. 

The  principal  defect  of  nitroglycerine, 
when  employed  in  its  pure  state  as  a  blast- 
ing material,  arises,  however,  from  its  liq- 
uid nature,  and  its  consequent  tendency  to 
leak  out  of  receptacles  in  which  it  is  trans- 
ported, stored,  or  used.  In  blasting  opera- 
tions, the  nitroglycerine  with  which  a  hole 
is  charged  will  flow  into  fissures  in  the 
rock,  and  may  thus  be  conveyed  to  parts 
where  its  existence  cannot  be  suspected, 
and  where  it  may  be  afterwards  acciden- 
tally exploded  during  the  boring  of  other 


holes.  Numerous  more  or  less  terrible 
nitroglycerine  explosions  have  occurred  in 
different  parts  of  the  world,  the  majority  of 
which  are  considered  to  have  been  primarily 
due  to  the  leakage  of  nitroglycerine  from 
the  packages  in  which  it  was  transported 
and  stored,  notwithstanding  the  care  with 
which  these  were  constructed  and  packed. 
The  great  susceptibility  of  nitroglycerine  in 
the  liquid  form  to  detonation,  especially 
during  hotf  weather  or  in  tropical  climates, 
would  lead  to  the  explosion  of  portions  of 
the  liquid  which  had  escaped  from  the 
packages  by  accidental  concussion  or  com- 
paratively slight  blows,  and  thus  disastrous 
explosions  would  be  brought  about.  In 
order  to  reduce  the  chances  of  accident,  Mr. 
Nobel  adopted  the  ingenious  precaution  of 
dissolving  nitroglycerine  in  wood  spirit, 
and  diluting  it  with  that  solvent  sufficiently 
to  render  the  mixture  quite  non-explosive, 
the  oil  being  easily  separated,  when  re- 
quired, by  simple  addition  of  water.  But 
this  precautionary  measure  was  only  par- 
tially successful,  because  the  vapor  of  the 
highly  volatile  wood  spirit  readily  escaped 
from  minute  imperfections  in  the  packages, 
and,  as  the  spirit  bee  i  me  weaker,  an  explo- 
sive mixture  of  nitroglycerine  with  a  snaa! 
proportion  of  spirit  collected  at  the  bottom 
of  the  vessel,  the  material  thus  being  re- 
stored to  a  dangerous  condition. 

In  the  course  of  Mr.  Nobel's  persevering 
endeavors  to  counteract  or  reduce  the  source.* 
of  danger  attending  the  use  of  nitroglycerine, 
he  made  the  most  important  observation, 
that  the  readiness  or  certainty  with  which 
*it  is  exploded  through  the  agency  of  a 
detonation  is  not  reduced,  but,  on  the  con- 
trary, somewhat  favored,  by  mixing  the 
liquid  writh  solid  substances,  in  themselves 
thoroughly  inert.  This  discovery  led  at 
once  to  the  production  by  Nobel  of  solid, 
or  more  or  less  pasty,  preparations  of  ni- 
troglycerine, which,  under  the  name  of 
dynamite,  were  first  brought  before  the 
public  in  1867,  and  the  most  perfect  of 
which  comtfitutes,  as  now  manufactured, 
one  of  the  safest,  most  powerful  and  most 
convenient  explosive  agents  applicable  to 
industrial  purposes.  By  the  absorption  of 
nitroglycerine  by  porous  solids,  or  its  mix- 
ture with  non-absorbent  solid  bodies  in  a 
fine  state  of  division,  that  substance  is  pre- 
sented in  a  condition  in  which  it  may  be 
manipulated  like  any  solid  explosive  sub- 
stance, with  the  additional  advantage  of 
plasticity ;  and  if  such  a  preparation  is  made 
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according  to  the  system  now  pursued  by 
Nobel,  it  appears  to  set  aside  completely,  or 
nearly  so,  all  objections  to  nitroglycerine 
which  could  arise  out  of  its  liquid  form.  It 
is  true  that  by  diluting  nitroglycerine  with 
non-explosive  substances,  or  even  with  other 
less  powerful  explosive  materials,  the  force 
available  from  a  given  weight  of  substance 
becomes  diminished  ;  but  the  power  of  pure 
nitroglycerine  is  so  much  greater  than  that 
of  gunpowder,  that  it  will  bear  considerable 
dilution  without  important  detriment  to  the 
h  gh  position  which  it  holds  among  power- 
ful agents. 

The  form  in  which  dynamite  was  first 
presented  to  the  public  and  the  only  form 
in  which  the  author  had  seen  it  before  1870, 
was  that  of  a  loose,  soft,  readily  mouldable 
powder  of  a  pink  or  buff  color,  which  con- 
sisted of  about  75  parts  of  nitroglycerine 
held  absorbed  by  25  parts  of  a  porous, 
infusorial,  silicious  earth,  known  in  German 
as  "  kieselguhr."  The  moist  appearance  oi 
this  powder  iavored  the  opinion  that  the 
nitroglycerine  would  be  liable  to  exude 
from  it,  or  concentrate  itself  at  the  base  of 
a  package  during  transport  or  long-contin- 
ued storage.  The  dynamite,  as  thus  sup- 
plied, was  made  up  into  cartridges  by  the 
miners,  an  operation  which  was  attended 
with  inconvenience  on  account  of  the  ab- 
sorption of  nitroglycerine  by  the  hands, 
and  its  consequent  unpleasant  effects  upon 
the  system.  For  some  time  past,  however, 
dynamite  has  been  furnished  to  the  trade  in 
the  form  of  small  cylindrical  cartridges, 
consisting  of  the  material  in  a  compact 
condition,  enclosed  in  a  single  wrapping  of 
parchment  paper.  These  cartridges  are 
consolidated  by  pressure,  whereby  any  excess 
of  nitroglycerine  which  the  porous  earth 
will  not  hold  absorbed  is  expelled,  and  thus 
the  sepaiation  of  nitroglycerine  during 
handling,  transport,  or  exposure  to  elevated 
temperatures,  appears  effectually  guarded 
against.  The  consistency  of  the  dynamite 
charges  is  like  that  of  dry  putty,  and  the 
fingers  are  scarcely  soiled  with  nitrogl}rce- 
rine  when  the  uncovered  charges  are  han- 
dled. 

The  kieselguhr  selected  as  the  medium 
for  the  application  of  nitroglycerine  appears 
the  material  best  calculated  to  hold  absorbed 
a  large  proportion  of  the  liquid,  and  to 
retain  it  even  when  the  mixture  is  submit- 
ted to  considerable  pressure.  When  dy- 
namite factories  were  established  in  the 
outskirts  of  Paris  during  the  late  siege,  and 


this  particular  silicious  earth  could  not  be 
procured,  a  series  of  experiments  was  insti- 
tuted for  the  purpose  of  discovering  a  good 
substitute ;  the  most  efficient  absorbents 
next  to  this  material  were  found  to  be  pre- 
cipitated silica,  kaolin,  tripoli,  precipitated 
alumina  and  sugar ;  but  none  of  these  ap- 
peared thoroughly  equal  to  kieselguhr  in 
their  power  of  retaining  a  very  large  pro- 
portion of  the  oil.*  Indeed,  no  other  prep- 
aration has  hitherto  been  proposed  contain- 
ing so  large  a  proportion  of  nitroglycerine 
so  safely  applied  as  Mr.  Nobel's  so-called 
No.  1  dynamite.  Another  form,  known  as 
No.  2,  and  containing  a  much  smaller  pro- 
portion of  nitroglycerine,  mixed  with  finely 
powdered  saltpetre  and  resin,  or  coal,  is 
manufactured  by  Mr.  Nobel  as  a  cheaper 
blasting  agent,  for  employment  when  the 
violent  crushing  and  rending  action  of  the 
stronger  dynamite  is  not  required. 

Since  the  idea  of  incorporating  nitro- 
glycerine with  solid  substances  was  first  con- 
ceived by  Nobel,  several  preparations  of  that 
substance  have  been  devised,  in  all  of  which 
the  porous  silica  has  been  partly  or  en- 
tirely replaced  by  solid  substances  of  an 
explosive  or  semi  -  explosive  character. 
Among  these,  the  following  may  be  named  as 
having  received  some  amount  of  practical 
application  :  Colonia  powder,  which  consists 
of  a  modified  gunpowder,  saturated  with 
nitroglycerine,  and  is  therefore  very  similar 
to  the  first  nitroglycerine  preparation  de- 
vised by  Nobel ;  Horsley's  blasting  powder, 
which  consists  of  the  chlorate  of  potash  and 
nut-gall  powder  impregnated  with  20  per 
cent,  of  nitroglycerine  ;  Dualine,  which  may 
be  described  as  Schultze's  sawdust  powder 
impregnated  with  nitroglycerine;  (srlyoxiline, 
which  consists  of  a  mixture  of  gun-cotton 
pulp  and  saltpetre,  converted  into  porous 
pellets,  which  are  saturated  with  nitro- 
glycerine, and  afterwards  coated  with  var- 
nish or  other  protective  materials ;  and 
Lithofracteur,  in  which  the  silicious  earth 
and  nitroglycerine  of  Nobel's  dynamite  are 
partly  replaced  by  semi-explosive  material, 
i.e.,  by  substances  which  fulfil  the  part  of 
the  gunpowder  in  colonia  powder,  or  of  the 
charcoal  and  saltpetre  in  Nobel's  No.  2 
dynamite.  It  need  scarcely  be  said  that 
all  these  preparations  partake  of  the  pro- 
perties of  the  original  dynamite,  though 
they   differ  considerably   in  their    nature. 

*  The  ashes  of  Boghead  coal  were  eventually  used  for  the 
production  o,f  dynamite  during  the  siege,  as  the  best  substi- 
tute for  kieselguhr. 
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The  first  four  consist  entirely  of  explosive 
materials ;  of  these,  Horsley's  powder  and 
glyoxiline  probably  approach  most  nearly 
to  dynamite  in  their  explosive  power. 

The  preparation  called  Lithofracteur,  for 
which  considerable  publicity  has  been  ob- 
tained during  the  last  twelve  months,  is  stat- 
ed to  be  a  secret  composition,  at  any  rate  in 
the  form  now  introduced  into  this  country. 
Some  information  as  to  its  nature  was,  how- 
ever, made  public  previously  to  its  being- 
brought  forward  in  this  country  by  the 
agents  of  Messrs.  Krebs,  of  Cologne.  In  an 
interesting  work  by  Lieutenant  Trauzl,  Im- 
perial Austrian  Engineers,  on  the  application 
of  dynamite  and  gun-cotton,  in  which  a  de- 
cided preference  is  given  to  dynamite  in 
most  particulars  as  an  explosive  agent  for 
industrial  purposes,  the  chief  defects  of  this 
material  are  stated  to  be  the  ready  separa- 
tion from  it  of  nitroglycerine  when  in  con- 
tact with  water,  and  its  tendency  to  freeze 
at  comparatively  high  temperatures.  It  is 
pointed  out  that  these  defects  are  of  minor 
consequence  in  the  ordinary  applications 
of  the  substance,  but  that  they  are  of  more 
iaiportance  in  connection  with  large  sub- 
marine operations  and  with  its  application 
to  war  purposes.  Lieutenant  Trauzl  fur- 
ther states  that  neither  of  the  defects  is  over- 
come in  the  two  other  nitroglycerine-prepa- 
rations then  known  in  Germany,  namely, 
dualine  and  lithofracteur.  He  describes 
the  latter  as  being  simply  dynamite,  in 
which  an  imperfect  kind  of  gunpowder  has 
been  substituted  for  a  proportion  of  the 
silicious  earth,  and  gives  the  following  as 
the  approximate  percentage  composition  of 
the  material :  nitroglycerine,  52  ;  silicious 
earth  and  sand,  30 ;  powdered  coal,  12 ; 
nitrate  of  soda,  4  ;  and  sulphur,  2.  Lieute- 
nant Trauzl,  when  he  visited  this  country 
in  1869,  gave  the  Author  a  sample  of  litho- 
fracteur which  had  been  furnished  him  by 
Prussian  officers  ;  this  was  found  to  contain 
ihe  substances  above  named  in  somewhat 
different  proportions,  and  with  the  addition 
cf  a  small  quantity  of  sawdust.  It  is  of 
course  possible  that  the  composition  of 
lithofracteur  may  have  since  been  again 
modified,  and  that  the  substance  which  has 
been  used  in  experiments  in  the  Nantmawr 
and  Breidden  quarries  within  the  past  year 
differs  in  some  respects  from  the  specimens 
about  which  there  was  no  secrecy ;  but  it 
has  been  publicly  acknowledged  by  the 
manufacturers  that  the  material  is  a  modi- 
fied dynamite,  for  which,  however,  special 


merits,  in  regard  to  power  and  safety,  are 
claimed.  With  respect  to  power,  it  is  diffi- 
cult to  conceive  that  a  considerable  propor- 
tion of  the  nitroglycerine  contained  in  dyna- 
mite can  be  advantageously  replaced  by  a 
crude  explosive  mixture,  which  cannot  but 
be  less  powerful  in  its  action  than  that 
liquid  ;  with  regard  to  safety,  it  is  obvious 
that  the  ready  su.C3ptibility  of  a  particular 
nitroglycerine-preparation  to  explosion  by 
blows  or  concussion  is  likely  to  be  in  direct 
proportion  to  the  amount  of  nitroglycerine 
which  it  contains.  The  experiments  made 
near  Shrewsbury,  in  May,  1871,  with  litho- 
fracteur, afforded  satisfactory  evidence  of 
the  safety  of  this  material  in  transport, 
under  circumstances  likely  to  occur  in  prac- 
tice, and  a  decided  opinion  to  that  effect 
was  officially  recorded  by  the  Author  at  the 
time.  Those  results  appear  to  have  been 
fully  confirmed  by  experiments  recently 
carried  out  at  Nantmawr  in  the  presence  of 
a  Government  committee.  At  present,  how- 
ever, there  is  no  evidence  that  Nobel's 
dynamite  would  not  successfully  withstand 
similar  practical  tests  to  those  carried  out 
with  lithofracteur;  and,  judging  by  the 
specimen  of  that  substance  handed  to  him 
by  Leutenant  Trauzl,  the  Author  believes 
that,  at  any  rate  in  one  respect,  namely, 
the  retention  of  the  nitroglycerine  at  differ- 
ent temperatures,  and  under  some  condi- 
tions of  transport,  storage,  and  use,  Nobe.'s 
dynamite  possesses  a  decided  superiorly 
over  lithofracteur.  Actual  practice  on  an 
extensive  scale  can,  however,  alone  deter- 
mine satisfactorily  the  relative  value  of 
these  nitroglycerine-preparations. 

In  discussing  the  merits,  as  a  mining 
and  blasting  agent,  of  gun-cotton  in  its  most 
recent  and  compressed  form,  the  employ- 
ment of  this  material  was  considered  in  an 
earlier  part  of  this  Paper  under  precisely 
the  same  conditions  as  are  fulfilled  in  the 
employment  of  powder.  Compressed  gun- 
cotton  was,  however,  found  by  Mr.  E.  0. 
Brown,  in  1868,  to  be  susceptible  of  violent 
explosion  through  the  agency  of  a  detona- 
tion, like  nitroglycerine  and  its  prepara- 
tions, one  point  of  difference  being  that  a 
more  powerful  and  sharper  detonation  is 
required  in  the  case  of  gun-cotton.  When 
employed  in  the  compressed  form  in  this 
manner,  gun-cotton  becomes  analogous  in 
its  behavior  and  effects  as  an  explosive 
agent  to  nitroglycerine  ;  but  the-latter,  in 
its  pure  condition,  still  appears  to  remain 
the  more  violent  explosive   substance.     In 
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ordinary  blasting  and  quarrying  operations 
•where  small  charges  are  employed,  the  de- 
tonation of  gun-cotton  does  not  appear  to 
present  decided  advantage  over  its  explo- 
sion in  the  ordinary  way,  except  in  so  far 
that  hard  tamping  may  be  dispensed  with, 
and  that  unsound  holes  may  be  successfully 
blown  by  detonation,  while  gun-cotton 
otherwise  applied  would  probably  fail  in 
them.  But  in  the  employment  of  large 
charges,  in  submarine  operations,  in  works 
of  demolition,  and  others  of  a  military  class, 
the  explosion  of  gun-cotton  by  detonation 
presents  important  advantages,  because  its 
strong  confinement  may  be  entirely  dis- 
pensed with,  and,  as  in  the  case  of  nitro- 
glycerine and  its  preparations,  with  some 
waste  of  power  it  may  readily  be  made  to 
operate  most  destructively  without  any  con- 
finement whatever.  Thus,  the  rapid  de- 
stiuction  of  works  and  buildings,  of  stock- 
adts  or*-  bridges,  the  disintegration  of 
boulders  or  other  large  masses  of  rock,  the 
breaking-up  of  guns  and  otkier  masses  of 
mt  tals.  may  be  alike  expeditiously  accom- 
plished by  compressed  gun-cotton  and  by 
nitroglycerine,  dyamite,  and  similar  prepa- 
rations, the  charges  being  either  complete- 
ly unconfined,  or  introduced  into  perfora- 
tions wrhich  may  be  left  open. 

It  may  be  expected  that  some  definite 
statement  should  be  given  of  the  compara- 
tive effects,  as  mining  and  blasting  agents, 
of  gunpowder  and  of  the  violent  explosive 
materials  which  have  been  more  especially 
referred  to.  Excluding  nitroglycerine  in 
its  pure  or  liquid  form  as  pre-eminently 
dangerous,  and  therefore  only  likely  to  re- 
ceive exceptional  application,  and  taking 
dynamite  and  compr  ssed  gun-cotton  as 
fairly  representing  the  really  useful  explo- 
sive agents  of  the  violent  class,  it  may  be 
stated,  generally,  that  in  all  operations 
where  rapid  destruction  is  to  be  accom- 
plished, as  in  the  instances  just  referred  to, 
gunpowder  is  incontestable7  inferior  to  those 
explosive  agents.  Not  only  would  a  much 
larger  quantity  of  powder  be  required  to 
produce  similar  results,  but  in  some  in- 
stances, it  would  be  impossible  to  perform 
the  same  operations  even  with  exorbitantly 
large  charges  of  powder.  This  is  especial- 
ly the  case  in  the  breaking  up  of  masses  of 
hard  rock  or  metal  by  the  superposition,  or 
simple  insertion  into  cavities,  of  the  explo- 
sive agent.  Again,  in  tunnelling  and 
blasting  in  hard  rock,  the  new  explosive 
agents  represented  by  dynamite  and  gun- 


cotton  possess  undoubted  advantages.  Im- 
poitant  economy  is  effected  by  their  use, 
not  simply  in  regard  to  cost  of  material  to 
produce  equal  effects,  but  in  regard  to 
saving  of  labor,  of  tools,  and  of  time. 
Short  charges  and  long  tamping  (which 
need  not  be  hard  tamping)  insure  the 
breaking  up  of  the  hole  to  the  bottom,  and 
generally  tend  to  break  up  the  rock  beyond 
the  bottom  of  the  hole.  The  holes  may  be 
of  smaller  diameter,  and  are  more  rapid' y 
loaded ;  the  latter  being  especially  the  case 
with  holes  which  are  horizontal  or  driven 
at  an  upward  angle. 

Practical  experience  with  compressed 
gun-cotton  in  North  Wales,  which  no  doubt 
also  bears  upon  the  employment  of  dyna- 
mite, has  shown  that  in  tunnelling  in  the 
slate  qurrries,  where  sixty  shillings  per 
yard  has  to  be  paid  when  gunpowder  is 
used,  the  same  quantity  of  work  ca'i  be 
done,  and  in  less  time,  for  forty -five  shil- 
lings per  yard. 

The  shattering  and  splitting  effect  of 
dynamite  and  gun-cotton  in  hard  rock  is 
much  greater  than  with  powder,  but,  in 
quarrying,  the  rock  is  generally  not  thrown 
off  by  them  to  the  same  extent.  It  is 
frequently  found  advantageous,  in  rapid 
working,  to  drive  large  and  deep  holes  far 
back  from  the  face,  and  charge  these  with 
the  violent  explosive,  by  which  the  rock  is 
extensively  fissured ;  large  quantities  of 
powder  are  then  poured  into  the  fissures, 
and  by  its  explosion  enormous  quantities  of 
rock  are  removed.  In  submarine  blasting, 
a  similar  mode  of  combining  the  shattering 
and  displacing  effects  of  the  violent  and 
gradual  explosive  agents  have  been  found 
very  advantageous.  In  submarine  demoli- 
tions, as  in  the  destruction  of  wrecks,  the 
violent  explosives  generally  have  a  decided 
advantage ;  but  in  some  operations  upon 
iron  ships,  it  has  been  found  that  the  lift- 
ing effect  of  large  charges  of  powder  is 
advantageous  in  clearing  away  framework 
and  other  parts  which  have  been  shattered, 
but  not  actually  removed,  by  the  more 
violent  explosive  agents. 

When  a  moderate  cleaving  and  separat- 
ing effect  is  required,  accompanied  by  as 
little  local  action  as  possible,  gunpowder 
cannot  at  present  be  advantageously  re- 
placed ;  as,  for  example,  in  the  raising  of 
large  blocks  of  the  finest  slate.  In  other 
instances,  of  less  frequent  occurrence  in 
industrial  works,  but  which  may  be  of 
some   importance    in    military    operations 
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where  great  displacing  action  is  required, 
gunpowder  has  the  undoubted  advantage. 
In  the  submarine  blasting  of  very  soft  rock, 
such  as  soft  limestone  or  chalk  rock,  the 
comparatively  instantaneous  action  of  the 
violent  explosives  operates  disadvantage- 
ous^ in  regard  to  their  displacing  power. 
As  an  illustration  of  this,  some  experi- 
ments made  under  Mr.  Hawkshaw's  direc- 
tion in  June,  1870,  upon  the  foreshore  near 
the  Shakespeare  tunnel,  at  Dover,  may  be 
referred  to.  The  object  was  to  ascertain 
whether  the  detonation  of  gun-cotton 
charges,  placed  upon  the  surfaces  of  sub- 
merged soft  chalk  rock,  would  break  up 
the  latter  to  such  an  extent  as  to  facilitate 
its  rapid  removal  by  dredging.  The  results 
showed  that  the  rock  was  completely  dis- 
integrated, or  pounded  into  a  plastic  mass 
like  clay,  within  a  comparatively  limited 
area ;  but  that  the  shattering  or  rending  of 
the  rock  did  not  extend  to  any  considerable 
distance,  as  it  would  have  done  in  the  case 
of  hard  rock,  of  which  the  portions  con- 
tiguous to  the  charge  would  have  present- 
ed greater  resistance  to  the  blow  exerted  by 
the  extremely  rapid  explosion.  Numerous 
experiments  made  in  this  and  other  coun- 
tries with  gun-cotton  and  djmamite  have 
shown  that  the  violence  of  the  concussion 
due  to  the  suddenness  of  the  explosion 
gives  materials  of  this  class  important  ad- 
vantages over  gunpowder  for  use  in  sub- 
marine mines. 

Though  it  may  be  comparatively  easy  to 
point  out,  generally,  the  peculiar  practical 
advantages*  which  these  violent  explosive 
agents  possess  over  gunpowder,  it  is  ex- 
ceedingly difficult,  indeed  impossible,  in 
the  existing  state  of  knowledge,  to  give  any 
precise  information  as  to  the  equivalents  of 
such  materials  as  dynamite,  gunpowder, 
gun-cotton,  etc.,  or  to  state,  even  in  regard 
to  special  applications,  how  much,  of  the 
stronger  explosive  is  really  equivalent  to  a 
given  weight  of  gunpowder  or  of  some  other 
material.  Such  statements  are,  however, 
constantly  made,  and  with  great  confidence  ; 
thus  the  Author  has  even  heard  a  parti- 
cular nitroglycerine-preparation  spoken  of 
as  having,  in  some  rough  experiments,  pro- 
duced a  result  ten  per  cent,  better  than  that 
of  another  similar  preparation.  The  serious 
difficulties  have  already  been  referred  to 
which  attend  any  attempts  to  institute  a 
strict  comparison  between  the  destructive 
effects  of  different  explosive  agents,  and 
there  can  be  no  doubt  that,  at  any  rate  at 


present,  long-continual  use  of  two  materials 
in  the  same  class  of  work  can  alone  deter- 
mine their  relative   merits  by  the  average 
results  furnished.     With  regard  to  dyna- 
mite   (which   it  is  presumed  may  be  con- 
sidered certainly  not  inferior  to  lithofracteur) 
and  compressed  gun-cotton,  it  may  be  stat- 
ed generally,  but  with  reserve,  that  in  ordi- 
nary  blasting  operations,  the  results  fur- 
nished by  them,  weight  for  weight,  are  ac- 
cepted as  being  about  six  times  those  pro- 
duced by  gunpowder.     In  comparing  the 
effects  of  dynamite  containing  75  per  cent, 
of  nitroglycerine  with  those  of  gun-cotton,  the 
two  materials  appear  to  be  practically  on  an 
equality  as  regards  power,  weight  for  weight; 
but  dynamite  has  this  advantage,  which  is 
shared  by    similar  preparations,   that,    in 
rugged    and    uneven    holes,    a    somewhat 
larger  charge   can   be   introduced    into    a 
given  length  of  hole,  because  its  plasticity 
permits  of  its  being  made  by  gentle  pres- 
sure to  completely  fill  the  space  allotted  to 
the  charge,  while  the  rigid  gun-cotton  will 
not  accomodate  itself  to  irregularities  in  the 
shape  of  the  hole.     With  regard  to  other 
special  advantages  of  either  of  the  explo- 
sives  named,  the  most  prominent   one  of 
dynamite  is,  that  it  may  be  used  in  a  damp 
hole  without  fear  of  its  missing  fire;  while, 
on  the  other  hand,   compressed  gun-cotton 
possesses  the  advantages  that  it  is  not  in 
any  way  injurious  to  handle,   is  not  at  all 
affected,  in  its  ready  explosiveness,  by  cold, 
and  may,  if  necessary,  be  preserved  for  any 
length  of  time,  without  deterioration,  in  the 
damp  and  perfectly  unignitable  state.  With 
regard  to  the   vapors  evolved  by  the   two 
materials  in  underground  work,  there  is  no 
question  that  both  possess   the  advantage 
over  gunpowder,    and   explosive   mixtures 
analogous    to   it,    of  producing   but    little 
smoke  ;  but  if  a  hole  should  be  overcharged, 
or   if    the   explosion  should   be  imperfect 
from  any  cause,  then  the  vapors  evolved  in 
both  instances  are  decidedly  more  objection- 
able than  gunpowder  smoke. 

In  discussing  the  improvements  which 
have  of  late  years  been  effected  in  the  pro- 
duction and  application  of  explosive  agents 
other  than  gunpowder,  one  cannot  but  be 
impressed  with  the  great  advance  which 
has  been  made  in  a  knowledge  of  the 
properties  of  some  of  these  important  in- 
dustrial agents.  The  remarkable  develop- 
ment which  has  taken  place  in  the  appli- 
cation of  nitroglycerine  affords  a  striking 
illustration  of  the  manner  in  which  chemi- 
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cal  products,  regarded  for  years  as  scientific 
curiosities,  may  start  into  importance ;  and 
encourages  the  belief  that  other  organic 
derivatives, which  are  at  present  known  but 
to  few,  as  substances  endowed  with  remark- 
able explosive  properties,  may  yet  become 
important  rivals  of  gun-cotton  and  nitro- 
glycerine. Some  interesting  results  recent- 
ly obtained  by  Dr.  Sprengel  indicate  that 
new  fields  are  possibly  opening  up  already 
for  the  industrial  application  of  compounds 
or  mixtures  not  hitherto  used  as  explosive 
agents.  Dr.  Sprengel  has  observed  that 
mixtures  of  strong  nitric  acid  with  solid  or 
liquid  substances  having  a  great  tendency 
to  combine  energetically  with  oxygen,  can 
be  made  to  explode  through  the  agency  of 
a  detonation,  some  of  them  producing 
violently  destructive  effects.  He  also  finds 
that  mixtures  of  readily  oxidizable  liquids 
with  solid  oxidizers,  such  as  chlorate  of 
potash,  are  similarly  explosive.  Thus,  mix- 
tures of  bisulphide  of  carbon  and  chlorate 
of  potash,  of  picric  acid  and  of  nitrobenzol 
with  concentrated  nitric  acid,  furnish  power- 
fully explosive  preparations,  susceptible  of 
detonation.  It  remains  to  be  seen  whether 
mixtures  of  this  class  can  be  applied  with 
advantage  as  substitutes  for  the  violent  ex- 
plosive agents  which  are  now  rapidly  sup- 
planting gunpowder  in  some  of  its  impor- 
tant uses. 

Even  gunpowder  can,  however,  be  said 
not  to  have  remained  entirely  passive  in 
the  general  development  which  has  recent- 
ly taken  place  in  the  industrial  application 
of  explosive  agents.  Among  the  results  of 
the  experimental  inquiry  which  the  Author 
instituted  four  years  ago,  with  the  view  of 
throwing  light  upon  the  nature  and  cause 
of  the  phenomena  exhibited  by  nitroglyce- 
rine and  gun-cotton,  when  submitted  to  the 
action  of  a  detonation,  was  the  observation 
that  all  explosive  compounds  and  mixtures, 


even  including  gunpowder,  are  susceptible 
of  violent  explosion  through  the  agency  of 
a  detonation,  though  the  nature  and  force 
of  the  required  detonation  vary  consider- 
ably with  different  explosive  substances. 
It  was  found  that  the  full  explosive 
force  of  gunpowder  could  be  developed 
without  a  close  confinement  of  the  charge, 
by  the  employment  of  a  sufficiently  power- 
ful detonating  fuze ;  and  a  series  of  experi- 
ments, instituted  during  the  demolition  of 
works  by  the  Royal  Engineers  at  Chatham 
and  at  Portsmouth,  indicated  that  decided 
advantages  were  attained  by  employing 
detonating  fuzes  for  the  explosion  of  charges 
of  gunpowder  which  were  not  strongly  con- 
fined. In  submarine  operations,  the  advan- 
tage of  using  a  detonating  fuze  with  gun- 
powder has  been  even  more  manifest,  it 
being  decisively  proved  that  by  their  use  that 
the  full  explosive  force  of  a  large  charge  of 
powder  could  be  developed  without  em- 
ploying the  very  strong  receptacles  required 
for  insuring  its  complete  ignition  when  fired 
in  the  ordinary  way. 

Some  interesting  results  were  also  ob- 
tained in  blasting  experiments  with  gun- 
powder in  which  the  charge  was  ignit- 
ed at  different  distances  from  the  top, 
and  which  indicated  that,  in  blast-holes 
of  considerable  depth,  decided  advan- 
tage was  gained  by  igniting  the  charge  at 
or  near  the  base,  as  the  upper  part  then 
acted  as  additional  tamping  to  the  portion 
first  ignited,  and  thus  considerably  increas- 
ed the  violence  of  the  explosion.  These 
few  points  are  briefly  referred  to  with  the 
object  of  indicating  that  it  is  not  only  in  the 
application  of  substitutes  for  gunpowder 
that  much  has  yet  to  be  learnt,  but  that 
the  whole  subject  of  the  application  of  ex- 
plosive agents,  generally,  to  industrial  pur- 
poses is  still  a  most  fruitful  one  for  patient 
investigation. 


HIGH  PEESSUEE  HYDEAULIC  ENGINES. 


By  ARTHUR  RIGG. 
From  "  Iron." 


The  earlier  hydraulic  engines  intended 
to  give  uniform  rotary  motion  were  not  very 
successful,  and  it  was  not  until  the  subject 
was  taken  up  by  Sir  William  _  Armstrong, 
who  is  the  pioneer  in  the  practical  develop- 
ment of  so  much  hydraulic  machinery,  that 
an  engine  of  this  class  became  available  for 


general  use.  An  important  point  gained  by 
his  hydraulic  engine  was  the  removal  of  d-  - 
structive  shocks  which  had  hitherto  taken 
place  when  turning  centres,  and  this  was 
accomplished  partly  by  the  arrangement  of 
the  engine,  and  partly  by  relief  valves. 
Instead  of  admitting  water  alternately  on 
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both  sides  of  the  piston,  like  a  steam  engine, 
the  piston  is  made  twice  as  large  as  the 
rod,  and  pressure  kept  constantly  on  the 
upper  side,  or  annular  space  forming  half 
the  area,  while  being  admitted  and  ex- 
hausted alternately  to  the  lower  side  by  a 
slide  valve.  This  plan  does  away  with 
shocks  on  the  upper  side  of  the  piston,  but 
a  more  ingenious  arrangement  removed 
them  from  the  lower  side.  Belief  valves 
wer8  placed  between  the  cylinder  and  inlet, 
leading  out  of  the  former  into  the  latter,  so 
that  any  accidental  access  of  pressure  might 
find  an  immediate  vent,  and  though  it 
seems  wrong  to  remove  the  effect  of  an 
evil,  without  touching  on  its  primary  cause, 
yet  this  arrangement  has  been  found  to  be 
practically  perfect  in  its  action. 

These  shocks  indicate  an  imperfect  valve- 
setting — by  too  sudden  admission  of  water ; 
and  whun  it  is  remembered  how  mischie- 
vous this  effect  is  found  to  be  even  with  so 
elastic  a  fluid  as  steam,  it  is  evidently  much 
more  destructive  with  water,  especially 
when  under  pressures  of  from  700  to  1,000 
lbs.  per  square  inch.  It  may  be  proved 
that  this  cause  is  the  true  one,  for  if  an 
ordinary  hydraulic  engine  have  a  minute 
lead  by  cutting  a  small  orifice  in  the  valve, 
and  be  driven  at  a  slow  speed,  there  will 
be  no  shocks  even  without  relief  valves. 
Still  they  are  most  desirable  additional  safe- 
guards, for  neither  durability  of  original 
arrangements  nor  perfection  of  workman- 
ship are  things  to  be  relied  upon. 

Good  as  were  these  earlier  improvements 
upon  the  old  idea  of  an  hydraulic  engine, 
fashioned  generally  as  a  steam  engine,  yet  it 
was  necessary  to  abandon  the  single  cy Un- 
der and  substitute  a  pair  with  their  cranks 
at  right  angles  to  each  other,  and  a  fly- 
wheel between  them.  The  well-known 
irregularity  of  driving  power  due  to  this 
system  became  singularly  conspicuous  in 
such  an  engine,  and  so  great  a  speed  is 
necessary  to  secure  a  good  result  as  to  be 
rather  fatal  to  the  smoothness  of  motion, 
and  very  little  experience  leads  to  the  pres- 
ent usual  arrangement  of  three  cylinders, 
generally  made  oscillating,  with  their  cranks 
at  120  deg.  to  each  other. 

These  engines  work  very  satisfactorily, 
and  the  labor  and  ingenuity  spent  in  their 
design  and  construction  form  not  the  least 
of  the  many  sevices  which  Sir  William 
Armstrong  and  his  partner,  Mr.  Westma- 
cott,  have  rendered  to  the  cause  of  hydrau- 
lic engineering. 


But  an  examination  and  consideration 
shows  more  yet  left  to  be  done  ;  not  so  much 
in  obtaining  a  better  practical  result,  as  in 
making  the  machine  cheaper,  and  less  com- 
plicated. In  fact  the  system  is  nothing 
else  than  three  separate  complete  engines, 
each  contrived  to  make  amends  for  the  de- 
fects of  the  others,  and  so  secure  a  tangen- 
tial driving  power,  or  a  power  equal  through 
equal  arcs  of  the  crank's  path,  sufficiently 
accurate  for  all  practical  purposes,  though 
not  theoretically  correct. 

Slide  valves  are  generally  used,  but  even 
when  made  of  the  hardest  available  metal, 
they  are  liable  to  wear ;  and  this  evil  is 
sufficiently  objectionable  when  an  engine 
has  only  one  valve,  but  it  is  considerably 
worse  when  there  are  three.  The  cause 
of  wear  is  not  very  difficult  to  discover, 
and  a  short  investigation  of  it  suggests  a 
remedy. 

These  engines  generally  work  at  prpf- 
sures  of  from  700  to  1,000  lbs.  per  sq.  in., 
exerted,  of  course,  on  the  whole  of  the  back 
of  the  slide-valve,  or  an  area  of' about  3  sq. 
in.  Thus  at  a  working  pressure  of  800  lbs. 
per  square  inch,  there  will  be  2,400  lbs. 
pressure  on  the  back  of  the  slide-valve,  as  it 
travels,  and  borne  by  its  edges  only,  which 
are  2  sq.  in.  area. 

It  is  easy  to  see  that  £*£&  =  1,200  lbs. 
per  square  inch  is  what  the  rubbing  surface 
has  to  resist,  and  this  is  more  than  any 
metal  in  general  use  can  bear  without 
abrasion.  Hence  these  valves  wear  away 
rapidly,  independently  of  consuming  much 
power  to  work  them.  Arrangements  for 
balancing  the  pressures  are  good,  but  the 
wear  may  be  obviated  to  a  great  extent  by 
increasing  the  surfaces  exposed  to  friction, 
and  admitting  a  film  of  high-pressure  water 
underneath,  so  that  the  enlarged  surface 
gives  no  additional  strain ;  and  this  plan, 
being  simple  and  readily  adopted,  is  used 
in  the  engine  above  illustrated,  instead  of 
more  complicated  balancing  arrangements. 

The  construction  of  cylinder  and  valves  is 
generally  similar  to  that  of  hydraulic  en- 
gines now  in  use,  except  that  the  former  is 
fixed  instead  of  oscillating,  but  either  ar- 
rangement works  well.  Nevertheless,  a 
fixed  cylinder  avoids  the  necessity  for  sev- 
eral joints,  which  are  apt  to  be  troublesome  ; 
and  is  preferable  on  the  whole.  The  piston- 
rod  is  2  in.  diameter,  and  the  piston  nearly 
2-£  in.  ;  their  respective  areas  being  exactly 
as  1  in  2.  Pressure  is  always  on  the  upper 
side  while  working,  but  alternately  on  tho 
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lower  side,  admitted  and  exhausted  by  the 
slide  valve. 

This  valve  is  worked  from  an  ordinary 
eccentric ;  and  it  possesses  neither  lap  nor 
lead  except  to  the  small  extent  previously 
mentioned.  During  the  down-stroke  the 
lower  side  of  the  piston  remains  open  to 
the  exhaust,  while  the  annular  space  be- 
tween the  piston  and  rod  on  the  upper  side 
has  a  constant  pressure  upon  it,  which  im- 
pels the  piston  downwards.  During  the 
up-stroke  pressure  is  admitted  below  the 
piston,  but  acts  only  on  the  area  of  the  rod ; 
being  balanced  by  an  equal  and  opposite 
pressure  so  far  as  the  difference  between 
the  areas  of  piston  and  rod  are  concerned ; 
and  though  the  exhaust  is  an  intermittent 
stream,  occurring  only  during  the  down- 
stroke,  yet  the  inlet  and  working  of  the  en- 
gine are  performed  by  equal  quantities  of 
water  during  both  up  and  down  stroke  ;  and 
thus  it  becomes  double  acting.  The  arrange- 
ment of  crank,  eccentric,  connecting-rod 
and  slipper,  guide,  etc ,  need  not  be  farther 
described,  as  they  are  obvious  from  the 
drawings,  and  closely  resemble  the  corres- 
ponding parts  in  a  steam  engine. 

Having  described  the  essentials  of  all 
hydraulic  engines,  it  becomes  now  necessary 
to  consider  those  special  peculiarities  of  this 
one,  whereby  an  uniform  reciprocating  mo- 
tion is  transformed  into  a  uniform  rotation, 
and  compensation  provided  for  the  well- 
known  irregular  action  of  cranks.  This  is 
done  by  the  cam,  roller,  and  plunger. 

On  the  main  shaft  ther^  is  a  cam  of  pe- 
culiar shape,  with  a  roller  attached  to  the 
head  of  a  plunger  which  works  in  a  small 
cylinder  communicating  with  high-pressure 
water.  For  convenience  this  plunger  is 
made  2  in.  diameter,  like  the  piston-rod, 
and  therefore  forces  the  roller  it  carries 
against  the  cam  with  a  constant  pres- 
sure equal  to  that  of  the  main  piston  or 
rod. 

As  a  mathematical  investigation  of  the 
combined  effects  of  the  crank  and  con- 
necting rod  becomes  complicated,  and 
the  simpler  plan  of  geometrical  con- 
struction gives  sufficiently  accurate  re- 
sults for  any  practical  purpose,  and  is  of 
more  interest  to  the  general  reader,  it  has 
been  adopted  in  the  following  considera- 
tions. The  cylinder  or  piston-pressures 
may  be  ta-ken  in  hydraulic  engines  to  be 
constant  and  uniform  throughout  its  course  ; 
but  when  converted  into  tangential  pres- 
sures round  the  orbit  of  the  crank,   they 


vary  from  zero  at  the  dead-centres,  to  a 
maximum  at  nearly  the  centre  of  the  stroke. 
This  variation  is  exactly  proportional  to  the 
piston  stroke,  during  any  two  correspond- 
ing equal  arcs,  and,  for  example,  if  the  semi- 
circles be  divided  into  12  equal  arcs  of  15 
deg.  each,  and  the  piston  stroke  be  also  di- 
vided into  12  equal  parts,  or  J  of  an  inch 
each  part ;  then  in  order  that  the  tangen- 
tial pressures  on  the  crank  shall  be  equal, 
it  is  only  necessary  to  insure  that  each  of 
the  lz  arcs  shall  receive  the  effect  of  a  pis- 
ton motion  of  f  of  an  inch,  and  this  is  done 
by  the  compensating  action  of  the  cam  and 
its  arrangements. 

If  a  diagram  be  made  of  the  up-stroke, 
it  will  show  that  the  piston  moves  3-16ths 
of  an  inch  during  the  first  15  deg.  of  the 
crank,  and  17-32ds  and  27-32ds  of  an  inch 
and  1  inch  respectively  during  the  succeed- 
ing equal  arcs.  Now,  if  the  cam  be  made 
of  such  a  shape  as  to  add  9-16ths  to  the 
first,  7-32ds  to  the  second,  and  to  deduct 
3-32ds  from  the  third,  and  i  from  the 
fourth  arc,  etc.,  etc.,  it  will  be  found  that 
the  combined  movements  of  the  main  pis- 
ton and  the  cam  piston  taken  together,  in- 
variably provide  a  motion  of  £  of  an  inch 
through  all  equal  arcs  of  the  crank's  path, 
and  as  the  end  of  every  revolution,  the 
amount  added  is  always  exactly  equal  to 
that  deducted,  no  loss  of  power  whatever 
occurs  by  the  process,  though,  of  course,  a 
trifling  loss  is  due  to  friction. 

A  similar  arrangement  equalizes  the  down 
stroke,  and  thus  a  perfectly  uniform  circu- 
lar motion  is  secured  with  mechanism  ex- 
ceedingly simple  and  effective.  The  rolling 
contact  produces  no  wear,  and  the  moving 
parts  are  all  of  large  size  and  substantial 
proportions. 

These  engines  can  be  placed  away  in  any 
positions,  and  worked  by  a  stop-valve  from 
a  distance ;  and  they  possess  the  unfail- 
ing advantage  of  starting  from  any  point 
where  left  standing.  They  are  compactly 
arranged  on  a  strong  cast-iron  bed-plate, 
and  it  has  been  found  in  practice  that  no 
noise  is  produced  by  the  cam  and  roller, 
while  the  working  of  the  whole  is  perfectly 
smooth  and  noiseless. 

With  this,  as  with  all  other  hydraulic  en- 
gines, a  slow  movement  is  found  most  con- 
ducive to  a  high  duty,  and  it  is  desirable 
that  the  work  to  be  done  by  them  should  be 
tolerably  uniform  in  character.  In  order 
to  provide  for  those  few  cases  where  varia- 
able  power  is  required,  a  peculiar  form  of 
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centrifugal  governor  has  been  arranged  ap- 
plicable to  a  modification  of  this  engine, 
and  it  alters  the  length  of  stroke,  thereby 
affecting  the  cylinder  capacity;  but,  as  a 
rule,  it  will  be  found  better  to  suffer  an  oc- 


casional loss  of  power  rather  than  to  com- 
plicate machinery  in  those  cases  where  hy- 
draulic engines  are  not  used  for  those  duties 
for  which  experience  proves  them  to  be  most 
suitable. 


LIGHTNING  CONDUCTOKS. 


From  "Engineering. 


About  a  centuryhas  elapsed  since  the 
first  practical  idea  of  a  lightning  conductor 
was  suggested.  Of  recent  years  their  value 
has  been  more  or  less  appreciated,  but,  with 
the  exception  of  their  application  to  the 
preservation  of  shipping,  little  has  been 
done  in  the  extension  of  their  use.  Where 
employed  they  may  be  or  are  considered 
much  in  the  light  of  a  talisman.  This 
remark,  of  course,  applies  to  erections  on 
land,  in  which,  as  we  shall  subsequently 
show,  little  or  no  heed  has  been  paid  to  the 
teachings  of  science.  For  all  practical  pur- 
poses we  may  consider  the  lightning  con- 
ductors of  the  present  day,  on  land,  as  sim- 
ple invitations  of  electricity  to  spread  evil. 
Perhaps  this  idea  has  prevailed  largely 
among  architects,  and  has  so  prevented 
their  more  frequent  use.  We  have  made 
it  a  matter  of  remark  in  tours  in  all  parts  of 
the  kingdom  during  the  last  two  years,  that 
not  one  tall  erection  (such  as  a  factory 
chimney  or  church  steeple)  in  a  hundred, 
is  so  protected.  Suggesting  to  the  manager 
of  a  large  public  company,  during  the  erec- 
tion of  a  chimney  about  180  ft.  high,  the 
desirability  of  a  lightning  conductor,  he 
replied  that  a  neighboring  shaft  had  not 
been  "  struck,"  during  the  last  thirty  years,  | 
and  therefore  he  could  not  see  the  neces- 
sity. 

Theoretically,  almost  every"  ordinary  house 
should  be  safe  from  much  danger  ;  but  ex- 
perience proves  this  not  to  be  the  fact.  The 
roofs  of  most  houses  have  either  lead  or 
zinc  for  gutter  purposes.  Attached,  or  nearly 
so,  to  this,  is  the  iron  or  zinc  pipe  which 
conveys  the  rain  water  to  the  drain.  If,  j 
therefore,  the  house  be  "struck,"  it 
should  follow  that  all  danger  would  be 
obviated  by  the  conducting  influences  thus 
in  operation.  Practically,  the  majority  of 
our  high  erections  of  every  kind  are  free 
every  year  from  injury.  We  hope  to  make 
the  reason  of  these  apparent  paradoxes  evi- 
dent in  this  article. 

In  experimenting  with  the  most  powerful 


friction  electrical  machine  which  has  yet 
been  constructed,  it  is  found  that  in  damp 
weather  there  is  no  difficulty  in  discharging 
a  large  Leyden  battery  completely.  Ttie 
same  battery  in  dry  weather  could  not  be 
so  completely  discharged.  In  actual  exper- 
iments the  earth  wires  were  connected  with 
a  3-in.  iron  gas  main,  which,  with  the  con- 
nected gas  pipes,  had  a  surface  of  several 
hundred  square  feet.  But  this  arrange- 
ment of  piping  was  also  in  direct  connection 
with  the  street  main  in  the  largest  thor- 
oughfare in  London.  This  fact  of  contin- 
ued experience  seems  anomalous,  but  it  has 
been  easily  extended  in  its  application  by 
other  observers. 

Armstrong,  of  Newcastle-on-Tyne,  was 
the  first  to  discover  the  production  of  elec- 
tricity by  steam,  his  first  experiments  hav- 
ing been  carried  on  with  a  stationary  boiler 
fixed  in  brickwork  on  an  earth  foundation. 
Subsequently  it  was  discovered  that  a  loco- 
motive engine  standing  on  the  rails  gave 
similar  results.  Now  it  is  scsroe^y  possible 
to  find  any  circumstances  in  which  ready 
conduction  could  have  been  more  favorable. 
But  still  more  recently  the  late  Dr.  D. 
Lardner  endeavored  to  explain  the  cause 
of  an  explosion  in  a  locomotive  in  the 
United  States,  while  standing  on  a  railway 
in  an  exposed  condition.  He  conceived 
that  the  "  electric  fluid  "  suddenly  decom- 
posed the  water  and  produced  a  mixture  of 
hydrogen  and  oxygen  which,  coming  in, 
contact  with  the  furnace  fire,  exploded. 
Of  course  the  theory  thus  enunciated  was 
simply  ridiculous.  But  still  this  shows, 
with  the  cases  we  have  already  named, 
that  some  extremely  anomalous  circumstan- 
ces exist  which  apparently  contradict  our 
received  theories  of  electricity.  From  ac- 
counts we  have  seen,  some  singular  pheno- 
mena in  reference  to  lightning  conductors 
have  been  observed  in  Italy.  At  the  base 
of  a  conductor  the  earth  was  torn  up  and 
also  scattered  in  all  directions. 

Now  a  careful  consi  leration   of  the  laws 
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of  induction,  conduction,  resistance,  etc.,  will 
lead  to  a  satisfactory  conclusion  in  respect 
to  this  occasional  inefficiency  of  "  lightning 
conductors,"  and  also  of  the  occurrence  of 
fatal  and  destructive  results  either  in  the 
partial  presence  or  entire  absence  of  sueh 
so-called  conductors.  We  have  well-ascer- 
tained standards  of  the  relative  resistance 
of  the  conductors  and  insulators,  and  it  be- 
comes simply  an  application  of  known  laws 
and  facts  to  get  rid  of  our  difficulty. 
Nature  helps  us  in  the  same  direction. 

The  term  "electric  fluid"  has  lent  much 
help  to  lead  us  into  mistakes ;  but  if  we 
adopt  it  in  their  correction,  we  may  find  a 
solution  of  our  difficulties.  In  a  lightning 
conductor  we  have  a  metallic  wand-  or  rod 
by  means  of  which  rapid  induction,  and 
consequently  conduction,  takes  place.  The 
end  of  this  rod  is  inserted  in  the  earth, 
whose  resistance  is  certainly  not  less  than 
fifty  million  times  more  than  that  of  the  con- 
ducting rod.  Consequently,  when  the 
charge  arrives  at  the  earth  terminal  of  the 
rod,  it  receives  a  check.  Let  us  fancy  the 
case  of  a  volume  of  water  quietly  passing 
through  a  6  ft.  main,  at  a  pressure  of,  say, 
100  lbs.  per  square  inch.  It  passes  off 
quietly.  But  supposing  that  suddenly  a  re- 
sistance of  fifty  million  times  its  force  be 
presented  to  it ;  the  consequence  would  be 
fearfully  destructive.  Precisely  the  same 
result  occurs  where  an  inadequate  pressure 
is  made  in  the  case  of  lightning  conductors. 
The  system  of  induction  or  conduction  is 
interrupted,  and  the  destruction  of  buildings 
is  a  natural  consequence. 

The  question  arises  as  to  what  remedy 
presents  itself,  and  this  is  not  difficult  to 
answer.  In  nature  we  find  that,  despite 
the  altitude  of  large  trees,  it  is  rarely  that 
they  are  struck,  provided  that  they  are  in 
a  living  condition.  The  reason  of  this  is 
that  every  leaf  and  twig  makes  so  many 
lines  and  points  which  favor  the  restoration 
of  the  electric  equilibrium.  It  was  stated 
at  the  Academy  of  Sciences,  Paris,  some 
years  ago,  that  an  ordinary  haystack  was 
a  comparatively  safe  object  in  a  thunder- 
storm. It  is  very  rarely  that  they  are  in- 
jured. This  remarkable  fact  is  easily  ex- 
plained. If  a  piece  of  grass  leaf  be  affixed 
to  the  nob  of  a  Leyden  jar  it  will  be  im- 
possible to  charge  the  latter.  Arago,  we 
believe,  was  the  first  to  point  this  out.  In 
nature,  therefore,  every  leaf  and  twig  is  a 
pointed  body,  tending  to  combine,  gently, 
the    opposite    electricities.       But    another 


provision  exists  in  nature  ;  the  roots  of  all 
vegetable  products,  especially  of  large  trees, 
extend  in  almost  numberless  ramifications 
in  the  ground.  They  thus  have  every 
chance  of  discharging  electricity.  Even  in 
ordinary  telegraphic  practice  a  large  earth 
plate  is  desirable.  But  the  total  tension  of 
the  most  powerful  voltaic  batteries  thus 
employed  is  infinitesimal  when  compared 
with  the  tension  of  the  charge  involved  in 
producing  a  flash  of  lightning. 

If  we  compare  the  above  facts  with  those 
presented  in  the  conditions  of  buildings  in 
towns,  we  shall  find  that  an  entirely  oppo- 
site state  of  things  occurs.  The  top,  roof, 
and  exterior  of  our  erections  have  all 
rounded  surfaces,  presenting  no  points  of 
radiation  such  as  those  possessed  by  trees. 
The  materials  employed  for  building  are 
all  bad  conductors,  and  when  dry,  as  dur- 
ing hot  weather,  are  really  good  insulators. 
The  boiler  seated  in  dry  brickwork,  already 
mentioned  as  having  given  to  Armstrong  the 
first  hint  as  to  making  a  hydro-electric  ma- 
chine, shows  what  an  insulating  effect  dry 
brick  possesses.  The  little  metal  work  on 
the  roof  and  in  the  water  pipes  also  presents 
no  "  attractive  "  surfaces.  Consequently, 
under  such  circumstances  the  restoration 
of  the  electric  equilibrium  is  impossible,  in 
many  cases,  without  an  explosion,  which 
too  frequently  ends  in  loss  of  life  and  igni- 
tion of  the  house. 

A  great  lesson,  therefore,  to  be  learned 
in  erecting  lightning  conductors  is  to  ex- 
tend in  all  possible  directions,  their  termi- 
nals beneath  the  ground.  One  of  the  best 
plans  to  effect  this  would  be  to  connect  at 
the  bottom  end  of  the  conductor  a  large 
branch  of  wires  bent  outwards  in  all  direc- 
tions through  moist  earth.  The  importance 
of  moisture  cannot  be  overrated.  This  is 
instanced  in  telegraphic  practice  in  North- 
ern Russia.  It  is  impossible  to  "  get  to 
earth  "  in  rock  that  is  hard,  dry,  and  frozen. 
The  lightning  conductor  may  have  been 
properly  fixed,  and  of  the  best  materials ; 
but  if,  to  use  a  popular  phrase,  it  cannot 
"  carry  away  the  lightning,"  its  use  will  be 
very  limited  so  far  as  safety  is  concerned, 
and  under  certain  exceptional  occurrences 
it  would  be  valueless,  and  fostering  an  idea 
of  safety  when  there  is  really  none. 

The  only  proper  material  for  a  lightning 
conductor  is  copper,  and  in  our  opinion  a 
fiat  band  is  much  better  than  a  cylindrical 
rod.  The  band  is  easily  adapted  to  various 
ornamental  and  other  projections  of  a  build- 
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ing.  Besides  ramifying  the  bottom,  it  is 
also  advisable  that  the  top  should  be  fur- 
nished with  several  points.  Perhaps  the 
following  experiment  will  teach  more  than 
a  long  series  of  remarks  on  this  subject. 
Two  persons  were  placed  in  front  of  a  hydro- 
electric machine  of  great  power.  It  was 
carefully  insulated,  and  the  atmosphere  was 
iree  from  moisture.  One  of  the  persons 
was  in  a  profuse  state  of  prespiration,  while 
the  other  was  not  so.  The  first  presented 
a  common  nail  to  the  machine  while  in  ac- 
tion. The  ordinary  length  of  the  spark 
was  about  18  in.,  but  it  passed  off  harm- 
lessly as  a  brush  to  the  earth  by  the  body 
without  giving  the  slightest  shock.  The 
other  person  held  in  the  hand  a  brass  rod, 
ended  by  a  small  ball.  On  presenting  this 
to  the  machine  he  was  instantly  thrown  down, 
receiving  a  violent  shock.  This  experiment 
has  been  repeated  many  times,  always  with 
the  same  results.  It  is  highly  instructive, 
and  well  deserves  the  study  of  all  who  have 
to  do  with  the  erection  of  lightning  con- 
ductors. 

A  point  of  vital  importance  is  almost  con- 
stantly neglected  in  erecting  a  lightning 
conductor  ;  it  is  that  of  connecting  with  it 
all  the  metallic  exterior  coverings,  etc.,  of  a 
building.  In  the  ordinary  factory  chimney, 
of  course,  this  precaution  is  generally  un- 
necessary. But  in  the  case  of  a  church, 
this  precaution  is  of  the  utmost  importance. 
As  a  rule,  the  conductor  is  affixed  to  the 
steeple,  carried  to  the  earth,  and  there  is  an 
end  of  the  matter.  Iron  roads  are  em- 
ployed, and  in  the  course  of  time,  by  oxida- 
tiou  and  other  causes,  the  rod  breaks,  and 
the  value  of  the  conductor  is  greatly  lessen- 
ed, if  not  destroyed.  But  on  the  roof  are 
masses  of  metal,  and  between  the  stones 
clamps  of  iron.  Now,  for  entire  safety, 
every  one  of  these  should  be  put  into  me- 
tal.ic  connection  with  the  conductor.  The 
reason  of  this  is  plain  if  the  old  idea  of  con- 
ductor be  substituted  by  that  of  induction. 
Not  only  the  conductor,  but  every  metallic 
body  is  susceptible  of  induction,  and  isolated 
masses  of  metal  may,  therefore,  become 
sources  of  danger.  Consequent  on  this,  in* 
stances  have  occurred  in  which  injury  to 
buildings  has  been  caused,  although  they 
were  supposed  to  be  'protected  by  a  con- 
ductor. The  following  facts  illustrate  this. 
In  experimenting  with  the  hydro- electric 
machine  just  named,  it  was  found  that, 
a1  though  carefully  insulated  from  a  wooden 
floor  on  which  it   stood,   shocks  would  be 


obtained  whenever  a  person  s'ood  on  any 
of  the  several  iron  rings  which  were  let 
into  the  wood.  The  rings  had  no  metallic 
connection  with  each  other,  nor  with  the 
machine.  But  by  induction  they  became 
charged.  So  constant  are  these  shocks 
that  an  experimenter  who  does  not  wear 
shoes  protected  by  an  insulating  material, 
will  be  thrown  to  the  ground  and  subjected 
to  very  severe  shocks.  Now  precisely  the 
same  effect  %  produced  in  buildings  in 
which  metallic  masses  occur  isolated  from 
the  conductor.  An  easy  remedy  presents 
itself;  it  is  that  of  connecting  all  these 
masses  by  means  of  wires  with  the  main 
conductor.  The  whole  metallic  portion  of 
the  building  becomes  one,  and  not  only  so, 
but  every  mass  becomes  an  additional  aid 
to  the  efficiency  of  the  main  conductor,  and 
consequently  the  safety  of  the  entire  build- 
ing is  insured. 

A  similar  precaution  might  be  adopted  in 
our  houses  at  little  expense,  which  at  least 
would  be  of  some  value.  Generally  the 
chimney  of  the  house  is  struck,  possibly 
because  the  pot  may  be  of  metal.  But 
there  is  another  reason.  The  fine  soot  that 
lines  the  chimney  is  a  conductor  of  elec- 
tricity. Popularly  (but  not  scientifically) 
the  following  results  take  place.  The 
lightning  gets  to  the  iron  stove,  leaps  across 
the  room  to  any  metallic  or  gilded  art  cle 
(such  as  a  looking-glass),  and  for  want 
of  any  other  means  of  escape,  in  the  ab- 
sence say  of  gas  fittings,  it  flies  to  ihe  bell 
wires.  These  are  frequently  fused,  not  be- 
cause they  are  too  thin  to  carry  the  charge, 
but  because  they  have  no  continuous  con- 
ductor to  the  earth,  their  ends  being  a'- 
ways  a  bell  hung  high  from  the  ground. 
No  wonder  then  at  last  at  the  destructive 
effects  of  the  lightning.  A  simple  and 
efficacious  means  for  protecting  dwellings 
is  to  connect  all  the  fireplaces,  iron  bed- 
steads, and  bell  wires  by  means  of  one  wire 
to  the  iron  rainwater  pipe,  polishing  the 
surface  of  this  at  the  junction,  and  contact 
being  also  insured  by  soldering.  A  house 
thus  protected  may  be  struck,  but  it  would 
scarcely  be  possible  that  it  should  be 
seriously  injured.  Half  a  pound  of  No.  16 
gauge  copper  wire,  costing  about  one 
shilling,  would  thus  protect  each  of  the 
great  majority  of  houses  in  an  ordinary 
town,  and  induce  an  amount  of  confidence 
which  would  banish  that  sense  of  fear 
which  many  persons  feel  during  thunder- 
storms. 
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We  have  witnessed  some  curious  results 
in  the  case  of  accidents  from  lightning ; 
some  of  these  are  at  present  inexplicable 
under  our  present  limited  knowledge  of 
electricity.  In  cases  of  persons  being 
struck,  the  coin  or  watch  in  the  pockets  has 
been  partly  fused,  although  of  silver.  A 
curious  case  came  under  our  observation 
some  year  ago  at  Glasgow.     Three  persons 


had  taken  refuge  under  a  tree  ;  they  were 
struck,  although  the  tree  was  uninjured. 
The  heels  of  all  their  boots,  being  heavily 
nailed,  were  torn  off,  but  the  persons  sus- 
tained no  serious  injury.  These,  and  many 
other  facts  we  might  adduce,  show  tae 
necessity  of  connecting  all  metallic  bodies 
with  the  main  conductors  to  insure  com- 
pletely safety. 


THE  AQUEDUCTS  OF  HOME. 


By  J.  B.  PARKER. 
From  "  Iron." 


No  city  in  the  world  was  so  well  suppli- 
ed with  water  as  ancient  Eome.  The 
aqueducts  traverse  every  part  of  it,  and 
.their  remains  are  interesting,  not  only  to 
the  arch  geologist,  but  to  the  practical  engi- 
neer, who  would  know  how,  in  that  hot  and 
often  dry  country,  such  a  boundless  supply 
was  maintained. 

No  less  than  nineteen  aqueducts,  or 
streams  of  water  running  through  Eome,  are 
enumerated  in  the  "  Eegionary  Catalogue  " 
of  the  fourth  century,  but  only  nine  are 
mentioned  by  Frontinas,  who  had  charge  of 
them  in  the  first  century,  and  who  has  left 
an  admirable  treatise  on  them.  Some  of 
the  later  aqueducts  were  merely  branches 
fr<jru  the  main  lines. 

The  principal    aqueducts  were   brought 
from  Sabiaco,   40  miles  from  Eome,    and 
high  in  the  hills.    They  were  brought  with 
great  skill,  and  show  very  clever  engineering. 
Where  they  were  not  tunnels  they  were  large 
stone  pipes;  these  stone  pipes  are  each  6  ft. 
high  and  2  ft.  wide.     They  were  not  kept  full 
of  water,  one-third  of  the  upper  part  being 
left  for  air.     They  were  brought  by  a  very 
gentle  descent  to  the  city  ;  the  greater  part 
of  the  way  underground,  but  crossed  the 
gorges  on  bridges   sometimes  100  ft.  high. 
The  later  aqueducts  cross   the   Campagna 
for  the  last  part  of  their  route,  at  the  height 
of  20  ft.  or  more  above  the  ground,  forming  j 
beautiful  arcades.     Of  the  latest  and  finest,  j 
there  are  still  four  or  five  miles  of  arcade 
remaining  in  Eoma  Yecchia.     The  greater  i 
part  of  this  was   destroyed  in  the  sixteenth  | 
century   to    build   a  new  aqueduct,   which  j 
was  constructed   in   the  roughest  manner 
from  the  old  materials.     The  Aqua  Alex- 
andria was  choked  up   soon  after  it  was 
built,  in  a  singular  manner,  by  stalactites  ; 
one  of  the  springs  used  for  it  contained  so 


much  carbonate  of  line  in  solution,  that  it 
speedily  filled  up  miles  of  the  stone  pipes. 

The  celebrated  Aqua  Marcia  has  receutly 
been  again  brought  into  Eome.  The  company 
which  has  brought  this  excellent  cool  water 
into  Eome  consisted  of  English  capitalists, 
aided  by  the  late  Mr.  Shepherd.  The  engi- 
neers found  it  expedient  to  adopt  the  old 
plan  of  the  time  of  the  empire.  For  the 
first  ten  miles  of  its  route  the  water  is  car- 
ried in  stone  pipes,  and  on  arches  whero 
necessary,  just  as  in  the  old  manner.  But, 
after  descending  the  hill  at  Tivoli,  it  is 
carried  in  large  iron  pipes  to  avoid  the 
detour  the  old  aqueducts  were  compelled  to 
take. 

The  Anio  Novus  is  part  of  the  river  Anio 
itself.  Great  engineering  works  were  made 
in  the  time  of  Clmdius  and  Nero.  A  great 
wall,  12  ft.  thick,  being  thrown  across  the 
river,  forming  a  cascade.  Beneath  the  sur- 
face, was  the  entrance  to  the  aqueduct,  so 
that,  unless  the  pipe  was  full,  no  water 
flowed  over  the  wall.  This  marvellous  and 
successful  piece  of  engineering  continued  in 
use  for  centuries.  It  was  destroyed  in  the 
fourteenth  century  by  an  ignorant  monk, 
who  pierced  the  foundation  to  relieve  a 
temporary  flood. 

The  opinion  commonly  entertained  that 
the  ancient  Eomans  were  ignorant  of  th * 
fact  that  water  will  always  rise  to  its  level 
in  closed  vessels  is  entirely  a  popular  delu- 
sion. At  every  half  mile  of  the  aqueducts, 
on  their  course  to  Eome,  each  aqueduct 
forms  an  angle,  to  break  the  force  of  tho 
water,  and  at  that  angle  a  great  reservoir 
is  made,  with  a  filtering  place  at  one  end. 
This  consists  of  four  vaulted  chambers,  two 
above  and  two  below.  The  water  enter3 
into  the  top  of  the  first  upper  chamber,  it 
then  falls  through  a  hole  in  the  vault   into 
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the  first  lower  chamber,  then  passes  through 
small  holes  in  the  intermediate  wall  into 
the  second  lower  chamber,  then  rises 
through  a  hole  in  the  vault  into  the  second 
upper  chamber,  whence  it  follows  its  course 
at  the  same  level  as  before.  Each  filtering 
bed  is  therefore  built  on  the  principle  that 


water  finds  its  own  level.  The  large  stone 
pipes  were  used  because  neither  lead  nor 
terra-cotta  would  withstand  the  force  of  the 
water.  At  the  present  time,  the  iron  pipes 
of  the  new  company  burst  so  frequently 
that  they  fear  having  to  relay  the  whole 
extent. 


ON  THE  FIKE  CLAY  MANUFACTURE  OF  SCOTLAND  * 

From  "Proceedings  of  the  Edinburgh  and  Leith  Engineers  Society." 


The  art  of  working  in  fire  clay  dates  from 
a  very  early  period,  and  is  divided  into  nu- 
merous branches,  one  of  which,  namely,  the 
production  of  good  fire  clay,  I  shall  take  up 
as  the  subject  of  this  paper.  Instead,  then, 
of  going  back  to  the  bricks  of  the  most 
common  description,  as  made  in  Egypt,  or 
the  more  highly  ornamental  and  artistic 
productions  of  Greece  and  Eome,  the 
beautiful  manufactures  of  chinaware  in 
China  or  Japan,  or  the  modern  high  class 
work  in  porcelain  of  Germany  and  France, 
the  famous  productions  of  Wedgewood  and 
other  great  makers  of  pottery  in  England, 
with  the  elaborate  and  beautiful  encaustic 
tiles  and  tesseree  of  Milton,  I  shall,  as  al- 
ready stated,  confine  myself  specially  to  the 
manufactures  from  fire  clay,  as  a  branch 
of  industry  that  has  gradually  and  steadily 
risen  to  a  position  of  great  importance 
among  the  industries  of  this  country.  Pure 
fire  clays  consist  of  silica  and  alumina,  and 
as  such  are  perfectly  infusible  in  the 
strongest  heats  to  which  they  may  be 
exposed  in  furnaces ;  but  these  are  never 
in  this  pure  combination.  Various  quanti- 
ties of  lime,  magnesia,  oxide  of  iron,  etc., 
are  usually  in  the  compositions  of  these 
clays  ;  and  where  these  impurities  exceed  5 
per  cent,  they  are  positively  injurious,  for, 
acting  as  fluxes,  they  render  the  clay  liable 
to  fuse  at  an  intense  heat,  which  so  far 
neutralizes  the  refractory  qualities  for 
which  fire  clays  are  so  much  valued  in  mak- 
ing fire  brick  gas  retorts  and  similar  ar- 
ticles which  have  to  be  exposed  to  very 
high  temperatures. 

Fire  clays  are  found  amongst  the  coal 
measures,  and  at  the  "  outcrop "  can  be 
opened  up  into  workable  condition  at  com- 
paratively little  expense,  by  what  is  called, 
in  mining  phraseology,  a  "  dook,"   or  "  ig- 
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paper  read  before  the  above  Society  by  Mr.  Wm.  Wilson. 
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noring  eye,"  being  driven  into  the  seam  it- 
self, from  which  levels  branch  off  each  side, 
similar  to  those  from  the  bottom  of  a  verti- 
cal shaft.  In  either  case  the  usual  opera- 
tions in  mining  must  be  carried  out.  There 
are  two  general  systems  of  working  out  the 
clay,  namely,  by  "  longwall "  and  "  stoop 
and  room ; "  the  former  is  only  applied 
where  seams  not  exceeding  3  fc.  thick  are 
found,  and  as  the  most  of  fire  clays  in  Scot- 
land vary  from  5  ft.  upwards,  the  latter  sys- 
tem is  more  extensively  adopted.  It  con- 
sists in  driving  passages  in  such  a  manner 
as  to  divide  the  clay  into  rectangular  pil- 
lars or  stoops,  in  this  way  as  much  being 
left  on  as  what  is  taken  out,  the  usual 
size  of  stoops  being  20  to  25  ft.  square, 
which  supports  the  roof. 

Fire  clay  presents  the  appearance  of  a 
species  of  rock,  is  very  tenacious,  and  in 
loosening  it  in  the  mines  a  considerable 
quantity  of  blasting  powder  is  used  ;  it  is 
taken  in  small  "  hutches  "  to  the  bottom  of 
11  dook,"  in  pieces  somewhat  resembling 
!  rubble  stones  in  size  ;  these  are  drawn  to 
the  surface  by  means  of  an  engine,  and  the 
clay  deposited,  which  with  a  few  days'  ex- 
posure to  the  atmosphere  becomes  disin- 
tegrated, and  in  consequence  is  more  easily 
ground.  The  first  process  in  the  manufac- 
ture of  goods  to  which  it  is  subjected  is 
pulverizing  in  a  dry  state.  This  is  effected 
by  means  of  the  "  riddle  mill,"  which  con- 
sists of  a  circular  iron  pan,  7  ft.  in  diam- 
eter, driven  by  a  vertical  shaft  through  its 
centre ;  in  this  pan  are  two  massive  iron 
rollers,  each  weighing  about  three  tons, 
fixed  to  a  horizontal  shaft  working  between 
slides  at  each  extremity,  the  circular  mo- 
tion of  the  pan  communicating  the  motion 
to  the  rollers.  The  fire  clay  is  taken  from 
the  heap  and  thrown  into  this  mill,  scrap- 
ers being  suspended  from  iron  bars,  and  set 
at  such  an  angle  as  to  keep  the  rough  clay 
continually  before  the  rollers,  these  rising 
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and  falling  according  to  the  quantity  put 
in,  being  guided  in  this  by  means  of  the 
slides  already  referred  to.  From  the  outer 
edge  of  the  rollers  to  the  inner  rim  of  pan 
are  perforated  plates,  through  which  the 
clay  falls  after  being  reduced  to  a  compara- 
tively fine  powder,  and  these  plates  being 
movable,  finer  or  coarser  ones  can  be  sub- 
stituted when  necessary.  The  sifted  clay 
falls  into  a  ring,  and  attached  to  bottom  of 
pan  is  a  blade  or  scraper,  which  removes 
this  clay  every  revolution,  and  lodges  it  into 
a  recess,  from  which  it  is  taken  by  elevators 
to  the  pug  mills  and  batching  pans,  to  be 
brought  up  with  water  to  the  proper  con- 
sistency for  the  production  of  the  various 
articles  to  be  manufactured  either  by  hand 
or  by  machinery. 

Pug  mills  are  extensively  used  in  most 
of  common  brick  fields,  but  generally  in 
fire  clay  works  have  in  addition  a  circular 
iron  pan  fitted  above,  with  rollers  working 
in  same ;  into  this  pan  the  clay  is  received 
from  the  elevators,  and  mixed  with  water 
in  the  first  instance  ;  the  bottom  of  the  pan 
is  of  very  heavy  plates  perforated,  on  which 
the  rollers  revolve  in  the  same  way  as  the 
"riddle  mill,"  and  force  the  wet  clay  into 
the  pug  mill  beneath.  This  pug  mill  is  a 
very  strong  cylinder,  cast  perfectly  true 
and  erected  on  a  massive  stone  founda- 
tion #with  iron  basement,  is  fitted  up  verti- 
cally, and  stands  about  5  ft.  high  and  3  ft. 
diameter,  widening  at  top  in  bell  mouth 
style  to  the  diameter  of  pan  above.  Inside 
is  a  vertical  shaft  passing  through  its 
centre,  to  which  a  number  of  knives  are 
fitted  set  at  angles,  so  that  when  it  revolves 
the  clay  from  the  pan  above  is  thoroughly 
tempered  and  gradually  pressed  to  the  bot- 
tom of  cylinder,  and  forced  out  at  the  door 
on  side,  from  whence  it  is  Conveyed  to  the 
makers.  The  batching  pans  are  similar  to 
those  already  described,  with  the  exception 
of  the  bottoms  being  entirely  close  ;  these 
pans  are  used  for  producing  finer  qualities 
of  clays,  and  rendering  them  more  tena- 
cious ;  they  do  not  empty  themselves  as  in 
the  case  of  the  others,  so  that  a  greater 
amount  of  hand  labor  is  brought  to  bear  on 
this  portion  of  machinery. 

Before  adverting  to  the  various  processes 
of  manufacture,  I  have  to  remark  that 
these  are  carried  on  in  stoves,  flues  being  un- 
derneath the  floors,  about  20  in.  deep  and 
14  in.  broad,  covered  over  with  fire  clay 
tiles,  all  these  flues  concentrating  in  one 
main   leading   direct   to   the  chimney,    re- 


gulated by  dampers  so  arranged  that  the 
heat  can  be  retained  on  any  particular  part 
of  the  stove,  and  carried  right  through  as 
required.  The  heating  of  these  floors  is 
got  by  introducing  the  waste  steam  from 
the  engine  into  the  flues,  by  utilizing  the 
heat  from  burning  kilns  in  the  same 
way,  or  by  independent  furnaces  placed 
in  the  ends  of  the  stove,  and  fired  with 
dross,  thus  drying  the  material  making, 
and  allowing  manufacturers  to  continue 
their  operations  to  the  full  extent  in  all 
seasons.  Bricks  form  one  of  the  leading 
articles  manufactured  from  clay,  and  have 
given  rise  to  another  very  extensive  branch 
of  industry,  namely,  the  production  of  brick 
making  machinery,  upon  which  no  small 
amount  of  capital  has  been  expended,  and 
mechanical  skill  exercised  to  such  an  ex- 
tent that  numerous  useful  and  ingenious 
inventions  have  resulted,  considered  of  so 
much  importance  by  their  respective  de- 
signers, that  the  majority  are  to  be  found 
on  the  patent  lists.  The  cost  of  moulding 
the  bricks,  however,  bears  such  a  small 
proportion  to  the  total  cost,  that  machinery 
in  this  department  can  only  be  employed 
to  advantage  when  large  quantities  are  re- 
quired within  a  very  limited  period,  so  that 
in  point  of  economy  the  making  of  bricks 
by  hand  still  maintains  its  position,  and  it 
is  not  to  be  supposed  that  the  latter  pro- 
cess is  necessarily  slow,  as  with  the  usual 
attendants  a  good  brickmaker  can  produce 
5,000  in  ten  hours,  and  there  are  instances 
where  this  has  been  exceeded.  Brick 
moulds  are  made  of  wood  and  brass,  and 
in  many  common  brick  fields  iron  moulds 
are  used  exclusively.  The  mould  is  sim- 
ply a  box  without  top  or  bottom,  and  made 
in  the  proportion  of  an  inch  and  a  quarter 
to  the  foot,  larger  than  the  brick  required, 
which  allows  for  shrinkage  in  the  process 
of  drying  and  burning ;  when  made  of 
wood  it  is  shod  all  round  the  edges  with 
iron,  to  prevent  it  wearing  down  by  the 
working  of  the  striker  ;  it  is  also  frequently 
lined  with  brass,  but  when  the  latter  is 
used  it  is  much  better  to  have  the  mould 
complete  in  the  metal,  and  these  are  very 
much  adopted,  in  consequence  of  the  very 
fine  edge  which  they  impart  to  the  brick. 
In  the  making  of  fire  bricks  there  are  two 
processes,  namely,  dry  stock  and  slop 
moulding,  and  each  is  accepted  with  equal 
favor,  according  to  the  accommodation  or 
arrangement  of  the  various  works.  There 
are  more  attendants  at  the  former  than  the 
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latter  method,  in  consequence  of  which 
the  brickmaker  can  produce  the  greater 
quantity,  but  this  is  again  contracted 
in  the  drying,  as  while  the  dry  stock 
bricks  are  laid  on  the  floor  or  edge  those 
made  by  the  slop  system  are  laid  on  flat 
and  dried,  and  ready  to  be  removed  much 
more  quickly.  For  the  making  of  bricks  by 
the  latter  system  the  clay  from  the  pug  mill 
is  deposited  on  one  end  of  moulding  table ; 
fully  as  much  as  will  form  a  brick  being 
taken  from  this  by  the  moulder,  he  dexter- 
ously gives  it  rude  shape,  and  dashing  into 
the  mould,  presses  it  down  by  hand,  so  that 
all  the  corners  are  filled  up ;  he  then  re- 
moves the  superfluous  clay  by  means  of  a 
wooden  striker,  which  is  thrown  into  a 
water  box  before  him  each  time  after  using. 
The  brick  being  now  moulded,  a  boy  car- 
ries it  away,  mould  and  all,  and  empties  it 
carefully  on  the  floor  on  its  flat,  returns 
with  empty  mould,  and  dips  it  in  water 
ready  again  for  the  moulder,  who  by 
this  time  has  another  brick  in  a  second 
mould  which  is  taken  off  by  the  boy  in  the 
same  way,  and  this  is  continued  till  the 
day's  work  is  completed.  The  only  differ- 
ence between  this  process  and  "  dry  stock  " 
is  that  in  the  latter  the  moulder  has  a  boy 
alongside  of  him,  who  in  the  first  place 
forms  a  piece  of  clay  approximate  to  the 
mould,  which  necessitates  another  boy  on 
the  opposite  side  for  emptying  it,  and  this 
is  done  on  a  thin  board  rather  larger  than 
the  mould ;  the  carrying  off  boy  then  covers 
the  upper  side  with  another  similar  board, 
and,  gently  laying  it  on  its  edge  on  the 
floor,  slides  the  boards  off,  and  returns  with 
them  to  continue  the  operation.  These 
bricks  after  remaining  on  the  stove  floors 
for  twenty-four  hours,  are  sufficiently  dry 
to  be  removed  to  the  kilns  to  be  burned, 
about  25  per  cent,  of  their  weight  as  mould- 
ed having  been  evaporated ;  and  I 
may  state  that  any  less  water  than  this 
being  thrown  off  would  have  the  tendency 
of  causing  the  bricks  to  crack  and  split 
when  the  extra  heat  of  firing  in  close  kilns 
was  applied.  Pressed  bricks  are  prepared 
by  taking  the  ordinary  bricks  when  par- 
tially dry  and  putting  them  through  a  press- 
ing machine,  of  which  there  are  various 
constructions.  A  very  simple  and  effective 
machine,  and  one  very  much  in  use,  con- 
sists of  a  cast-iron  mould  the  size  of  the  brick, 
fitted  into  a  very  strong  iron  frame ;  this 
mould  is  let  down  the  inside  of  framing  by 
means  of  an   eccentric,  which   allows  the 


brick  to  be  put  in  on  a  flat  sole,  level  with 
the  top  of  the  same  mould  ;  a  handle  is  at- 
tached to  this  eccentric,  which  on  being 
drawn  lifts  the  iron  box  or  mould  which 
encloses  the  brick ;  it  is  then  compressed 
by  the  action  of  a  very  powerful  lever 
wrought  by  hand,  which  is  attached  to  the 
piston  in  connection  with  the  sole  plate  on 
which  the[brick  was  at  first  placed  ;  the  pres- 
sure is  thus  communicated  by  this  lever  for- 
cing up  the  sole  plate,  causing  the  brick  to- 
be  fixed  between  it  and  a  die  suspended 
from  the  upper  part  of  the  machine  by  two 
strong  bolts.  This  being  accomplished,  the* 
lever  and  eccentric  are  allowed  to  take  their 
original  vertical  position  till  the  pressed 
brick  is  removed  and  replaced  by  another. 
In  all  machines  for  this  purpose  particular 
attention  must  be  given  to  see  that  the 
mould  is  made  of  sufficient  strength,  that  it 
shall  in  no  way  yield  when  the  lever  is  ap- 
plied, and  that  it  and  the  piston  fit  each, 
other  exactly ;  when  this  is  not  the  case  a 
"  feather "  is  formed  round  the  edges  of 
the  bricks  in  consequence  of  the  clay  hav- 
ing egress  when  it  is  under  pressure.  Bricks 
pressed  in  this  way  are  of  denser  texture, 
require  more  care  and  time  in  drying,  but 
when  properly  prepared  take  on  a  beautiful 
finish,  with  very  sharp  arrises,  and  are 
much  used  for  facing  purposes  in  buildings. 
There  are  many  varieties  of  bricks,  but,  the 
process  of  manufacture  being  similar  to 
what  I  have  sketched,  it  is  unnecessary  to 
enter  into  this,  so  that  I  shall  now  follow 
the  dried  bricks  to  the  kiln.  Kilns  are  of 
various  constructions,  and  differ  very  con- 
siderably in  their  dimensions.  A  very  old  style 
of  kiln  is  still  in  use,  and  produces  very  good 
material ;  it  consists  of  a  rectangular  build- 
ing, the  side  walls  of  which  are  about  12  ft. 
high,  and  from  these  is  thrown  a  semicir- 
cular arch ;  the  floor  of  this  kiln  is  sunk  3 
ft.,  and  is  divided  into  flues  by  dwarf  walls 
being  built,  and  the  flues  thus  formed  are 
arched  over  at  the  ends  with  the  best  fire 
bricks  to  form  the  firing  ports  ;  these  flues 
extend  the  full  breadth  of  the  kiln,  which 
averages  12  to  14  ft.,  and  the  dwarf  walls 
are  carried  up  level  with  the  arch  of  firing 
ports,  and  to  form  the  floor  of  the  kiln  are 
covered  over  with  fire  tiles,  with  spaces 
left  alternately  about  4  in.  square,  which 
allows  the  heat  to  spread  amongst  the  raw 
material.  On  the  top  of  the  arch  are 
several  small  chimneys,  rising  2  ft.  or  so, 
communicating  with  the  interior  of  the 
kiln,  thus  forming  an  outlet  for  any  damp- 
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ness  that  may  be  expelled  in  the  first  stage 
of  firing,  and  also  creating  a  draught  which 
is  regulated  by  the  firemen  with  small  fire 
clay  dampers.     The  walls  are  usually  18  in. 
thick,  and   in   this  form  of  kiln    are   sup- 
ported by  spandrels  on  each  side,  springing 
8    ft.    or   so   from   the  bottom  of  walls  or 
firing  ports.     The  coals  are  taken  in  here, 
and  the  whole   being  covered  over,  makes 
the  position  of  the  fireman,  at   this  season 
especially,  in   comparison  with  other  sorts 
of  work,  very  desirable.     Round  kilns  on 
this  principle  are  also  in  use,  but  those  in 
general  favor  in  the  majority  of  fire  clay 
works  are  termed   "Newcastle  "  kilns,  and 
are  found  to  be  the  most  economical  open 
kilns  in  use.     Unlike  the  first  mentioned, 
they  are  fired  from  one  end  in  single,  and 
from  both  ends  in  double  kilns.     They  are 
usually  fitted  up  in  stacks  of  four  or  six 
together,  all  parallel  to  one  another,  each 
measuring  about  16  ft.  long,   12  ft.   wide, 
and  10  ft.  high.     The  entrance   to  these  is 
from  the  end  at  which  they  are  fired,  and 
the  door   being  built  up  with  loose  bricks 
after  the  kiln  is  filled,  it  is  then  used  as  a 
firing   port ;    or   the  door  may   be  in  the 
opposite   end,    and   simply   built    up   with 
loose  bricks  and  plastered  over.     In  plac- 
ing so  many  kilns  together  the  one  acts  as 
a   support  to   the  other,   so  that  only  the 
outside  walls  on  each  side  of  the  "  stack  " 
require  buttresses  which  are  of  considera- 
ble weight,   and  in  many  cases  built  the 
full  length  of  the  kilns,  so  as  to  have  the 
greater  effect   in   counteracting  the  lifting 
caused  by  expansion  when  they  are  on  full 
fire.     In   the  back  wall  of  each  kiln  are 
three  ports  or  flues  leading  into  one  main 
flue    outside,   communicating  with   a   very 
large    chimney,    which   works     the    whole 
"stack,"    each    kiln    being   regulated   by 
dampers  in  connection  with  their  respective 
flues,  so  that  each  or  all  can  be  in  operation 
at  the   same  time  without  the  one  in  any 
way   interfering   with   the   other.     In   the 
double  kilns   on   this    principle    the    only 
difference  in  arrangement  is  that  they  have 
independent   chimneys    of  smaller   dimen- 
sions, with  two  to  each  kiln,  placed  respec- 
tively  on   the    sides,    each  chimney  being 
connected   to    the   interior   with  two  flues 
(one  on  each  side),  which  work  the  whole. 
In   the   setting  of  the  kilns  a  great  deal 
depends,   and  for  this  purpose  very  expe- 
rienced workmen  are  required.     There  be- 
ing no  flue  or  riddle  to  the  last  description 
of  kilns,  the  bottom  is  levelled  over  with 


fine  loose  sand,  on  which  dried  bricks  are 
laid  down  on  edge  a  little  apart  from  each 
other ;  these  are  set  two  deep  and  form 
numerous  narrow  flues  running  into  a  cross 
flue  at  the  back  of  the  kiln,  which  communi- 
cates with  the  flue  ports  already  noticed,  so 
that  these  bricks,  while  forming  the  flues, 
are  burned  at  the  same  time.  Across  them 
another  brick  is  placed,  and  the  setting 
continued  till  the  kiln  is  filled,  generally 
header  and  stretcher.  At  works  where  a 
miscellaneous  trade  is  carried  on  a  very 
great  variety  of  articles  are  burned  at  the 
same  time,  but  in  all  cases  the  floor  is 
covered  with  bricks,  as  described ;  paving 
tiles,  flue  covers,  copings,  etc.,  all  starting 
from  the  top  of  the  third  course  of  bricks, 
and  arranged  in  such  a  manner  as  to  give 
a  proper  draught,  and  allow  the  heat  to  be 
equally  diffused  through  the  kiln,  thus  con- 
tributing to  a  great  extent  to  the  economi- 
cal application  of  fuel,  which  is  a  very  im- 
portant desideratum.  On  each  side  of  the 
door,  which  I  already  remarked  was  formed 
into  a  firing  port,  is  another  firing  port, 
into  all  of  which  the  fire  is  introduced,  and 
the  loose  bricks  are  plastered  over  with  wet 
clay  to  prevent  the  ingress  of  cold  air. 
For  firing  purposes,  dross,  chirls  and  chew 
coals  are  used,  and  it  is  immaterial  which 
may  be  recommended,  for  the  saving  in  the 
price  of  the  former  over  the  latter  is  lost  by 
the  extra  quantity  consumed  and  the  extra 
time  necessary  to  get  up  a  proper  heat. 
After  a  kiln  has  been  lighted  the  firing 
must  be  brought  on  very  gradually,  to  pre- 
vent the  material  from  cracking  or  splitting, 
which  occupies  from  48  to  60  hours.  The 
actual  firing  then  begins,  and  takes  as 
much  more  time,  at  a  consumption  of  chew 
coals  varying  from  15  cwt.  to  20  cwt.  to 
the  thousand  bricks,  and  to  other  materials 
in  proportion,  a  further  shrinkage  having 
taken  place  of  about  10  per  cent.  The 
heat  being  all  introduced  from  the  front  of 
the  kiln,  the  materials  immediately  adjoin- 
ing must  of  necessity  be  burned  before 
those  at  the  other  end  ;  but  to  prevent  any 
overheating,  port  holes  are  opened  to  admit 
cold  air  in  front,  which  not  only  neutra- 
lizes the  effect  of  the  heat  at  that  par- 
ticular part,  but  urges  it  backward,  the 
firemen  being  guided  by  several  small 
openings  at  the  top  of  the  arch,  through 
which  they  can  observe  the  progress  of 
the  firing  from  time  to  time,  so  that  the 
contents  of  the  kiln  may  be  of  uniform 
hardness  when  this  operation  is  completed. 
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The  cooling  process  then  follows,  which 
takes  about  three  days.  This  must  also 
be  carried  out  very  gradually,  as  a  sudden 
ingress  of  cold  air  upon  the  material  at  this 
stage  would  have  a  similar  effect  to  that  of 
heat  rushed  suddenly  upon  the  raw  ma- 
terial. Attempts  have  been  made  to  cool 
down  kilns  more  speedily  by  introducing 
heated  air  with  fanners,  and  gradually  re- 
ducing the  temperature  ;  but  this  has  not 
being  found  to  be  advantageous,  greater 
attention  having  been  giving  to  utilize  the 
surplus  heat,  by  introducing  it  into  stoves 
for  drying  purposes,  or  by  arranging  the 
kilns  so  that  it  may  be  conveyed  to  another' 
kiln  in  its  first  stage,  and  in  both  there  has 
been  a  considerable  amount  of  success.  To 
the  manufacture  of  the  heavier  materials  in 
Scotland  has  been  added  within  the  last 
thirty  years  another  branch  of  very  great 
importance,  namely  the  manufacture  of 
glazed  sewerage  and  water  pipes.  The  im- 
provements in  the  sanitary  arrangements 
throughout  the  country,  and  the  many 
water  schemes  which  have  been  carried  out 
of  late  and  in  progress,  have  tended  very 
materially  to  the  development  of  this 
branch  of  industry ;  the  improvements  in 
machinery,  whereby  these  pipes  can  be 
manufactured  at  a  considerable  reduction 
from  their  original  cost,  their  anti-corrosive 
properties,  and  complete  freedom  from  the 
action  of  acids,  render  them  (unless  where 
very  great  pressure  is  requhed)  preferable 
either  to  lead  or  iron.  These  pipes  are 
made  from  2  in.  to  3  ft.  diameter.  One  of 
the  machines  used  in  their  production  con- 
sists of  a  cylinder,  with  a  vertical  shaft 
through  its  centre  fitted  with  knives,  same 
as  the  pug  mill,  fixed  on  heavy  logs,  sup- 
ported by  massive  iron  columns,  the  bot- 
tom of  which  is  generally  about  4  ft.  from 
the  floor ;  it  is  perfectly  open  throughout, 
and  about  4  ft.  long ;  placed  vertically 
across  the  top  is  fixed  a  strong  cast-iron 
bracket  in  the  form  of  an  arch,  so  as  to 
allow  full  clearance  for  supplying  the  ma- 
chine with  clay ;  this  being  the  main 
bracket,  a  thrush  bush  is  used,  grooves 
being  about  1  in.  broad,  corresponding  to 
collars  of  same  size  in  vertical  shaft,  which 
forms  the  main  bearing  ;  the  shaft  extends 
about  3  ft.  higher,  at  which  extremity  it  is 
supported  by  another  bracket  carried  out 
from  the  wall,  so  that  the  whole  working  is 
effected  with  these  two  bushes.  The  cyl- 
inder has  a  large  flange  on  bottom  side 
about  2  in.  broad,  to  which  the  "  dies  "  are 


bolted ;  the  "  dods  "  in  the  centre  of  these 
"  dies  "  being  respectively  the  interior  diam- 
eter of  the  pipe  required,  with  the  shrink- 
age added,  while  the  space  through  which 
the  clay  is  pressed  gives  the  thickness ;  on 
each  side  of  the  machine  is  fixed  an  iron 
rod,  and  these  rods  act  as  guides  for  a 
carriage,  on  which  a  board  is  placed  to  re- 
ceive the  pipe  ;  this  carriage  being  suspend- 
ed by  chains  attached  over  pulleys  to 
heavy  weights,  is  forced  down  these  rods 
by  the  pipe,  when  being  pressed  out,  and 
th6  required  length  being  gained,  the  cut- 
ting apparatus,  which  is  attached  by  a  frame 
parallel  to  the  bottom  of  die,  is  brought 
into  operation,  when  a  thin  wire  is  drawn 
across.  The  board  with  this  pipe  is 
then  carried  away,  the  weights  take 
up  the  carriage  to  its  original  position, 
and  the  same  operations  are  continued. 
The  pipes  being  thus  got  as  plain  cylinders, 
they  are  then  threaded  to  form  the  spigot 
ends,  and  the  other  ends  roughed  to  receive 
the  faucets,  which,  during  this  operation, 
are  being  prepared  by  another  set  of  hands 
from  moulds  of  plaster  of  Paris.  In  mak- 
ing these,  several  moulds  are  required  and 
two  men  ;  one  forms  the  clay  into  a  long 
roll  and  passes  it  to  the  moulder,  who  press- 
es it  firmly  all  round ;  a  cutting  gauge  is 
then  used  to  make  it  of  the  requisite  thick 
ness,  and  to  give  sufficient  clearance  for 
jointing ;  the  threading  gauge  is  then  put 
on,  which  is  made  of  wood  with  teeth  shod 
with  iron,  corresponding  to  the  number  of 
threads  required,  and  is  firmly  held  against 
the  inside  of  this  mould  after  it  is  filled 
with  clay,  when  the  wheel  on  which  it  is 
placed  is  caused  to  revolve  and  the  gauge 
removed  with  a  gentle  sweep  by  the  hand 
when  finished  ;  the  second  man  carries  this 
away,  and,  laying  it  down,  returns  with  an- 
other mould  which  he  has  emptied,  and 
prepares  a  roll  of  clay,  when  by  this  time 
the  moulder  has  a  third  mould  filled,  and 
so  on.  These,  along  with  the  plain  cylin- 
ders, stand  about  twelve  hours  under  a 
gentle  heat,  as  for  further  operations  a 
greater  stiffness  is  required,  in  order  that 
their  form  may  be  retained  perfectly  true. 
The  next  operation  is  the  fixing  of  the  fau- 
cets, and  in  the  first  place  particular  atten- 
tion must  be  given  to  see  that  both  are  of 
uniform  stiffness,  as,  if  not,  unequal 
shrinkage  would  take  place,  and  the  clay 
joining  all  round  would  have  a  tendency  to 
crack.  The  roughest  end  of  the  pipe  is 
now  covered  over  with   "  slip  "  or  soft  clay 
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by  a  boy,  the  faucet  which  has  also  been 
roughed  on  the  underside,  is  then  put  on 
level,  and  the  workman  with  a  board  gives 
it  a  "tap,"  while  a  third  works  on  the 
shoulder,  which  joins  the  two  completely  ; 
the  pipes  then  remain  over  another  twelve 
hours,  when  they  are  sufficiently  dry  to  be 
handled  and  wrought  upon  without  in  any 
way  affecting  their  form  ;  the  superfluous 
clay  at  the  joining  inside  of  the  pipe  is  then 
cut  away  with  a  knife  by  one  of  the  men, 
while  others  follow  with  pieces  of  fine 
leather  to  smooth  the  whole  surface,  after 
which  they  are  set  aside  another  day  to  be 
thoroughly  dried  before  being  taken  to  the 
kilns  to  be  burned.  In  this  department  it 
will  be  observed  that  division  of  labor  is 
most  extensively  adopted,  as,  independent  of 
the  five  hands  attending  the  machine,  other 
ten  hands  contribute  each  a  part  before  a 
pipe  can  be  said  to  be  finished  in  the  store. 
Spencer's  patent  is  another  machine  of  this 
class,  the  special  object  of  which  is  to  make 
the  pipe  with  faucet  attached.  It  consists 
of  a  plain  open  cylinder  so  that  instead  of 
the  clay  being  taken  down  by  knives,  as  in 
the  one  already  described,  it  is  forced  down 
by  a  solid  piston  or  plunger  wrought  by  a 
steam  cylinder  fixed  above ;  the  "  die  "  to 
form  the  pipe  is  attached  to  the  bottom  of 
lower  cylinder,  and  underneath  the  "  die  " 
is  fixed  a  mould  to  form  the  faucet ;  this 
mould  being  in  two  halves,  opening  and 
shutting  by  means  of  a  hinge,  and  wrought 
by  hand.  The  solid  piston  in  connection 
with  the  steam  cylinder  rises  as  much 
above  the  lower  cylinder  as  to  allow  the  at- 
tendants to  put  in  the  clay,  and  this  being 
done,  the  steam  is  put  on  to  cause  the  solid 
piston  to  press  out  as  much  as  will  fill  the 
mould,  after  which  the  steam  is  shut  off 
and  the  mould  opened  by-  the  attendant ; 
the  full  stroke  of  the  piston  is  then  made 
and  forces  out  the  pipe  to  its  proper  length, 
which  is  then  cut  off  and  carried  away. 
No  doubt  it  looks  a  speedy  process  to  have 
the  pipe  and  faucet  made  all  at  once,  but  is 
not  exactly  found  to  be  so  in  practice ;  in 
fact,  most  of  the  manufacturers  in  Scotland 
who  have  had  these  machines  fitted  up 
have  dispensed  with  the  faucet  apparatus 
in  connection,  and  made  these  in  moulds  by 
hand,  while  the  machine  only  makes  the 
plain  cylinder ;  and  considering  that  there 
is  a  stoppage  every  pipe  to  supply  the  clay, 
etc.,  everything  considered,  the  former  ma- 
chine, with  a  continuous  motion  is  gene- 
rally preferred.     The  kilns  in  which  this 


class  of  material  is  burned  are  chiefly  on 
the  Newcastle  principle,  both  single  and 
double,  although  a  good  many  round  kilns 
are  still  in  use  and  work  well.  I  accept  the 
former,  however,  as  the  most  economical, 
and  the  only  difference  from  those  already 
described  is  that  these  are  generally  larger, 
and  have  a  "riddle"  bottom — that  is,  the 
floor  is  formed  of  bricks  15  in.  long,  which 
cover  flues  20  in.  deep,  these  flues  com- 
municating with  the  main  flue  to  chimney 
outside,  as  in  the  others.  The  bricks  are 
made  with  a  shoulder  on  each  edge,  extend- 
ing about  2  in.  at  the  ends  length  way  of 
the  brick,  so  that  when  two  are  laid  to- 
gether an  opening  of  about  three-quarters 
of  an  inch  is  formed  from  shoulder  to 
shoulder,  or  11  in.  long,  which  is  the 
breadth  of  the  flue.  This  class  of  material 
having  a  less  substance  is  more  readily 
split ;  hence  between  it  and  the  firing  ports 
is  built  a  wall  about  6  ft.  high,  as  a  pro- 
tection from  the  flames,  and  the  heat,  all 
going  to  the  top  in  the  first  place,  is  drawn 
down  by  the  arrangement  of  the  flues  in 
connection  with  the  chimney.  A  very  good 
size  of  kiln  measures  24  ft.  long  by  13  ft. 
wide,  from  which  take  off  the  length  about 
6  ft.  for  firing  ports  and  wall  in  front  and 
there  is  left  18  ft.  available  to  receive  the 
goods,  which  are  taken  in  by  a  door  in  the 
side  or  end.  In  filling  these  kilns  small 
rolls  or  rings  of  clay  are  first  laid  on  the 
floor,  on  which  the  first  tier  of  pipes  are  set ; 
a  second  tier  is  set  above  these,  steadied 
by  small  pieces  of  clay  put  into  faucets 
of  the  same,  and  the  third  tier  is  set 
into  the  second,  this  being  carried  on  till 
the  kiln  is  about  two-thirds  filled,  after 
which  only  two  tiers  of  pipes  are  set,  so  as 
to  keep  all  safe  from  the  sudden  action  of 
the  flame.  This  space,  however,  is  not 
altogether  lost,  as  stable  bricks  and  other 
material  not  so  liable  to  be  damaged 
generally  occupy  the  front  of  these  kilns; 
when  filled  the  door  is  built  up  and 
plastered  over  as  in  others,  and  the  fires 
being  lighted,  the  process  of  slow  firing  and 
full  firing  is  carried  out,  but  the  latter  is 
brought  up  to  a  more  intense  heat  for  the 
purpose  of  glazing.  This  process  consists 
of  a  quantity  of  the  chloride  of  sodium,  or 
common  salt,  being  thrown  into  the  fires  at 
their  greatest  temperature,  which  is  vapor- 
ized, and  combining  with  the  silicious  par- 
ticles of  the  clay,  forms  a  uniform  and 
durable  vitreous  coating,  the  flues  in  these 
kilns    drawing     he   vapor   down    through 
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each  pipe,  so  that  the  interior,  as  well  as 
the  exterior  surface,  is  thoroughly  glazed, 
and  it  is  this  which  gives  to  bricks  for  pav- 
ing stables,  courts,  footpaths,  etc.,  curbs 
and  gutters  for  streets,  and  similar  articles, 
that  degree  of  hardness  and  durability 
which,  combined  with  their  cleanliness  and 
non-absorbent  properties,  recommend  them- 
selves as  the  most  economical  materials  for 
the  purposes  for  which  they  have  been  in- 
troduced, and  now  wmst  extensively  ap- 
plied. 

Terra-cotta  is  another  branch  of  these 
manufacturers  which,  at  the  present  day,  is 
prosecuted  with  greater  enterprise  than 
hitherto ;  great  authorities  speak  highly  in 
its  favor,  even  where  stone  is  plentiful,  but 
where  there  is  a  scarcity  of  the  latter,|build- 
ings  in  terra-cotta  are  more  frequently 
adopted,  and  it  is  not  uncommon  that  de- 
cayed stones  in  ancient  buildings  are  re- 
placed by  this  imperishable  material.  To 
estimate  the  shrinkage  which  any  design 
will  undergo  from  being  formed  in  a  plastic 
state  to  its  being  turned  out  thoroughly 
burned,  is  one  of  the  great  difficulties  at- 
tending this  department,  and  when  great 
exactness  is  required,  burnt  clay,  after 
being  reduced  to  a  fine  powder,  is  mixed  in 
a  certain  proportion  with  the  raw  clay  to 
diminish  the  shrinkage  to  the  utmost. 
Many  compositions  are  used  in  the  produc- 
tion of  it ;  for  instance,  in  various  parts  of 
England  the  natural  clays  are  mixed  with 
varied  proportions  of  kaolin  or  china  clay, 
Cornish  stone,  ground  flint,  etc.,  to  make 
up  a  durable  substance,  and  this  com- 
position is  held  to  produce  very  fine 
work. 

A  few  years  ago  I  executed  several  con- 
tracts in  terra-cotta  for  the  Science  and 
Art  Department,  South  Kensington,  for  the 
museum  there,  consisting  of  balustrading, 
friezes,  cornices  and  other  ornamental  work, 
from  the  fire  clay  which  I  work  at  Loch- 
head,  near  Dunfermline,  without  mixture ; 
and  several  English  houses  have  also  con- 
tributed some  work  from  the  same  nature 
of  clay.  About,  that  time  a  paper,  bearing 
on  the  qualities  of  the  various  compositions 
from  which  terra-cotta  is  manufactured, 
was  discussed  by  men  of  great  experience 
in  the  architectural  world,  which  resulted 
in  the  weight  of  argument  being  rather  in 
favor  of  the  clays  from  the  coal  measures. 
Terra-cottas  are  made  in  various  colors,  so 
that,  when  required  for  the  replacing  of 
decayed  stones,  the  tints  of  the  two  may  be 


exactly  similar.  The  color  is  frequently 
merely  washed  on  the  surface,  but  in  these 
cases  the  slightest  chip  or  abrasion  reveals 
a  different  shade,  which  is  most  objection- 
able, and  it  is,  therefore,  necessary  that  the 
color  penetrate  the  whole  substance.  To 
effect  this  the  coloring  ingredient  is  added 
when  the  clay  is  in  a  dry  state  and  properly 
mixed  ;  it  then  goes  through  the  batching 
pans,  where  water  is  applied  to  render  it 
plastic,  to  be  operated  upon  by  the  work- 
men. An  endless  variety  of  patterns  are 
to  be  found  in  all  departments  of  architec- 
ture, and  the  greater  portion  is  wrought 
from  plaster  of  Paris  moulds  by  hand. 
The  numerous  designs  in  plain  and  orna- 
mental chimney  cans,  so  as  to  be  in  con- 
formity with  the  style  of  the  various  build- 
ings erected,  form,  themselves,  a  very 
extensive  stock.  Other  architectural  work, 
such  as  balustrading,  columns,  capitals, 
cornices,  etc.,  and  apart  from  the  more  use- 
ful productions,  are  the  highly  ornamental, 
such  as  fountains,  vases,  garden  ornaments 
and  decorations,  all  of  which  swell  the 
list  of  manufactures  from  the  fire  clay,  caus- 
ing them  to  form  a  very  important  outlet 
for  labor,  in  which  no  small  proportion  of 
skilled  labor  is  required,  commanding  a 
rate  of  wages  as  high  as  two  guineas  a 
week.  A  class  of  work  to  which  the  high- 
est skilled  labor  is  applied  is  in  the  produc- 
tion of  statuary,  and,  from  the  variety  of 
processes  through  which  it  has  to  pass,  it 
will  be  inferred  that  very  great  expense 
attends  it.  The  first  and  most  important 
part  is  to  select  an  artist  of  undoubted 
skill,  thoroughly  acquainted  with  the  plas- 
tic substance  in  which  his  design  is  to  be 
cast,  who  completes  the  model;  plaster  of 
Paris  is  then  made  up  to  the  consistency  of 
cream,  and  poured  uniformly  over  the 
whole  surface  to  such  a  thickness  as  to  give 
it  a  proper  substance,  and  in  this  are 
placed  small  iron  rods,  which  act  as  ties 
and  give  strength  to  the  mould ;  the  plaster 
of  Paris  now  stands  sufficiently  long  till  it 
sets,  and  speedily  attaining  a  firmness,  it  is 
inverted  and  the  subject  taken  from  it. 
The  artist  then  examines  the  whole  very 
carefully,  touching  up  with  a  small  tool 
any  imperfection,  after  which  it  is  put  on 
the  stove  for  a  day  or  so  to  be  properly 
hardened  before  the  mould  can  be  said  to 
be  completed.  These  moulds  in  various 
subjects  are  very  intricate,  and  consist  of 
numerous  parts,  all  of  which  are  fitted 
together  in   such  a  way  that  each  of  the 
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parts  can  be  independently  disunited.  The 
clay  for  this  department  is  specially  pre- 
pared, and  partakes  to  a  great  extent  of 
the  same  process  as  in  China  ware  in  pot- 
teries. For  this  preparation  a  "  ship  plate  " 
is  used  (which  is  simply  a  fire  clay  trough 
of  considerable  length),  under  which  runs 
a  flue,  heated  by  means  of  a  furnace  at  one 
end.  The  ground  clay  being  soaked  in 
water  is  put  through  a  very  fine  lawn  sieve 
into  this  "  slip  plate,"  and  is  heated  by  the 
furnace  up  to  boiling  temperature,  and  con- 
tinued until  as  much  water  is  evaporated 
as  will  render  the  clay  of  a  consistency  fit 
for  use.  It  is  then  taken  out  and  thorough- 
ly beaten  and  kneaded  by  hand  to  drive  out 
the  air,  and  this  being  completed  it  is 
taken  to  the  moulder.  This  very  fine  clay 
is  now  firmly  pressed  by  hand  into  all  parts 
of  the  mould,  and  these  parts  are  all  fixed 
together  and  properly  jointed.  To  the  clay 
has  thus  been  imparted  an  exact  outline  of 
the  design,  which  remains  in  the  mould  two 
days  or  so,  until  a  degree  of  stiffness  has 
been  acquired,  after  which  the  various  pieces 
of  the  mould  are  carefully  removed.  The 
superfluous  clay  at  the  joinings  is  now  pared 
off  with  a  knife,  and  the  whole  figure 
undergoes  a  process  of  very  fine  finishing, 
which  is  a  special  branch  requiring  very 
experienced  and  artistic  workmen,  and,  in 
order  to  prevent  sinking  or  twisting  in  those 
figures  and  designs  that  have  the  top  part 
heavier  than  the  lower,  it  is  frequently 
necessary  to  provide  supports  at  this  stage 


of  the  manufacture.  Statues,  fountains  and 
other  similar  productions  on  a  large  scale, 
where  no  duplicate  is  required  after  being 
modelled,  are  taken  direct  to  the  kiln  and 
fired,  retaining  unimpaired  the  last  touches 
of  the  artist. 

The  kilns  in  which  the  finer  class  of  terra- 
cotta is  burned  are  termed  "  muffled " 
kilns,  from  their  being  constructed  with  a 
casing  (a  brick  thick),  inside  of  which  all 
the  goods  are  placec^  thus  being  thoroughly 
protected  from  the  flame.  A  space  about 
4J  in.  between  this  casing  and  the  outside 
wall  is  where  the  fire  operates,  in  the  same 
way  as  an  oven.  The  extra  expense  in 
heating  up  this  description  of  kiln  is  very 
considerable,  but  there  is  not  the  risk  of 
beautifully  finished  figures  or  designs  turn- 
ing out  after  being  burned  with  scorched 
surfaces,  as  occasionally  occurs  in  the  open 
kilns ;  and  while  the  casing  only  allows  the 
heat  to  be  brought  up  very  gently,  the 
highest  degree  of  white  heat  necessary  can 
be  raised,  so  that  there  is  not  the  slightest 
danger  of  any  class  of  ornamental  goods 
made  from  fire  clay,  when  properly  burned, 
giving  way  under  exposure  to  the  most 
severe  weather. 

Fire  clay  works  in  Scotland  are  carried 
on  chiefly  in  the  counties  of  Edinburgh, 
Fife,  Clackmannan,  Lanark,  Renfrew  and 
Ayr ;  and  while  the  goods  manufactured 
have  a  large  and  increasing  home  consump- 
tion, an  extensive  foreign  connection  is 
maintained. 


THE  HUMBEE  TUNNEL. 


From  "Engineering. 


The  bill  for  the  tunnel  under  the  Hum- 
ber  at  Hull  was  lately  rejected  by  the  House 
of  Lords  after  it  had  passed  the  House  of 
Commons.  The  following  description  of 
the  plans  of  the  Engineer,  Mr.  Fowler, 
together  with  some  of  the  objections  raised 
against  them  while  the  project  was  dis- 
cussed in  the  Parliamentary  Committees, 
is  given  from  the  columns  of  "  Engineer- 
ing." 

Hull — the  third  port  in  the  kingdom, 
ranking  after  London  and  Liverpool  alone 
— is  placed  in  the  anomalous  position  of 
having  but  one  railway  for  its  accommoda- 
tion. This  anomaly  is  doubtless  due  to 
its  geographical  position,  separated  as  it  is 
from  the    south   by   the   broad    and  rapid 


stream  of  the  Humber,  the  two  miles 
width  of  which  has  hitherto  proved  an  im- 
passable barrier. 

Mr.  Fowler,  however,  was  of  opinion  that 
in  the  present  stage  of  engineering,  such 
a  barrier  should  no  longer  be  deemed  im- 
passable, and  he  therefore  matured  an  ap- 
parently bold,  but  in  reality  a  cautious 
and  tentative  scheme  for  carrying  the  rail- 
way across  the  Humber  by  means  of  a 
tunnel  laid  by  the  pneumatic  process  in  its 
sandy  bed.  The  details  of  this  scheme 
were  fully  elucidated  in  the  evidence  given 
by  him  before  both  Committees,  and  they 
are  of  the  highest  engineering  interest ; 
but  we  shall  be  unable,  in  the  present  in- 
stance, to  do  more  than  touch  upon  some  of 
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the  most  salient  points  .of  the  proposed 
pneumatic  system  of  construction. 

We  may  premise  in  the  first  place,  what 
will  be  conceded  by  all,  that  if  an  ordinary 
rectangular  pneumatic  caisson,  such  as  is 
used  for  bridge  piers,  be  sunk  to  the  requi- 
site depth,  it  will  be  just  as  easy  to  build  a 
short  length  of  tunnel  in  the  working  air 
chamber  at  the  base  of  the  caisson  as  to  fill 
in  the  said  chamber  with  solid  concrete — 
a3  would  be  done  were  it,  as  usual,  made 
an  integral  portion  of  a  bridge  pier.  It 
follows,  as  a  corollary,  that  a  number  of 
isolated  lengths  of  tunnels  might,  in  this 
manner,  be  laid  in  the  bed  of  a  river,  and 
that  the  only  novelty  involved  would  be  as 
to  the  junction  of  these  separate  lengths. 

It  will  at  once  be  apparent  that  whilst  in 
the  case  of  the  pier,  a  part,  at  least,  of  the 
caisson  must  be  left  in  the  ground,  since 
the  masonry  is  built  upon  it,  in  the  case  of 
the  tunnel  the  caisson  may  be  withdrawn, 
and  the  bed  of  the  river  may  be  restored 
to  its  original  level. 

The  appliances  pertaining  to  ordinary 
caisson  work  consist  of  pontoons  for  car- 
rying the  machinery  and  materials,  with 
the  requisite  moorings  for  securing  them  in 
position,  of  the  caisson  itself  with  its  work- 
ing air  chamber  and  shafts,  of  guide  piles 
for  regulating  the  sinking  of  the  caisson,  in 
connection  with  tackle  for  preventing  the 
too  rapid  descent  of  the  caisson  before  it 
has  sufficient  hold  in  the  ground,  and  of 
weights  to  force  it  down  if  the  ground  has, 
on  the  other  hand,  too  much  hold  on  the 
caisson. 

Now,  in  Mr.  Fowler's  design,  the  whole 
of  these  appliances  are  contained  in  one 
simple  and  efficient  apparatus,  which  he 
terms  the  "  working  vessel."  Three  of  these 
vessels,  each  equal  to  the  construction  of 
a  length  of  160  ft.  of  tunnel  at  an  opera- 
tion, were  proposed  to  be  employed  by  Mr. 
Fowler,  and  the  following  description  of  one 
will  apply  to  all  : 

A  rectangular  pontoon  160  ft.  long  by 
42  ft.  wide,  and  12  ft.  depth,  with  a  work- 
ing air  chamber  or  diving  bell  of  similar 
dimensions  attached  to  its  bottom,  and  a 
deck  for  machinery  carried  upon  columns 
at  a  sufficient  height  aoove  the  top  of  the 
pontoon  to  be  clear  of  the  water  at  all  times, 
constitute  the  chief  portion  of  the  appara- 
tus. The  requisite  air  and  water  shafts, 
supply  pipes,  and  other  means  of  communi- 
cation between  the  air  chamber  and  the 
said  deck,  were  also  provided,  and  a  number 


of  screw  piles  and  heavy  mooring  chains 
were  ranged  along  each  side  of  the  pontoon, 
and  worked  by  suitable  steam-driven  appa- 
ratus placed  on  the  machinery  deck.  In 
addition  to  the  working  vessels,  a  few  air- 
tight ballast  barges  were  provided  to  per- 
form a  double  function,  which  will  be  here- 
after referred  to,  and  it  may  be  here  noted 
that  the  pontoon  itself  was  weighted  with 
1,200  tons  of  slag  ballast. 

The  mode  of  constructing  a  length  of 
tunnel  by  Mr.  Fowler's  process  would  be  as 
follows : 

The  position  of  the  first  length  of  tunnel 
being  determined,  and  a  number  of  screw 
moorings  with  buoyed  chains  being  fixed  at 
the  requisite  points,  the  pontoon,  with  its 
self-contained  appliances,  would  be  con- 
ducted by  steam-tugs,  at  slack  water  of 
flood  tide,  to  its  position  between  the  buoys, 
and  the  mooring  chains  previously  referred 
to  as  being  attached  to  the  pontoon,  and 
worked  by  machinery  on  its  upper  deck, 
would  then  be  secured  to  the  buoys,  when 
the  pontoon  would  be  hauled  into  a 
sufficiently  exact  position.  The  next  step 
would  be  either  to  allow  the  working  vessel 
to  ground  with  the  falling  tide,  or  should 
the  bed  of  the  river  not  be  suitable  for  such 
a  process,  to  run  down  the  screw  piles 
whilst  the  pontoon  was  still  floating,  so  that 
at  low  water  the  working  vessel  would  be 
supported  partly  by  its  lower  edge  (which 
would  to  some  extent  have  cut  into  the  bed 
of  the  river),  and  partly  by  the  screw  piles. 
When  fairly  entered  in  the  sand,  the  ballast 
barges  previously  referred  to  would  be 
floated  over,  and  sunk  upon  the  top  of  the 
pontoon,  the  water  would  next  be  expelled 
from  the  working  chamber  by  pumping  in 
air,  and  men  would  then  enter  the  chamber 
and  get  out  the  excavation  by  means  of 
sand  pumps  and  other  well-known  and 
economical  expedients.  When  the  excava- 
tion had  reached  a  depth  of  24  ft.,  the  top 
of  the  pontoon  would  be  level  with  the  bed 
of  the  river,  and  as  the  sinking  progressed 
the  ballast  barges  would  bury  themselves 
in  the  sand,  and  so  perform  their  second 
function,  of  keeping  the  sand  from  flowing 
over  the  top  of  the  pontoon,  and  so  impeding 
its  subsequent  raising. 

The  working  vessel  being  thus  sunk  to  a 
depth  a  trifle  below  that  of  the  invert  of 
the  proposed  tunnel,  bricklayers  would  re- 
place the  excavators,  and  the  lower  half  of 
a  couple  of  single-line  railway  tunnels 
would  be  built  by  them  in  the  air  chamber. 
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At  each  end  of  the  tunnel  head  walls 
would  be  built,  with  a  view  to  exclude  the 
sand,  but  not  the  water.  The  inner  half 
thickness  of  these  walls  would  be  of  brick- 
work, and  the  outer  half  of  weak  mortar, 
the  utility  of  which  will  be  apparent  here- 
after. 

This  work  having  progressed  so  far,  it 
would  become  necessary  to  raise  the  work- 
ing vessel  to  admit  of  the  upper  half  of  the 
tunnel  being  completed.  To  do  this  it 
would  be  first  necessary  to  lighten  the  ap- 
paratus, and  this  introduces  us  to  one  of 
the  most  elegant  features  of  Mr.  Fowler's 
design,  and  the  one  which  was  persistently 
misunderstood  by  the  opposing  engineers 
throughout  the  entire  case,  to  their  own 
complete  discomfiture  in  cross-examination. 
In  Mr.  Fowler's  design  complete  control 
over  the  raising  and  lowering  of  the  caisson 
is  obtained  by  the  simple  manipulation  of  a 
couple  of  valves — an  air  valve  and  a  water 
valve  ;  and  all  irregularity  of  ascent  or  de- 
scent is  checked  by  the  screw  piles  attached 
to  the  sides  of  the  vessel.  As  previously 
explained,  both  the  working  vessel  and  the 
barges  are  self-floated  into  position,  and 
since  they  are  heavily  ballasted  it  is  obvious 
that  the  admission  of  a  few  hundred  tons 
of  water  would  suffice  to  sink  them;  the 
admission  of  a  further  quantity  would 
enable  them  to  resist  the  upward  pressure 
of  air  in  the  working  chamber  ;  whilst  the 
admission  of  a  still  further  quantity  would 
supply  the  necessary  additional  downward 
pressure  to  overcome  the  friction  of  the 
sand  against  the  sides  of  the  caisson,  which 
downward  pressure,  it  is  obvious,  might  be 
considerably  increased  at  any  time  by  in- 
ducing a  slight  temporary  reduction  in  the 
pressure  of  air  in  the  working  chamber. 

In  the  same  manner  the  converse  opera- 
tion of  raising  the  caisson  would  be  ef- 
fected by  converse  processes.  Thus  by 
expelling  a  certain  quantity  of  water  from 
the  chambers  of  the  pontoon  and  barges  by 
the  admission  of  air,  the  downward  pres- 
sure arising  from  the  weight  of  the  appa- 
ratus would  be  neutralized,  and  by  expel- 
ling a  further  quantity  a  buoyancy  would 
be  imparted  to  the  apparatus,  sufficient 
to  cause  it  to  overcome  friction,  and  tear 
itself  out  of  the  sand  if  unchecked  by  the 
screw  piles.  This  limit  would  not  be  ap- 
proached too  closely  in  practice,  since  screw- 
jacks  were  proposed  to  be  used  by  Mr. 
Fowler  as  auxiliaries  in  the  raising  of  the 
caisson. 


Reverting,  now,  to  the  description  of  the 
construction  of  the  first  length  of  tunnel, 
the  step  subsequent  to  those  already  de- 
scribed will  be  to  raise  the  caisson  by  the 
admission  of  air  to  the  chambers  in  the 
pontoon  and  barges,  and,  by  screw-jacks,  to 
a  sufficient  height  to  admit  of  the  upper 
half  of  the  tunnel  being  built.  As  the 
raising  progressed,  puddle  would  be  filled 
in  at  the  sides  of  the  tunnel,  in  the  space  pre- 
viously occupied  by  the  stiffeners  and 
gussets  of  the  air-chamber  sides,  and  when 
the  necessary  height  had  been  attained, 
puddle  would  be  filled  in  over  the  top  of 
the  tunnel  also.  Dependence  is  not  placed 
by  Mr.  Fowler  upon  the  puddle  solely  to 
exclude  the  water,  but,  as  the  brickwork 
progressed,  it  would  be  paid  over  with  a 
specially  prepared  elastic  asphaltic  mastic 
which  would  be  perfectly  impervious  to 
water. 

The  first  length  of  tunnel  being  thus  com- 
pleted, the  ballast  barges  would  be  first 
floated  off,  and  then  the  pontoon  itself 
would  be  similarly  floated,  and  moored  in  a 
new  position.  Assuming  the  adjoining 
length  of  tunnel  is  next  to  be  undertaken,  the 
working  vessel  would  be  moored  as  near  as 
possible  to  the  completed  length,  say, 
within  1  ft.  of  its  end.  Sinking  would 
then  be  effected  as  before,  and  it  will  be 
obvious  that  in  its  descent  the  cutting  edge 
of  the  caisson  would  shear  through  the 
weak  mortar,  which,  as  already  explained, 
was  placed  at  each  end  of  the  first  length 
of  tunnel.  The  1  ft.  space  between  that 
tunnel  and  the  caisson  would  consequently 
be  filled  by  an  artificial  film  of  self-sustain- 
ing mortar,  instead  of  running  sand,  which 
would  otherwise  have  been  the  case. 
When  the  lower  half  of  the  tunnel  was 
complete  the  caisson  would  be  gradually 
raised  in  successive  steps,  and  during  such 
raising  the  junction  of  the  two  lengths  of 
tunnel  would  be  effected  as  follows  :  The 
caisson  being  lifted,  say,  9  in.,  the  men 
would  remove  a  portion  of  the  weak  mortar 
lying  outside  the  edge  of  the  caisson,  and 
would  so  prepare  a  bed  for  the  brickwork 
necessary  to  join  up  the  two  lengths,  which 
bed  would  be  kept  c\ear  of  the  sand,  which 
would  otherwise  have  flowed  in,  by  the 
portion  of  the  weak  mortar  film  which 
would  still  remain.  The  bricklayers  would 
then  join  up  the  two  lengths  by  passing 
their  hands  under  the  edge  of  the  caisson, 
and  bonding  the  bricks  into  the  toothings 
of  the  old  tunnel  in  the  usual  way.     The 
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inconvenience,  if  not  impracticability,  of  mak- 
ing the  junction  in  this  way  was  much 
dwelt  upon  when  the  Bill  was  before  the 
House  of  Commons ;  so  Mr.  Fowler  himself, 
as  well  as  a  practical  contractor  for  him, 
determined  to  test  the  validity  of  the  objec- 
tion by  the  actual  construction  of  a  joint 
under  analogous  conditions.  No  difficulty 
at  all  was  experienced  in  executing  the 
work,  and  its  soundness  was  well  attested 
by  the  specimens  produced  in  the  House  of 
Lords  Committee'  Boom.  To  still  further 
silence  objections,  Mr.  Fowler  pointed  out 
that  the  joint,  if  weak,  could  be  readily  re- 
inforced by  iron  tubing,  so  that  absolute  im- 
munity from  leaking  was  cheaply  attainable. 

Such  is  a  brief  sketch  of  the  scheme 
which  was  fully  elaborated  in  all  its  inter- 
esting details  for  many  days  before  Com- 
mittees of  both  Houses  of  Parliament.  We 
have  not  space  to  do  more  than  refer  to  a 
few  of  the  more  extraordinary,  and, 
we  trust,  unprecedented,  objections  urged 
against  it  by  its  detractors. 

In  the  first  place  it  was  suggested  that 
the  caisson  would  tear  up  its  moorings,  as 
the  current  was  great.  It  is  said  that  a 
premise  may  be  found  wide  enough  to  hold 
any  conclusion,  but  as  Mr.  Fowler  did  not 
specify  any  particular  number  of  screw 
moorings,  but  simply  premised  that  he 
should  employ  as  many  as  were  necessary, 
the  above  diction  does  not  apply  in  the  pres- 
ent case. 

In  the  second  place  it  was  maintained 
that  the  caisson  could  not  be  sunk,  as  the 
downward  pressure  was  insufficient  to  over- 
come friction.  Attention  was  called  to  the 
fact  that  Mr.  Fowler  proposed  at  intervals 
to  effect  a  slight  temporary  reduction  in  the 
pressure  of  air  in  the  working  chamber,  but 
it  was  answered  that  to  obtain  the  required 
downward  pressure  it  would  be  necessary 
to  reduce  the  pressure  to  that  of  the  atmos- 
phere, and  this  conclusion  would  have  been 
quite  correct  if,  as  was  assumed,  the  pres- 
sure of  air  in  a  diving  bell  is  dependent 
upon  the  height  of  the  bell  and  not  upon 
its  depth  below  the  surface  of  the  water  ! 
Witness  was  very  strong  upon  this  point,  so 
his  evidence  appears  upon  the  notes  un- 
shaken. 

But  even  if  the  unfortunate  caisson  could 
have  been  got  down,  it  could  not  have  been 
raised  (so  it  was  affirmed),  for  there  were 
several  thousands  of  tons  of  dead  weight  to 
be  lifted  by  extraneous  means,  indepen- 
dently of  the  power  required   to  overcome 


friction.  It  was  suggested  in  cross  exami- 
nation that  the  opponents  were  tugging 
away  at  some  thousands  of  tons  of  water 
which  they  had  let  into  the  pontoon  and 
ballast  barges,  and  which  Mr.  Fowler  of 
course  had  stated  would  be  removed  before 
lifting  was  attempted.  One  witness  actual- 
ly stated  at  first  that  this  would  make  no 
difference  ;  but,  thanks  to  the  persistency  of 
counsel,  he  was  finally  compelled  to  recant 
his  scientific  heresy. 

But,  according  to  the  opposing  engineers, 
not  only  would  the  caisson  neither  sink  nor 
rise,  but  it  would  not  even  swim  to  its  posi- 
tion without  being  in  imminent  danger  of 
upsetting.  One  witness  volunteered  the 
statement,  that  if  the  centre  of  gravity  were 
raised  3  ft.,  it  would  occur  above  the  centre 
of  buoyancy,  and  the  rectangular  pontoon 
"would  turn  over  as  a  matter  of  course!  " 
This  witness  had  made  the  slight  mistake 
of  confounding  the  centre  of  buoyancy  with 
the  metacentre — that  was  all. 

It  is  unnecessary  to  multiply  instances 
of  similar  fallacies  advanced  to  prove  Mr. 
Fowler's  scheme  to  be  impracticable.  It 
would  appear  almost  incredible  to  us  were 
not  the  printed  evidence  lying  before  us, 
that  two  past  presidents  and  a  vice-presi- 
dent of  the  Institution  of  Civil  Engineers 
would  venture  to  impugn  the  careful  calcu- 
lations of  four  members  of  equal  rank  in 
the  same  Institution,  with  so  little  previous 
preparation  as  the  blunders  perpetrated 
would  evidence.  We  are  aware  that  great 
engineers  seldom  devote  much  time  to  de- 
tailed calculations,  but  in  the  present  case 
the  fallacy  of  their  conclusions  was  self- 
evident.  Thus,  in  raising  the  caisson  it 
should  have  been  obvious  that  no  dead 
weight  would  have  to  be  dealt  with  by  ex- 
traneous means  ;  for  as  both  pontoon  and 
barges  had  been  floated  into  position,  so 
would  they  float  again,  and  there  would  be 
the  surplus  flotative  power  of  the  free- 
boards of  both,  coupled  with  the  buoyancy 
of  the  working  chamber,  available  to  over- 
come friction. 

The  statement  that  the  pontoon  would 
tumble  over  if  the  centre  of  gravity  were 
ever  so  little  above  the  centre  of  buoyancy, 
is  even  still  more  self-evidently  monstrous. 
What  would  happen  if  a  plank  were  cast 
into  the  water?  The  centre  of  gravity 
would  be  above  the  centre  of  buoyancy, 
and  the  plank,  according  to  the  theory 
advanced,  would  at  once  turn  over.  But 
even  then  it  would  be  as  badly  off  as  be- 
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fore,  and  thus  there  would  be  no  alternative 
for  the  unfortunate  plank  but  to  continue 
rolling  and  rolling,  like  the  stone  of  Sisy- 
phus, until  relieved  by  the  superior  powers 
from  its  wearisome  round. 

Evidence  such  as  this  involves  practical, 
though  of  course  not  wilful  injustice.  The 
confident  statements  of  deservedly  eminent 
engineers  have  justly  great  weight  with 
the  members  of  Parliamentary  Committees, 
and  the  impression  of  these  statements  is 
not  always  effaced  by  a  subsequent  technical 


digest  of  the  witness  in  cross-examination. 
It  is  for  this  reason  much  to  be  regretted 
that  the  eminent  engineers  who  appeared 
against  Mr.  Fowler  and  his  equally  eminent 
coadjutors,  should  have  been  at  so  little 
pains  to  appreciate  the  details  of  his  scheme. 
It  would  have  been  still  more  a  matter  for 
regret  if  the  evidence  of  the  former  engi- 
neers had  not  been  so  completely  demolish- 
ed as  it  was  by  the  singularly  able  cross- 
examination  of  the  leading  counsel  of  the 
promoters  of  this  Bill. 


ON  FLOUB  MILL  EXPLOSIONS. 

By  STEVENSON  MACADAM,  F.  R.  S.  E. 


From  "  Iron." 


Twelve  months  ago  a  violent,  disastrous, 
and  lamentable  fire  explosion  occurred  in  a 
flour  mill  in  Glasgow.  A  large  building  of 
five  floors,  besides  a  sunk  story  and  attics, 
had  its  gable  walls  blown  out,  and  was  fired 
from  top  to  bottom. 

The  operations  which  were  being  carried 
on  were  of  the  most  peaceful  description, 
and  were  simply  the  cleansing  and  grinding 
of  grain,  and  dressing  of  the  flour.  All  the 
processes  were  proceeding  in  the  most  regu- 
lar and  harmonious  manner,  and  yet  within 
a  few  seconds,  two  explosions  took  place; 
the  mill  was  in  ruins,  the  debris  was  simul- 
taneously fired,  the  site  of  the  mill  was  a 
roaring  furnace,  and  out  of  twenty- seven 
work-people  engaged  in  the  mill,  fourteen 
were  instantly  killed,  one  was  mortally 
wounded,  eleven  were  more  or  less  severely 
burned,  and  only  one,  who  was  on  an  outer 
gangway,  escaped  unhurt. 

The  occurrence  was  so  unusual,  and  at 
first  sight  apparently  so  unexplainable,  that 
it  called  for  a  searching  inquiry,  in  the 
prosecution  of  which  Professor  Macquorn 
Eankine  and  I  were  requested  to  take  an 
active  part.  The  results  of  the  investigation 
proved  two  points. 

First,  that  there  was  nothing  unusual  being 
carried  on  in  the  special  mill  referred  to, 
which  would  render  the  operations  more 
likely  to  lead  to  an  explosion  than  in  other 
mills  elsewhere. 

Second,  that  fire  explosions  of  an  exactly 
similar  nature,  though  differing  in  degree, 
had  taken  place  in  other  mills  in  this 
country,  and  on  the  Continent,  though  the 
public,  and  even  scientific  men,  were  un- 
aware of  such. 


These  facts  enable  me  to  take  the  parti- 
cular case  into  the  general  question,  and  to 
discuss  the  subject  simply  in  the  light  of  an 
important  public  matter  affecting  one  of  the 
most  necessary  branches  of  technical  science. 
The  discussion  of  the  subject  will  appear 
all  the  more  necessary  when  I  mention  that, 
under  the  present  arrangements  of  flour 
mills,  there  is  nothing  to  hinder  another 
disastrous  catastrophe  happening  any  day, 
and  I  feel  it  is  a  duty  incumbent  on  me  to 
afford  every  possible  explanation  of  the 
manner  in  which  such  fire  explosions  have 
occurred  and  may  still  occur. 

The  nature  of  the  operations  carried  on 
in  flour  mills  may  be  condensed  under  three 
divisions. 

1.  The  cleansing  of  the  grain. 

2.  The  grinding  of  the  grain. 

3.  The  sifting  or  dressing  of  the  grain 
flour. 

In  small  mills  these  operations  go  on  day 
by  day,  with  a  minimum  amount  of  risk,  so 
far  as  fire  and  explosion  are  concerned. 
One  or  more  pairs  of  stones,  enclosed  in  a 
wooden  frame  work,  reduce  the  grain  to 
powder,  and  the  mixed  flour  and  bran  are 
conveyed  by  a  spout  to  a  bin,  from  which  it 
is  afterwards  taken  to  the  dressing  ma- 
chines. Some  of  the  finer  particles  escape 
into  the  atmosphere  of  the  mill  during  the 
grinding  and  dressing  processes,  but  the 
proportion  is  comparatively  small,  and,  as 
a  rule,  is  not  sufficient  in  quantity  to  lead 
to  a  fire  explosion.  At  the  worst  the  fire 
explosion  will  be  limited  to  the  pair  of  stones 
which  may  strike  fire,  and  possibly  to  the 
meal-spout  attached  thereto  ;  or  it  may  be 
localized   in  a   dressing   machine   when  a 


FLOUR    MILL    EXPLOSIONS. 


365 


light  has  been  incautiously  brought  near 
the  apparatus  when  in  full  work. 

In  a  large  mill,  on  the  other  hand,  the 
danger  of  fire  and  fire  explosions  is  much 
increased,  for  ten,  twenty,  or  thirty  pairs  of 
stones  may  be  at  work  at  one  time,  and 
each  of  these  pairs  of  stones  may  have  a 
box- pipe,  roan,  or  conduit  attached,  which 
leads  to  an  exhaust-fan,  and  the  latter, 
when  in  operation,  sucks  or  draws  all  the 
the  finer  and  lighter  flour-dust  up  into  a 
receptacle  called  an  exhaust-box. 

The  practical  results  of  this  exhaust  ar- 
rangement are,  that  the  mill  itself  is  kept 
more  free  from  flour-dust  floating  in  the  air, 
and  thus  the  men  can  work  in  a  purer 
atmosphere,  and  that  it  accumulates  all  the 
fine  and  almost  impalpable  dust  in  the  ex- 
haust-box. Generally,  the  exhaust-box  is 
connected  with  a  second  dust  receptacle, 
called  a  "  stive-room,"  where  the  fine  flour- 
dust,  which  has  not  been  deposited  in  the 
exhaust-box,  is  received.  Occasionally  the 
exhaust  is  assisted  in  carrying  away  the 
fine  dust  by  a  blast,  or  system  of  air 
blowers. 

Now  the  tendency  of  the  exhaust  system 
is  to  centralize  and  accumulate  in  the  ex- 
haust-box and  its  connecting  stive-room  all 
the  fine  impalpable  flour-dust  which  does 
not  readily  fall  by  its  own  weight  through 
the  meal  spouts  leading  from  the  grinding 
stones,  and,  consequently,  to  store  up,  for 
the  time  being,  those  portions  of  the  flour 
which  can  be  most  readily  suspended 
through  the  air,  and  form  a  dusty  atmos- 
phere. 

Simultaneously  with  the  exhaust,  there 
have  been  introduced  improved  cleansing 
machines,  including  decorticators  and  smut- 
ters,  for  the  prior  treatment  of  the  grain, 
and  improved  sifting  or  dressing  machines, 
for  the  more  thorough  separation  of  the 
different  sorts  of  flour.  All  these  improve- 
ments in  milling  have  been  carried  out 
with  the  very  praiseworthy  purpose  of  per- 
fecting the  process,  and  of  obtaining  better 
and  purer  flour ;  but  I  am  sory  to  say,  they 
have  at  the  same  time  brought  about  a 
condition  of  things  in  our  large  flour-mills 
which  may  at  any  time  lead  to  fire  explo- 
sion, as,  in  fact,  has  already  taken  place  in 
several  mills. 

The  chemistry  of  the  grain  and  flour 
may  assist  us  in  arriving  at  an  understand- 
ing regarding  these  fire  explosions.  The 
chemical  components  are  principally  starch 
and  gluten,  with  small  proportions  of  gum, 


sugar,  oil,  woody  fibre,  and  ash.  The  starch 
and  woody  fibre  are  composed  of  carbon, 
hydrogen,  and  oxygen  (C6H10O5);  so  are 
also  the  gum,  sugar,  and  oil;  and  the  gluten 
contains  these  elements  accompanied  by 
nitrogen,  sulphur,  and  phosphorus.  All 
these  proximate  constituents  are  combusti- 
ble when  burned  in  the  ordinary  way,  and 
are  consumed  with  greater  rapidity  when 
diffused  as  a  cloud  through  the  air. 

When  the  flour  is  showered  from  a 
sieve  placed  some  distance  above  a  gas 
flame,  rapid  combustion  takes  place,  in- 
deed the  flour  burns  with  explosive  ra- 
pidity, and  the  flame  licks  up  the  flour- 
shower  somewhat  in  the  same  way  that  it 
flashes  through  a  mixture  of  gas  and  air, 
or  that  it  travels  along  a  train  of  gunpow- 
der. Similarly,  the  flour  blown  into  a 
cloud  by  a  pair  of  bellows  at  once  takes 
fire,  and  burns  with  a  sudden  and  vivid 
flash.  The  smut  taken  from  the  grain 
during  cleansing,  and  the  sharps  separated 
from  the   flour,  burn  with  equal  readiness. 

Probably  the  best  way  of  showing  the 
explosive  combustibility  of  flour  particles, 
is  to  place  some  flour  in  a  box  lying  in- 
verted on  its  lid,  introduce  a  light,  and 
blow  the  flour  into  a  cloud  by  bellows, 
when  instantly  the  box  is  lifted  from  its  lid 
and  much  flame  rushes  out.  The  fine 
division  of  the  flour  has  necessarily  much 
to  do  with  the  rapid  combustion ;  and, 
indeed,  coarse  gunpowder  can  be  passed 
through  a  flame  without  burning,  while 
iron  filings  cannot  fall  through  the  same 
flame  without  being  set  fire  to. 

When  bruised,  the  flour  resolves  itself 
into  gases.  The  carbon,  by  uniting  with 
the  oxygen  of  the  air,  becomes  carbonic 
oxide  (CO)  or  carbonic  acid  (C02),  and  the 
hydrogen  and  oxygen  become  water  vapor, 
or  steam  (ELO).  The  volume  of  these 
gases  is  much  increased  by  their  high 
temperatures  at  the  moment  of  combus- 
tion. 

The  conditions  required  to  bring  about  a 
fire  explosion  are  somewhat  similar  to  those 
which  cause  a  gas  explosion.  Coal-gas  is 
combustible  and  not  explosive,  when  un- 
mixed with  air,  and  it  only  becomes  explo- 
sive when  it  is  mixed  with  sufficient  air  to 
burn  it.  This  proportion  is  obtained  in  the 
most  powerful  degree  when  one  volume  of 
gas  is  mingled  with  ten  parts  of  air.  A 
lesser  or  larger  proportion  of  air  lessens  the 
power  of  the  explosion  by  causing  the  gas 
to  burn  less  quickly,  and  consequently  with 
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less  explosive  force,  and  thus  tending  more 
to  ordinary  combustion. 

The  flour  agrees  with  the  coal-gas  in 
being  simply  combustible  when  unmixed 
with  air,  and  equally  agrees  with  coal-gas 
in  being  explosive  when  mingled  with  air 
in  the  proper  quantities.  The  fine  and  im- 
palpable flour-dust  must  be  diffused  through 
the  air  in  definite  proportions  in  order  to 
constitute  an  explosive  mixture ;  and  too 
little  or  too  much  of  either  of  the  compo- 
nents (flour  and  air)  must  lead  to  a  lessen- 
ing of  the  explosive  force,  and  to  a  more 
gradual  combustion  of  the  flour-dust  when 
such  a  mixture  is  brought  in  contact  with  a 
flame,  or  spark  at  a  white  heat. 

In  order  to  bring  about  the  explosion,  it 
is  necessary  also  that  the  flour-air  mixture 
be  confined  within  a  given  space ;  hence,  if 
the  flour  be  incased  in  a  box  with  the  lid 
fastened  down,  and  the  bellows  be  brought 
into  play  to  produce  a  cloud  while  a  light  is 
introduced,  the  box  will  be  forced  open  with 
a  loud  explosive  noise,  and  the  side  be  split 
up,  while  weights  placed  in  the  box  are 
thrown  off. 

In  fact,  an  explosion  is  brought  about 
which  resembles  in  its  effects  that  of  gun- 
powder, gun-cotton,  or  coal-gas  and  air. 
All  of  them  burn  comparatively  quietly 
when  fired  in  open  vessels  ;  it  is  only  when 
enclosed,  and  resistance  is  offered,  that  the 
noise  and  other  effects  of  a  true  explosion 
are  observed.  No  doubt  gunpowder  and 
gun-cotton  differ  materially  from  the  other 
explosive  agents,  as  both  the  gun-cotton 
and  gunpowder  contain  within  themselves 
all  the  oxygen  or  air  required  to  burn 
them,  and  thus  do  not  need  the  admixture  of 
air  so  essential  to  the  explosion  of  coal-gas 
and  flour. 

The  order  of  explosions  in  flour-mills  may 
now  be  referred  to.  The  more  common 
way  of  the  production  of  the  spark  or 
flame  which  fires  the  flour-air  explosive 
mixture  is  the  feed  going  off  the  stones 
during  work,  when  the  stones  set  down  on 
each  other,  and  as  they  are  of  a  flinty  and 
hard  silicious  rock,  and  are  revolving  at 
from  100  to  160  revolutions  in  the  minute, 
they  quickly  strike  fire  and  become  very 
hot. 

The  feed  may  go  off  for  want  of  grain  in 
the  hopper,  or  from  some  obstruction  in  the 
feed  pipe.  A  spider's  web  actually  stopped 
the  feed  in  one  case,  and  led  to  a  violent 
explosion  in  a  mill,  a  detached  stive-room 
luckily  suffering  most.    Even  when  the  feed 


is  kept  on,  a  nail  finding  its  way  into  the 
hopper  and  down  between  the  stones  in- 
stantly strikes  fire,  and  the  minute  parti- 
les  of  molten  conbustible  iron  inflame  the 
flour-air  mixture,  and  cause  an  explosion. 
This  actually  happened  in  a  Scotch  flour- 
mill. 

•  Probably  the  greatest  danger  is  when  the 
feed  is  suspended  for  a  short  time.  The 
stones  settle  down  and  strike  fire,  and  then 
the  feed  comes  on  again,  in  which  case 
much  inflammable  flour- dust  will  be  in- 
stantly produced  and  fired,  and  the  exhaust 
will  suck  in  the  flame  through  the  roans  or 
conduits  leading  into  the  exhaust-fan  and 
exhaust-box. 

In  several  flour-mill  fire  explosions,  the 
crackling  noise  of  a  running  fire  has  been 
distinctly  heard  traversing  the  "  roans,"  or 
conduits  leading  from  the  stones  to  the  ex- 
haust-fans. In  some  cases  the  explosion 
goes  no  farther,  and  may  simply  blow  open 
the  fan-box  cover,  as  in  one  case  in  Scot- 
land. If  the  flame  passes  the  fan,  however, 
it  gets  into  the  exhaust-box,  and  everything 
depends  upon  the  momentary  condition  of 
the  exhaust-box  at  the  time,  whether  the 
explosion  ends  there,  or  the  mill  itself  is 
blown  up  and  fired.  If  the  dusty  atmos- 
phere be  at  a  minimum,  the  explosion  will 
be  comparatively  feeble,  and  will  probably 
end  in  the  blowing  out  the  side  of  the  box, 
destroying  some  of  the  windows  of  the  mill, 
scorching  a  man  or  two,  and  loosening 
some  timbers  and  slates,  besides  char- 
ring all  woodwork  within  reach  of  the 
flame. 

But,  if  the  mill  is  in  full  working  order, 
and  much  dust  is  being  carried  into  the  ex- 
haust-box, causing  the  flour-air  mixture  to 
be  abundant,  then  the  explosion  will  be 
violent,  the  sides  of  the  box  will  go,  and  the 
fine  impalpable  flour  dust  lying  on  the  floor 
and  shelves  will  be  blown  into  the  atmos- 
phere of  the  mill,  when  a  second  explosion 
will  occur,  and  the  mill  itself  must  go — not 
only  on  one  floor,  but  the  explosion  of  the 
exhaust-box  will  cause  a  disarrangement  of 
all  the  air-courses,  and  the  mill  being  in 
communication  on  all  floors  by  means  of 
elevators,  hatchways,  and  other  passages, 
and  the  cleansing  and  sifting  process- 
es proceeding  at  other  parts,  there 
must  be  a  simultaneous  production  and 
firing  of  more  or  less  flour-air  mixture  in 
all  the  floors,  and  consequent  explosion.  A 
period  of  darkness,  caused  by  the  flour-dust 
being  diffused  through  the  atmosphere  of 
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the  mill,  has  been  distinctly  observed  before 
the  main  firing  of  the  mill. 

The  connection  of  the  exhaust-box  and 
the  stive-room  has  much  to  do  with  the  di- 
rection which  the  explosion  takes.  Thus,  if 
the  mode  of  communication  be  by  a  wooden 
roan  of  small  size — say  a  foot  in  diameter, 
as  in  many  mills — the  force  of  the  explo- 
sion in  the  exhaust-box  cannot  spread  itself 
in  the  direction  of  the  stive-room,  and  must 
burst  the  sides  of  the  exhaust-box,  and  force 
the  explosive  flour-dust  mixture  into  the 
mill  itself.  But  if  the  communication  is 
capacious  enough,  say  3  or  4  ft.  square, 
then  the  explosion  in  the  exhaust-box  will 
find  vent  into  the  stive-room,  and  the  latter, 
instead  of  the  mill,  will  suffer. 

In  the  case  of  one  mill,  where  the  latter 
conditions  were  carried  out,  the  walls  of  the 
stive-room  were  blown  out  and  the  building 
wrecked,  while  the  mill  itself  escaped  with 
some  charring  of  the  wood.  The  stive-room 
in  this  instance  was  outside  the  mill,  but 
the  safety  derived  from  the  comparative 
free  communication  between  the  exhaust- 
box  and  the  stive-room,  would  have  been 
entirely  negatived  if  the  stive-room  had 
been  simply  on  another  floor  of  the  mill. 

The  chemical  and  physical  results  of  the 
fire  explosion  may  now  be  considered.  An 
ordinary  size  of  exhaust-box  is  18  ft.  long, 
9  ft.  high,  and  7  ft.  wide.  The  capacity  of 
this  box  will  therefore  be  1,13-1  cubic  ft.,  of 
which  fully  a  fifth  will  consist  of  oxygen. 
The  quantity  of  coal-gas  required  to  mix 
with  this  amount  of  air,  so  as  to  form  the 
most  powerful  explosive  compound,  is  about 
113  cubic  ft,  or,  taking  the  density  of  the 
gas  at  500  (air=l,000),  less  than  4^  lbs.  of 
coal-gas.  It  is  well  known  how  disastrous 
such  an  explosion  would  be  in  its  conse- 
quences, and  yet  only  4^  lbs.  of  coal-gas 
would  take  part  in  it.  With  flour-dust, 
however,  diffused  through  the  air,  instead 
of  coal-gas,  the  proportion  of  oxygen  con- 
tained in  the  box  (about  17 J  lbs.)  would 
instantly  burn  28  lbs.  of  the  flour-dust  into 
carbonic  oxide  and  water-vapor  or  steam, 
being  fully  six  times  the  proportion  of  the 
coal-gas  which  could  be  consumed  with  the 
same  amount  of  oxygen. 

The  sudden  combustion  of  the  flour-air 
mixture  at  a  white  heat  necessarily  pro- 
duces great  increase  in  the  bulk  or  volume 
of  the  gas,  and  when  the  whole  conditions 
required  theoretically  for  the  production  of 
the  most  powerful  explosion  possible  are 
practically  realized  in  a  mill,  the  increase 


of  pressure  is  equal  to  eight  atmospheres, 
and  quite  sufficient  to  cause  the  total  de- 
struction of  any  ordinary  building. 

The  precautions  to  be  taken  in  the  future 
for  the  avoidance  of  flour-mill  fire  explo- 
sions must  necessarily  lead  to  the  removal 
of  exhaust-boxes,  stive-rooms,  smut-rooms, 
and  other  receptacles  of  flour-dust,  to  the 
outside  of  the  mill,  and  it  will  be  better  if 
they  can  be  placed  at  a  side  of  the  mill 
where  there  are  no  windows.  There 
should  be  no  direct  communication  between 
the  mill  and  these  places,  except  by  the 
comparatively  small  spout  or  roan  convey- 
ing the  dust  from  the  cleansing,  grinding, 
and  sifting  processes ;  and  it  will  be  better  if 
the  roans  be  provided  with  sliding  or 
hinged  valves,  which  would  close  at  once  if 
an  explosion  occurred  in  any  of  the  dust 
receptacles  leading  to  a  back  draught. 

The  great  sources  of  danger  are  un- 
doubtedly the  exhaust-boxes  and  stive- 
rooms,  and  these  should  be  constructed  either 
entirely  of  boarding,  so  that  the  explosion 
might  readily  find  vent  by  bursting  open 
the  planks,  or,  if  built  of  brick  or  stone, 
the  frame  work  of  the  windows  or  other 
compartments  should  be  loosely  set  in  the 
building,  so  that  they  might  readily  give 
way  when  an  explosion  occurred.  In  Scot- 
land there  are  mills  more  dangerous  in  their 
construction  than  those  in  which  accidents 
have  happened;  in  one  mill  in  particular 
which  I  might  name,  the  exhaust-box  is  on 
one  floor  of  the  stive-room  on  the  floor 
above,  both  forming  part  of  the  respective 
floors  of  the  mill,  and  only  separated  from 
other  parts  of  the  mill  by  a  wooden  parti- 
tion. If  the  necessary  train  of  combustible 
and  explosive  dust  leading  from  the  stories 
through  the  exhaust-roans  and  fan,  ex- 
haust-box and  stive-room,  be  complete 
through  the  full  working  of  the  mill,  and  a 
pair  of  stones  strike  fire  from  any  cause, 
the  mill  I  refer  to  can  hardly  be  expected 
to  escape  a  more  or  less  disastrous  explo- 
sion. 

Not  only  should  the  exhaust-box  and 
stive-room  be  outside  the  mill,  but  the 
danger  will  be  lessened  if  the  exhaust- fan 
be  also  placed  outside.  It  can  readily  be 
put  into  the  entrance  of  the  exhaust-box, 
or  in  a  corner  thereof.  Should  an  explo- 
sion then  occur  through  the  stones  striking 
fire,  it  will  be  limited  to  the  exhaust-roans, 
so  far  as  the  mill  itself  is  concerned,  and 
the  fan  will  tend  to  suck  the  flame  out  of 
the  mill.    No  one  should  enter  the  exhaust- 
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box  or  stive-room  during  the  working  of 
the  mill,  and  the  cleansing  out  of  these 
places  should  be  carried  on  when  the  stones 
are  not  grinding. 

No  naked  flame  or  light  should  be  taken 
into  any  of  the  dust  places,  and  all  gas  jets 
and  lamps  should  be  protected  with  glass 
and  wire-gauze  coverings.  Naked  flames 
often  lead  to  minor  explosions  in  flour  mills, 
such  as  the  firing  of  the  dusty  atmosphere 
in  the  dressing  machines,  and  in  some 
cases  in  the  mixing  rooms,  where  the  differ- 
ent sorts  of  flour  are  ultimately  incorpo- 
rated together. 

I  trust  that  this  paper  will  awaken  the 
proprietors  of  all  flour  mills  to  a  sense  of 
the  necessity  of  adopting  all  precautions 
and  measures  to  arrest  flour-mill  fire  explo- 
sions for  the  future.  The  plea  of  ignorance 
of  the  explosive  nature  of  the  flour-air  mix- 
ture cannot  now  be  pleaded. 

I  do  not  blame  mill-owners,  however,  for 
their  want  of  knowledge  in  the  matter  of 
the  powerful  destructive  force  capable  of 
being  excited  by  a  flour-mill  fire  explosion, 
for  even  science  had  not  uttered  a  warning 


cry ;  and  I  know  that  the  ablest  scientific 
mill-engineer  in  the  country,  when  asked 
for  his  experience  and  opinion  in  regard  to 
such  explosions,  at  once  replied  that  he 
never  knew  of  a  mill  being  blown  up  by  a 
mixture  of  flour  and  air,  and  that  he  did 
not  consider  it  likely  or  probable  that  such 
could  be  the  cause. 

Even  the  chemist  to  the  "War  Depart- 
ment was  impressed  with  the  novelty  of  a 
mill  being  blown  up  and  fired  by  flour-dust 
diffused  through  the  atmospheres  of  the 
different  floors,  and  wrote  to  me  for  the 
fullest  particulars.  And,  to  be  candid, 
when  I  entered  upon  the  inquiry  I  scarcely 
entertained  the  idea  that  a  flour-mill  could 
contain  such  elements  of  destruction  within 
its  ordinary  operations ;  and  it  was  only 
after  organizing  and  carrying  out  many  ex- 
periments, and  fully  considering  the  whole 
subject,  that  I  was  forced  to  the  conclusion, 
which  theory  as  well  as  experiment  can 
now  substantiate,  that  the  ordinary  arrange- 
ment of  a  modern  flour-mill  renders  it 
liable,  any  day,  to  explosions  of,  it  may  be, 
a  very  serious  character. 


THE  INTEKNATIONAL  PATENT  CONGKESS. 

From  "Engineering" 


The  first  International  Congress,  con- 
vened with  the  object  to  discuss  the  ques- 
tion of  patent  right  and  to  lay  down — on 
the  basis  of  the  experience  of  various 
countries,  and  the  materials  collected — fun- 
damental principles  for  an  international 
reform  of  patent  legislation,  has  finished 
its  labors.  After  five  days  of  assiduous 
deliberations,  which  were  at  times  rather 
animated,  its  business  has  been  brought  to 
a  close,  for  the  present.  If  there  was  any 
incredulity  evinced  at  the  commencement, 
notwithstanding  the  importance  of  the  sub- 
ject, as  to  the  probable  success  of  the 
meetings  of  the  Congress — and  it  must  be 
admitted  there  was  great  doubt  expressed 
in  this  respect,  and  in  the  utility  of  the 
Congress  in  general — it  was  dispelled  by 
the  proceedings,  which  have  taken  a  course 
so  satisfactory  and  successful  as  to  surpass 
the  sanguine  expectations  of  the  most 
strenuous  advocates  of  patent  right,  and  the 
assimilation  of  the  legislation  of  the  differ- 
ent civilized  States  of  the  world  in  this 
respect. 

On  Monday,  the  4th  inst.,  the  Congress 


met  for  the  first  time  in  the  Grand  Hall  of 
the  Jury  Pavilion  in  the  Exhibition  grounds. 
There  was  a  large  number  of  members 
present — men  of  science  and  practical 
ability,  engineers,  political  economists, 
members  of  the  legal  profession,  representa- 
tives of  the  higher  branches  of  industry, 
inventors  and  manufacturers — all  men  of 
high  standing  and  reputation  in  their  re- 
spective spheres  of  life,  from  various  coun- 
tries, the  learned  element  of  Germany  pre- 
dominating. There  was  but  a  small  num- 
ber of  Englishmen  present,  but  the  Ameri- 
cans from  the  United  States  mustered  very 
strong.  In  fact,  the  latter  as  a  body,  and 
some  of  their  leading  men,  such  as  Pro- 
fessor Blake',  Mr.  Hamilton  Hill,  and 
others,  have  taken  throughout  a  very  lively 
interest  and  most  active  part  in  the  matter, 
as  well  in  its  preliminary  stages  as  at  the 
public  meetings.  As  already  mentioned  in 
our  previous  report  on  this  Congress,  a 
preparatory  committee  had  been  appointed 
in  accordance  with  the  general  programme, 
whose  duty  it  was  to  prepare  the  materials 
to  be  laid  before  the  Congress,  to  elaborate 
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the  matters  of  inquiry,  and  in  general  to 
prepare  all  the  preliminary  matters  for  the 
opening  of  the  Congress.  This  preparatory 
committee  was  composed  of  gentlemen  from 
all  parts  of  Germany,  Austria,  England, 
and  the  United  States  of  America.  No 
Frenchmen,  no  Italians,  no  gentlemen,  in 
short,  of  other  nationalities,  have  taken  part 
in  the  Congress.  The  foreign  Governments 
were  represented — not  officially — by  dele- 
gates to  report  the  proceedings  to  their 
respective  Governments ;  they  were  Mr.  J. 
M.  Thacher,  Assistant  Commissioner  of 
Patents,  of  the  United  States  of  America ; 
Mr.  Thomas  Webster,  Q.  C,  of  London,  for 
England ;  Professor  Klostermann,  of  Bonn, 
for  Germany;  Professor  Baumbauer  for 
Holland ;  Mr.  Adolfott  for  Switzerland ; 
Commentatore  Codazza  for  Italy;  and  Mr. 
Eraenekel,  Railway  Director  of  Stockholm, 
for  Sweden. 

His  Excellency  Baron  von  Schwarz- 
Senborn,  as  Director-General  of  the  Vienna 
Exhibition,  opened  the  Congress  with  an 
address  of  welcome,  delivered  in  both  the 
German  and  English  languages,  expressing 
his  conviction  that  scarcely  any  other  of  the 
different  Congresses  to  be  held  in  con- 
nection with  the  Vienna  Exhibition  will  be 
of  such  an  importance  and  international 
interest  as  this  Patent  Congress,  which  was 
the  first  of  its  kind.  The  apprehension 
that  the  accumulation  of  new  inventions  in 
the  Exhibition  would  act  detrimentally 
upon  them  by  their  exposition  and  publica- 
tion, had  greatly  limited  the  number  of 
objects  of  that  kind,  which  would  otherwise 
have  been  sent  to  the  Exhibition.  But  by 
the  law  of  November  28,  1872,  a  protection 
had  been  granted  for  all  exhibited  new 
inventions  and  patents,  which,  if  applied 
for,  would  even  be  extended  for  a  longer 
time,  which  would  secure  exhibitors  against 
piracy  of  their  inventions.  The  President 
of  the  Imperial  Commission,  Archduke 
Eainer,  highly  approved  of  the  meeting  of 
the  Congress,  and  would  follow  its  delibera- 
tions with  the  greatest  interest,  and  the 
Minister  of  Commerce,  Dr.  Banhans,  had 
desired  him  to  submit  to  him  a  full  report 
of  its  proceedings. 

This  formality  over,  the  Congress  pro- 
ceeded to  the  appointment  of  its  officers, 
and  elected  by  acclamation,  on  the  proposi- 
tion of  the  preparatory  committee,  His 
Excellency  Baron  von  Schwarz-Senborn, 
honorary  president ;  Mr.  William  Siemens, 
C.E.,  London,  acting  president;  Mr.  Thomas 
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Webster,  Q.C.,  London,  Government  coun- 
cillor ;  Dr.  Eranz  Neumann,  of  Vienna,  Dr. 
Werner  Siemens,  of  Berlin,  Dr.  Engen 
Langen,  of  Cologne,  President  of  the  Society 
of  German  Engineers,  and  Mr.  Hamilton 
Hill,  of  Boston,  United  States,  vice-presi- 
dents, to  which  number  was  added,  on  the 
proposition  of  Baron  Schwarz,  Aulic  coun- 
cillor, Chevalier  von  Engerth,  of  Vienna, 
and  the  chief  of  the  Patent  Office  in  Vienna, 
Dr.  von  Eosas,  Dr.  Eatkowsky,  Vienna, 
Professor  Dr.  W.  E.  Esner,  Vienna,  Dr. 
Eosenthal,  Cologne,  Mr.  Carl  Pieper,  C.E., 
Dresden,  and  Professor  Blake,  New  York, 
and  Mr.  Kaupe,  of  St.  Petersburg,  secre- 
taries. 

The  meeting  having  adopted  the  order  of 
proceedings,  and  the  rules  to  be  observed 
during  the  debates,  the  Congress  entered 
upon  the  consideration  of  the  propositions 
prepared  by  the  preparatory  committee,  a 
summary  of  which  was  published  in  the 
last  number  of  "Engineering." 

In  place  of  Eesolution  I.,  "the  protection 
of  inventions  is  to  be  guaranteed  by  law  in 
all  civilized  countries,"  etc.,  as  proposed  by 
the  preparatory  committee,  which  was  in- 
troduced to  the  Congress  in  a  long  and 
much  applauded  speech  by  Mr.  Karl  Pieper7 
C.  E.,  Dresden,  dilating  on  the  present  state 
of  the  patent  legislations,  supported  by 
statistical  data,  in  America,  England,  etc., 
with  the  patent  legislation  of  which  countries 
that  of  Prussia  contrasted  most  unfavorably, 
as  being  the  worst  in  existence,  in  practice 
and  application,  Dr.  William  Siemens  pro- 
posed to  adopt  the  following  : 

The  International  Congress  may  please 
to  declare : 

"  Patents  of  inventions  with  obligatory 
publications  are  necessary  and  indispen- 
sable to  the  preservation  and  promotion  of 
technical  progress,  because : 

"  a.  They  offer  the  only  practicable  and 
effectual  means  of  introducing,  without  loss 
of  time,  and  in  a  satisfactory  manner,  new1 
ideas  and  improvements  to  the  general  no- 
tice of  the  public. 

"  b.  They  render  the  work  of  the  inven- 
tor remunerative,  and  thus  induce  men  of 
talent  to  devote  their  powers,  time,  and 
means  to  the  introduction  and  carrying  out 
of  new  methods  of  manufacture  and  techni- 
cal improvements,  or  attract  foreign  capital, 
which,  without  patent  protection,  would 
seek  and  find  a  safer  investment  else- 
where. 

"  e.  By  the  obligatory  and  complete  pub- 
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lication  of  the  invention  forming  the  sub- 
ject of  the  patent,  the  great  sacrifices  of 
time  and  money,  which  would  be  otherwise 
imposed  upon  the  industry  of  all  countries 
by  carrying  out  inventions,  will  be  con- 
siderably diminished. 

"  cl.  The  manufacturer's  secrecy,  which  is 
the  greatest  enemy  of  industrial  progress, 
loses  thereby  its  principal  support. 

"  e.  The  countries  which  have  no  good 
patent  laws  are  injured  greatly  in  conse- 
quence of  the  emigration  of  their  inventive 
talents  to  those  countries  in  which  their 
labor  and  their  products  are  legally  pro- 
tected." 

The  general  debate  on  this  proposition 
was  not  without  interesting  incidents.  First, 
its  mover  himself,  Dr.  Werner  Siemens,  in 
a  very  clever  speech,  explained,  in  a  precise 
manner,  the  reasons  for  maintaining  the 
system  of  patent  protection,  which  contrib- 
uted most  effectually  towards  the  speedy 
extension  and  application  of  new  inven- 
tions. It  was  this  protection  of  inventions 
which  was  the  death-blow  to  the  secrecy  of 
manufacture,  which,  through  generations, 
clogged  all  progress.  These  remarks  drew 
forth  a  declaration  from  the  minority — the 
party  opposed  to  all  patents — for  whom 
Professor  Dr.  Neumann  (Vienna)  acted  as 
spokesman.  He  stated  that  already,  ten 
years  ago,  he  had  publicly  given  utterance 
to  the  same  views,  and  he  and  his  friends, 
though  small  in  number  as  yet,  were  of 
opinion  that  the  principle  of  liberty,  i.e., 
the  principles  of  free  trade,  must  also  be 
applied  to  inventions  and  patents.  The 
latter  were  incompatible  with  the  progress 
of  our  time,  with  free  trade  ;  they  were  op- 
posed to  all  principles  of  liberty,  as  could 
be  proved  by  their  own  history,  since  they 
were  intended  as  a  compensation  for  the 
rights  formerly  possessed  by  corporate  insti- 
tutions and  guilds. 

Dr.  Collyer,  who  had  taken  his  seat  in 
the  Congress  as  the  special  delegate  of  the 
Inventors'  Institute  of  London,  complained, 
in  a  rather  unparliamentary  and  dramatic 
manner — which  was  rendered  singularly 
comical  by  the  entirely  uncalled-for  vehe- 
mence of  speech  and  gesture  by  which  that 
gentleman  introduced  himself  to  the  As- 
sembly as  the  "  enfant  terrible "  of  the 
Congress — that  the  German  should  be  the 
official  language  at  the  meetings,  though  it 
had  been  settled  in  the  original  programme 
and  the  standing  rules  that  the  members 
would  be  at  liberty  to  speak  also  in  either 


the  English,  French,  or  Italian  languages, 
and  that  all  motions,  amendments,  etc., 
would  be  communicated  to  the  meeting  in 
both  the  German  and  English  languages. 

Dr.  Collyer,  in  the  same  passionate  man- 
ner, protested  against  the  views  enunciated 
by  Dr.  Neumann,  and  advocated  the  pro- 
tection of  inventions  by  patents.  The  de- 
bate on  the  different  points  of  Dr.  Siemens' 
motion,  having  been  adjourned  on  Monday 
afternoon  till  the  following  morning,  was 
at  length  concluded  bp  the  adoption  by  74 
votes  against  6,  of  the  following  amended 
resolutions  : 

"Resolution  I. — The  protection  of  inven- 
tions is  to  be  guaranteed  by  the  laws  of  all 
civilized  nations  under  the  condition  of  a 
complete  publication  of  the  same ;  because : 

"  a.  The  sense  of  right  of  civilized  na- 
tions demands  the  legal  protection  of  intel- 
lectual work. 

"  b.  This  protection  affords  the  only  prac- 
tical and  effective  means  of  introducing  new 
technical  ideas,  without  loss  of  time,  and  in 
a  reliable  manner,  to  the  general  knowledge 
of  the  public. 

"  c.  The  protection  of  invention  renders 
the  labor  of  the  inventor  remunerative,  and 
induces  thereby  competent  men  to  devote 
time  and  means  to  the  introduction  and 
practical  application  of  new  and  useful  tech- 
nical methods  and  improvements,  or  to  at- 
tract capital  from  abroad,  which,  in  the 
absence  of  patent  protection,  will  find  means 
of  secure  investment  elsewhere. 

"  d.  By  the  obligatory  complete  publica- 
tion of  the  patented  invention,  the  great 
sacrifices  in  time  and  of  money,  which  the 
technical  application  would  otherwise  im- 
pose upon  the  industry  of  all  countries,  will 
be  considerably  lessened. 

"  e.  By  the  protection  of  invention  the 
secrecy  of  manufacture,  which  is  one  of  the 
greatest  enemies  of  industrial  progress,  will 
lose  its  chief  support. 

"f.  Great  injury  will  be  inflicted  upon 
the  countries  which  have  no  rational  patent 
laws  by  the  native  inventive  talent  emigra- 
ting to  more  congenial  countries,  where 
their  labor  is  legally  protected. 

"  g.  Experience  shows  that  the  holder  of 
a  patent  will  himself  make  the  most  effect- 
ual exertions  for  a  speedy  introduction  of 
his  invention." 

"Resolution  II. — An  effective  and  useful 
patent  must  have  the  following  principles  : 
11  a.  The  inventor  or  his  legal  heir  only 
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can  obtain  a  patent.  A  patent  cannot  be 
refused  to  a  foreigner. 

"  b.  In  order  to  carry  out  the  principle 
stated  above  (a),  the  introduction  of  the 
system  of  a  preliminary  examination  is  rec- 
ommended. 

"  c.  A  patent  for  an  invention  should  be 
granted  for  fifteen  years,  or  the  option 
should  be  to  extend  it  to  that  period. 

"  d.  The  granting  of  a  patent  must  be 
accompanied  by  a  detailed  and  complete 
publication  which  renders  the  practical  ap- 
plication of  the  invention  possible. 

"  e.  The  cost  for  the  granting  of  a  patent 
should  be  moderate,  but  in  the  interest  of 
the  inventor  an  increasing  scale  of  fees 
should  be  fixed  so  as  to  cancel  an  useless 
patent  as  soon  as  possible. 

"f.  It  should  be  easy  for  any  one  to  ob- 
tain through  a  well-organized  patent  office, 
the  specifications  of  any  patent,  as  well  as 
to  ascertain  which  patents  are  still  in  force. 

"  g.  Laws  should  be  passed  by  means  of 
which  a  patentee  may  be  compelled,  in  cases 
of  public  interest,  to  allow  the  use  of  his 
invention  for  a  suitable  remuneration  to  all 
bona  fide  applicants." 

For  the  rest,  and  especially  with  respect 
to  the  proceedings  in  the  granting  of  pat- 
ents, the  Congress  refers  to  the  English, 
American,  and  Belgian  patent  laws,  and  to 
the  proposition  made  by  the  Union  of  Ger- 
man engineers  for  a  patent  law  of  the  Ger- 
man empire. 

"Resolution  III. — In    consideration    of 
the  great    difference  between  the  existing  ' 
patent   laws,  and   in   consideration   of  the 
altered'  state  of  international   communica-  I 
tion,  the  necessity  of  reform  becomes   evi-  < 
dent,  and  it  is  to  be  strongly  recommended  ! 
that  thedifferent  Governments    should   en- 
deavor to  arrange,  as  soon  as  possible,  an  ! 
international  understanding  on  the  patent  ; 
laws. 


"The  not  executing  of  a  patent  in  a 
country  is  no  reason  for  its  becoming  void 
in  that  country,  as  long  as  the  invention 
has  been  carried  out  once,  and  the  possi- 
bility is  there  that  the  right  of  using  the 
invention  can  be  obtained  by  any  inhabi- 
tant of  this  country." 

At  the  closing  of  the  Congress  the  com- 
mittee was  constituted  as  a  permanent  ex- 
ecutive committee,  with  the  power  to  publish 
the  resolutions  adopted,  and  to  submit  them 
to  the  various  Governments.  The  commit- 
tee is  also  authorized  to  choose  members, 
and  to  prepare  and  convoke  in  a  suitable 
manner  a  second  Congress. 

On  Saturday,  the  9th  of  August,  the 
president  and  members  of  the  Council  of  the 
Patent  Congress,  were  introduced  by  Baron 
Schwarz  to  the  two  ministers  in  the  Aus- 
trian Empire,  to  the  department  of  which 
the  resolutions  of  the  Congress  belong,  and 
by  which  they  have  to  be  sanctioned  before 
any  practical  results  could  be  expected 
from  the  meeting  of  the  first  Patent  Con- 
gress. 

The  committee  was  at  first  received  by 
Dr.  Banhans,  the  president  of  the  Board 
of  Trade,  and  afterwards  by  Count  An- 
drassy,  Minister  for  Foreign  Affairs.  Both 
Dr.  Banhans  and  Count  Andrassy  received 
the  deputation  in  the  most  courteous  man- 
ner, and  expressed  the  great  interest  they 
took  in  the  question  brought  under  their 
consideration  by  the  Congress,  and  promis- 
ing to  take  the  resolutions  adopted  into  full 
consideration.  Count  Andrassy  promised 
to  use  his  influence  that  Austria  should 
take  the  initiative  for  an  international  con- 
ference on  the  discussion  and  adaptation  of 
a  general  patent.  During  the  interview 
Mr.  Q.  C,  of  London,  and  Mr.  Thacher,  of 
the  American  Patent  Office,  explained  to 
Count  Andrassy  the  working  of  the  English 
and  American  patent  laws. 


ERIE  RAILWAY  SPECIFICATIONS  FOR  IRON  BRIDGES. 


From  "The  Railroad  Gazette." 


The  Erie  Eailway  Company  has  recently 
invited  proposals  for  the  construction  of  a 
large  number  of  iron  bridges.  The  follow- 
ing are  the  specifications  : 

LOADS. 

Bridges  are  to  be  proportioned  for  the 


following  weights,  in  addition  to  the  weight 
of  iron  in  the  trusses  and  iron  floor 
beams: 

For  a  floor  weighing  400  lbs.  to  the 
lineal  foot  for  each  track. 

For  a  moving  load  varying  from  1,500 
to  3,500  lbs.  for  each  lineal  foot  of  truss,  ac- 
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cording  to  the  following  table,  these  weights 
being  by  the  foot  of  each  truss  and  not  of 
each  track. 
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Strain  sheets  are  to  be  furnished  for  the 

examination  of  the  Engineer  of  the  Erie 

Bailway  Compar 

Ly- 

BOILER-PIATE    GIRDERS. 

Boiler-plate  girders  will  generally  be 
used  for  spans  of  50  ft.  and  under.  The 
iron  in  the  lower  rib  shall  not  be  strained 
to  exceed  10,000  lbs.  to  the  square  inch  of 
section,  after  a  full  allowance  shall  have 
been  made  for  rivet  holes.  The  iron  in  the 
upper  rib  shall  not  be  strained  in  compres- 
sion more  than  7,500  lbs.  to  the  square 
inch  of  section.  Three-quarter  inch  rivets 
shall  be  used  with  a  6  in.  pitch.  The  web 
plates  shall  be  from  ^  to  ±  in.  thick,  ac- 
cording to  the  following  table  : 
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There  shall  be  vertical  stiffeners  of  T  iron 
on  each  side  not  more  than  4  ft.  apart, 
which  shall  be  bent  over  and  riveted  to  the 
top  and  bottom  rib  plates.  Deck  bridges 
shall  have  lateral  bracing  both  above  and 


below,  and  shall  have  diagonal  vibration 
ties  at  least  every  10  ft.  Through  bridges- 
shall  have  lateral  braces  at  the  bottom,  and 
be  stiffened  by  knee  braces  and  gusset 
plates  not  more  than  10  ft.  apart,  which 
shall  attach  to  the  [girders  at  the  vertical 
stiffeners. 

In  single-track  deck  bridges,  two  girders 
will  be  used,  placed  8  ft.  between  centres. 
In  double- track  deck  bridges,  two  girders 
will  be  used,  placed  16  ft.  between  centres, 
or  three  girders  placed  10  ft.  between 
centres. 

In  single-track  through  bridges,  two 
girders,  and  in  double-track  through 
bridges,  three  girders  will  be  used.  If  not 
more  than  3  ft.  6  in.  deep,  the  girders  shall 
be  placed  13  ft.  between  centres,  if  more 
than  3  ft.  6  in.  deep,  13  ft.  apart  in  the 
clear. 

The  timber  floor  will  rest  upon  the  top  of 
the  girders  in  deck  bridges,  and  on  the 
inside  of  the  lower  rib  plates  of  through 
bridges  unless  otherwise  specially  directed. 

TRESS    BRIDGES. 

Eor  spans  of  over  50  ft.,  truss  bridges 
will  be  used.  Unless  otherwise  specified, 
the  form  of  truss  shall  be  selected  by  the 
builder;  but  to  secure  uniformity  in  ap- 
pearance and  character,  it  is  desired  that 
all  through  trusses  be  built  with  inclined 
end  posts,  and  a  preference  will  be  had  for 
bridges  built  with  pin  connections. 

In  single-track  through  bridges  and  in 
double-track  through  bridges  with  three 
trusses,  the  trusses  shall  be  placed  15  ft. 
apart  in  the  clear,  and  in  double-track 
through  bridges  with  two  trusses  they  shall 
be  placed  28  ft.  apart  in  the  clear.  There 
shall  be  a  clear  head  room  of  19  ft.  above 
the  rails.  In  single-track  deck  bridges  the 
trusses  shall  be  placed  12  ft.  between 
centres,  in  double-track  two-truss  deck 
bridges  16  ft.  or  more  between  centres,  and 
in  double-track  three-truss  bridges  10  ft. 
between  centres. 

Pony  trusses  shall  be  stayed  by  wind 
braces  at  every  floor  beam,  these  braces 
extending  at  least  to  the  middle  of  the 
posts. 

All  tensile  members  shall  be  of  double- 
rolled  refined  wrought  iron  of  soft,  fibrous 
texture,  with  an  ultimate  strength  of  55,000 
to  60,000  lbs.  per  square  inch,  which  shall 
not  take  a  permanent  set  under  a  strain  of 
less  than  23,000  lbs.  per  square  inch,  and 
shall  elongate  at  least  ten  per  cent,  before 
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breaking.  Each,  bar  containing  a  weld 
shall  be  tested  to  a  strain  of  20,000  lbs.  per 
square  inch,  and  the  perfection  of  the  weld 
established  by  striking  the  bar  while  under 
strain  or  by  carefully  measuring  its  elonga- 
tion. If  upset  bars  are  used,  the  method 
of  their  manufacture  must  be  approved  by 
the  Chief  Engineer  of  the  Erie  Railway 
Company.  No  tensile  member  shall  be 
subjected  to  a  strain  exceeding  10,000  lbs. 
to  the  square  inch  under  the  assumed 
maximum  load. 

Eloor  suspenders  carrying  but  a  single 
panel  length  of  12  ft.  or  less  shall  have  a  sec- 
tion of  4  sq.  in.  in  each  truss  of  single-track 
bridges,  and  in  the  outside  trusses  of 
three-truss  double-track  bridges ;  and  a 
section  of  7  in.  in  the  middle  truss  of  three- 
truss  double-track  bridges,  and  in  each 
truss  of  two-truss  double-track  bridges ; 
for  panels  more  than  12  ft.  long  the  section 
shall  be  proportionately  increased. 

Compression  members  shall  be  of 
wrought  iron ;  when  the  least  dimension  is 
not  less  than  one -twelfth  the  length  of  the 
member,  the  iron  may  be  subjected  to  a 
strain  not  exceeding  8,000  lbs.  per  square 
inch  of  section ;  when  the  least  dimension 
is  less  than  one-twelfth  the  length  of  the 
member,  the  strength  of  the  member  shall 
be  determined  by  Gordon's  formula,  and 
it  shall  be  proportioned  with  a  factor  of 
safety  of  5. 

Pins  shall  be  of  wrought  iron,  and  shall 
be  turned  to  fit  the  pin-holes  within  -^  of 
an  inch.  The  section  of  the  pin  shall  be 
such  that  the  shearing  strain  on  such  sec- 
tion shall  not  exceed  6,000  lbs.  per  square 
inch,  and  the  diameter  of  the  pin  shall  not 
be  less  than  two-thirds  the  largest  dimen- 
sion of  any  tension  member  attaching  to  it. 
The  several  members  attaching  to  the  pin 
shall  be  packed  close  together,  all  vacant 
spaces  being  filled  with  washers.  The 
lower  chord  shall  be  packed  as  narrow  as 
possible,  and  the  several  parts  must  be  so 
arranged  as  to  produce  no  appreciable 
bending  strain  upon  the  pin.  The  effective 
length  of  the  pin  shall  not  be  greater  than 
the  breadth  of  the  foot  of  the  post  plus  four 
times  the  diameter  of  the  pin. 

Special  pains  shall  always  be  taken  in 
drilling  the  pin  holes,  both  in  accuracy  of 
fit  and  in  exactness  of  length  ;  and  if  the 
difference  of  length  is  such  in  several  bars 
which  are  to  be  placed  side  by  side,  that 
when  they  are  piled  on  each  other,  all  being 
of  the  same  temperature,  both  the  pins  will 


not  pass  through  their  holes  at  the  same 
time  without  driving,  the  set  shall  be  re- 
jected. The  full  sections  of  all  members, 
whether  in  trusses  or  laterals,  shall  be  kept 
up  at  the  connections.  The  enlarged  end 
of  the  eye  bars  shall  have  a  connection 
outside  of  the  pin  hole  one-fifth  greater  than 
the  body  of  the  bar. 

The  lateral  braces  shall,  whenever  practi- 
cable, be  attached  to  the  chords  in  such 
manner  that  the  axis  of  each  lateral  strut 
shall  coincide  with  the  axes  of  the  pins. 
The  dimensions  of  the  lateral  rods  shall  be 
equivalent  to  the  following : 


Upper  laterals 

in 

deck  bridges, 

lower  laterals 

in 

through 

bridges. 


50  ft.  and  under 1  in.  round  in. 

Over  50   and  not   over 

100  ft l%in.  round  in. 

Over  100  and  not  over 

150  ft 

Over  150  ft 


Lower  lateral 
deck  and 

upper  laterals 

in 

through 

bridges. 


V&  in.  round. 


1  in.  round. 


1%  in.  round  in.  \%  in 
l%m.  round  in.  |lK in 


round, 
round. 


The  lateral  struts  shall  have  a  section  of 
equivalent  strength.  In  double-track  two- 
truss  through  bridges,  each  top  lateral  rod 
shall  reach  across  two  panels  passing 
through  a  strut  at  the  middle  of  the  bridge, 
and  a  stiffening  strut  running  along  the 
axis  of  the  bridge  shall  connect  the  centres 
of  the  several  lateral  struts.  Deck  bridges 
shall  have  diagonal  wind  ties,  of  the  same 
dimensions  as  the  bottom  lateral  ties  in 
single-track  bridges,  and  as  the  top  lateral 
ties  in  double-track  bridges. 

No  wrought  iron  shall  be  used  less  than 
three-eighths  inch  thick,  except  in  places 
where  both  sides  are  always  accessible  for 
cleaning  and  painting. 

Cast  iron  may  be  used  in  bed  plates, 
pedestals  and  washers,  but  never  in  any 
position  where  it  is  liable  to  receive  a  trans- 
verse or  tensile  strain.  It  shall  be  the  best 
quality  of  soft  gray  iron. 


In  deck  bridges  the  floor  will  be  formed 
of  timber  floor  beams  12  to  15  in.  deep  and 
18  in.  between  centres,  on  which  the  rails 
shall  be  laid ;  these  beams  shall  rest  di- 
rectly upon  the  upper  chords,  which  shall 
be   proportioned  to  carry  a  load  of  5,000 
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lbs.  to  the  foot  for  each  track  between  the 
points  of  support,  in  addition  to  the  com- 
pressive strain  to  which  they  are  otherwise 
subjected.  In  double-track  two-truss  deck  j 
bridges  each  timber  floor  beam  shall  be 
bolted  to  each  truss  with  a  bolt  of  1  in. 
round  iron. 

In  single-track  through  bridges  a  longi- 
tudinal iron  floor  beam  shall  be  placed  in 
the  centre  of  each  chord,  each  beam  pro- 
portioned for  a  moving  load  of  2,500  lbs. 
per  running  foot.  These  longitudinal  floor 
beams  will  carry  timber  floor  beams  8  in. 
by  15  in.,  placed  2  ft.  between  centres,  on 
which  the  rails  are  laid. 

In  double-track  two-truss  through  bridges 
there  shall  be  a  transverse  iron  floor  beam 
suspended  to  the  pin  at  each  post  by  sus- 
penders each  having  a  section  of  7  in.  for 
panels  of  a  length  of  12  ft.  or  less ;  for 
longer  panels  the  section  of  the  suspender 
shall  be  proportionably  enlarged.  Three 
longitudinal  floor  beams  of  iron,  placed  13  j 
ft.  between  centres,  shall  connect  the  trans- 1 
verse  floor  beams,  being  rigidly  attached  to 
them,  on  which  shall  be  laid  timber  floor 
beams  12  in.  deep  to  carry  the  track ;  the 
top  of  the  longitudinal  floor  beams  shall 
not  be    more  than  11  in.  below  the  top  of 


the  transverse  iron  beams,  and  they  shall 
be  kept  as  low  as  possible  without  project- 
ing below  the  transverse  beams.  The  out- 
side longitudinals  shall  be  proportioned  for 
a  rolling  load  of  2,500  lbs.  per  foot,  and  the 
inside  beam  for  a  rolling  load  of  4,500  lbs. 
per  foot,  and  the  transverse  beams  for  the 
results  of  these  weights  at  the  three  points 
of  application ;  factor  of  safety  6.  The 
parallelograms  formed  by  the  iron  floor 
beams  shall  be  braced  by  diagonal  ties  of 
the  sizes  given  in  the  table  of  lateral  rods, 
and  this  shall  be  the  only  lateral  bracing  of 
the  bottom  chords. 

BEARINGS,    ETC. 

All  trusses  shall  rest  upon  cast-iron  bed 
plates  placed  upon  the  masonry,  and  shall 
have  sets  of  rollers  under  one  end. 

In  through  bridges,  knee  braces  of 
wrought-iron  shall  connect  the  end  posts 
with  the  end  lateral  struts.  The  portals  at 
the  end  of  each  bridge  shall  be  finished 
with  an  ornamental  casting,  the  pattern  for 
which  shall  be  furnished  by  the  Erie  Rail- 
way Company,  though  the  contractor  will 
be  required  to  make  such  alterations  as  are 
necessary  to  fit  the  pattern  to  the  details  of 
the  bridge. 


HYDKAULIC  GUNNEKY. 


From  "The  Engineer. 


Sir  W.  Armstrong  has  recently  fitted  a 
gunboat  for  the  Dutch  Government  with 
hydraulic  machinery  for  working  the  single 
heavy  cannon  which  the  little  craft  mounts. 
It  appears  that  Major  MoncriefT  schemed 
an  arrangement  by  which  the  gun  when 
fired  would  by  its  recoil  compress  air  by 
the  aid  of  water  in  a  cylinder  ;  and  the  air 
so  compressed  was  intended  to  act  as  a 
motive  power  to  assist  in  raising  the  gun 
to  the  proper  position  for  firing.  This 
scheme  is  said  to  have  failed;  and  the 
mechanism  used  by  Sir  Win.  Armstrong 
depends  for  its  efficiency  on  the  working  of 
an  acumulator,  the  recoil  of  the  gun  not 
being  utilized  in  any  way.  The  publica- 
tion of  these  facts  has  called  attention  to 
the  working  of  guns  by  hydraulic  power ; 
and  there  are  many  points  of  interest  con- 
nected with  the  subject  which  deserve  notice. 

There  are  three  distinct  ways  in  which 
water  or  some  other  liquid,  such  as  oil,  can 
be  used  in  working   heavy  ordnance.     In 


the  first  place  we  have  the  hydraulic  com- 
pressor. The  gun  in  recoiling  actuates  a 
piston  moving  in  a  cylinder  partially  filled 
with  water  or  oil.  The  liquid  can  only 
escape  from  one  side  of  the  piston  to  the 
other  through  a  small  orifice,  and  the  whole 
force  of  the  recoil  is  expended  in  forcing 
the  water  or  oil  through  this  orifice,  and  in 
generating  heat  in  the  liquid  compressed, 
and  in  the  air  which  must  always  be 
present  in  the  cylinder.  If  the  cylinder 
were  quite  full  of  water,  the  gun  would 
practically  have  no  recoil,  because  of  the 
inelasticity  and  inertia  of  the  water ;  the 
air  in  the  upper  part  of  the  cylinder,  how- 
ever, acts  as  an  excellent  spring.  The  pis- 
ton is  driven  back  by  the  force  of  the 
recoil,  and  the  air  is  compressed.  It  ex- 
pands again  after  the  recoil  is  over,  driving 
the  water  through  the  orifice  in  the  piston. 
This  arrangement  works,  on  the  whole, 
moderately  well,  but  it  cannot  be  looked 
upon  as    a  perfectly  satisfactory  arrange- 
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ment  for  taking  up  recoil.  A  second 
method  of  using  hydraulic  power  in  work- 
ing guns  is  that  which  has  been  practically- 
brought  to  perfection  by  Mr.  Holman,  a 
member  of  the  firm  of  Tangye  and  Co.  In 
another  page  we  have  illustrated  this 
arrangement  as  applied  to  the  35-ton  guns 
of  the  Devastation.  The  water  is  used  in 
small  jacks,  and  by  their  aid  the  gun  can 
be  raised  and  lowered  in  its  carriage ;  but 
the  fluid  in  this  way  takes  no  active  part  in 
the  working  of  the  gun,  that  is  to  say,  in 
the  operations  of  loading,  firing,  arid  train- 
ing it.  The  third  method,  of  calling  in  the 
aid  of  hydraulic  power,  finds  one  illustra- 
tion in  the  designs  of  Sir  W.  Armstrong 
and  Co.,  as  carried  out  in  the  Hydra,  and 
as  this  is  the  most  important  way  of  using 
water  or  oil  in  connection  with  artillery,  it 
is  to  this  that  we  shall  at  present  devote 
our  attention. 

The  work  to  be  done  on  a  gun  may  be 
classed  under  three  heads.  It  has  to  be 
run  out  and  fired,  and  then  run  in  and 
loaded  ;  secondly,  it  has  to  be  trained  round 
in  a  portion  of  the  arc  of  a  circle ;  thirdly, 
the  gun  may  be  caused  to  rise  and  fall  in  a 
pit  or  behind  a  screen.  The  first  operation 
we  have  named  is  generally  effected  by 
utilizing  a  portion  of  the  force  of  the  recoil 
by  making  the  gun  on  running  in  ascend  a 
moderately  steep  inclined  plane.  When 
loaded  the  compressors — really  brakes — are 
taken  off,  and  the  gun  will  then  nearly  run 
out  by  its  own  weight ;  it  will  certainly  run 
out  by  the  application  of  a  very  moderate 
force  assisting  it  to  move.  The  inclined 
slide,  therefore,  represents  one  mode  o*f 
utilizing  recoil.  The  use  of  hydraulic 
power  in  training  a  gun  has  hardly  yet 
been  effected,  although  it  is  obvious  that 
water-pressure  engines  can  be  employed  to 
rotate  a  turret,  or  that  a  curved  ram  work- 
ing in  a  curved  cylinder  might  be  easily 
applied  to  move  the  trail  end  of  a  gun- 
carriage  right  or  left  on  the  racers.  All 
such  applications  of  hydraulic  power  ap- 
pear to  be  likely  to  prove  eminently  useful 
when  we  have  to  deal  with  very  heavy 
guns.  But  it  is  in  carrying  out  the  schemes 
of  inventors  who  now  seek  to  effect  the 
bodily  rise  and  fall  of  the  gun,  that  hydrau- 
lic power  will  prove  most  useful.  Nine 
years  have  elapsed  now  since  Major  Mon- 
crieff  first  proposed  that  a  heavy  gun  in 
recoiling  should  at  the  same  time  descend 
into  a  pit,  where  those  working  the  weapon 
would    be    comparatively     safe    from    a,n 


enemy's  fire ;  and  he  has  worked  at  this 
idea  with  varying  fortune  and  much  per- 
sistency. As  to  the  final  result  at  which 
he  has  arrived,  opinions  differ.  Many  in- 
telligent and  experienced  artillerists  pro- 
nounce the  Moncrieff  system  a  complete 
success,  others  award  it  moderate  praise, 
and  not  a  few  assert  that  although  the 
idea  is  good  it  has  not  yet  been  reduced 
successfully  to  practice  ;  and  these  gentle- 
men apparently  have  some  foundation  for 
their  statements,  as,  although  there  are 
large  numbers  of  Moncrieff  pits  in  exist- 
ence, we  cannot  call  to  mind  at  this 
moment  the  name  of  any  important  battery 
in  which  a  non-experimental  Moncrieff  gun 
carriage  is  fitted  complete.  Two  points 
present  themselves  for  discussion  in  con- 
sidering the  merits  of  the  system.  Firstly, 
are  the  mechanical  appliances  for  working 
guns  in  pits  satisfactory  ?  Secondly,  is  the 
principle  satisfactory  in  itself?  On  the 
first  point  we  shall  add  nothing  to  what  we 
have  already  said.  On  the  second,  opinions 
vary,  some  officers  asserting  that  by  the 
aid  of  rifled  mortars  Moncrieff  pits  would  be 
rendered  shambles,  and  we  confess  that  we 
are  rather  disposed  to  agree  with  those 
gentlemen.  At  the  battle  of  Woerth  about 
700  men  were  killed  in  one  large  French 
rifle  pit  or  trench  in  the  course  of  a  few 
hours'  fighting,  and  nearly  all  these  men 
were  killed  by  Prussian  shells.  The  Mon- 
crieff system,  it  may  be  well  here  to  ex- 
plain, consists,  not  in  placing  guns  in  pits, 
from  which  they  are  to  be  lifted  in  order  to 
be  fired,  by  hydraulic  or  any  other  power, 
but  in  storing  up  the  work  done  by  the  re- 
coil of  the  gun  for  future  service  in  lifting 
the  gun  up  ;  the  use  of  guns  in  pits  may  be 
taken  as  an  accident  of  the  system — it  is 
not  essential  to  Major  Moncrieff's  invention. 
But  Major  Moncrieff  works  with  a  balance- 
weight,  and  this  has  nothing  to  do  with 
hydraulic  gunnery ;  therefore,  were  it  not 
that  the  inventor  has  proposed  to  use 
compressed  air  and  water  in  lieu  of  a 
balance-weight,  a  reference  to  his  system 
would  hardly  be  needed  at  all  in  this 
article.  It  is  well  that  the  true  nature  of 
the  Moncrieff  system  should  be  understood. 
If  it  be  not,  many  inventors  will  come  for- 
ward and  claim  as  theirs  what  is  not 
theirs.  For  example,  there  is  nothing 
novel  in  proposing  to  use  water  power  for 
raising  and  lowering  guns  behind  a  para- 
pet, or  in  or  out  of  a  pit ;  but  Major 
Moncrieff  invented  a  new  thing  when  he 
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proposed  to  store  up  the  recoil  of  a  gun  for 
this  purpose.  There  is  reason  to  think, 
from  the  results  of  Sir  William  Armstrong 
&  Company's  experience,  that  there  are 
better  ways  of  applying  hydraulic  mechan- 
ism— rat  all  events  to  the  raising  and  lower- 
ing of  guns — than  any  which  depend  on 
the  recoil  as  a  motive  power. 

A  very  ingenious  method  of  working 
heavy  guns  by  hydraulic  power  was  pro- 
posed about  nine  years  ago  by  a  Mr.  Walker, 
of  the  City-road.  Each  gun  was  to  be 
mounted  on  a  species  of  turn-table  carried 
on  the  upper  end  of  a  hydraulic  ram.  Two 
ram  cylinders  being  put  in  communication 
by  a  suitable  pipe,  it  is  obvious  that  one  gun 
would  balance  the  other.  A  very  small 
steam  pump,  by  transferring  the  water  from 
one  cylinder  to  the  other,  would  cause  one 
gun  to  descend  after  being  fired,  and  the 
other  to  ascend  to  be  fired.  The  loading 
would  take  place  behind  a  suitable  breast- 
work, either  in  a  land  fortification  or  on 
board  a  ship.  Much  the  same  idea  was 
patented  about  the  same  time  by  Mr. 
Winans  in  the  United  States.  The  use  of 
a  water  balance  in  this  way  presents  many 
excellent  points,  provided  it  be  admitted 
that  it  is  a  good  thing  to  fire  guns  over 
breastworks  or  out  of  pits,  and  this  involves 
questions  on  which  we  prefer  to  reserve  an 
expression  of  opinion  excepting  as  regards 
gunboats,  and  for  gunboats  we  have  no 
hesitation  in  saying  that  nothing  better 
than  a  rising  and  a  falling  gnn  can  be  de- 
sired. It  is  questionable,  however,  whether 
the  use  of  an  accumulator  in  the  ordinary 
sense  of  the  word  is  desirable,  or  whether 
the  use  of  a  pumping  engine  is  necessary. 
In  the  boilers  of  gunboats  steam  having  a 
pressure  of  60  lbs.  to  the  square  inch  is 
available  ;  and  there  does  not  appear  to  be 
any  good  reason  why  the  pressure  of  steam 
should  not  be  used  direct  to  supply  all  the 
power  required  to  work,  say,  a  10-ton  gun. 
Taking  the  gross  weight  of  such  a  weapon 
with  its  carriage,  etc.,  at  15  tons — which  is 
over  the  mark — and  suppressing  altogether 
the  utilization  of  the  recoil,  we  find  that  a 
ram  with  an  area  of  560,  or  say  600  sq.  in., 
will,  with  a  pressure  of  60  lbs.  on  the  sq.  in., 
suffice  to  lift  the  gun  with  ease  and  rapidity ; 
in  other  words,  a  ram,  or  probably  a  piston, 
would  be  more  convenient — a  little  over 
2  ft.  in  diameter  would  suffice.  The  pres- 
sure would  be  obtained  by  admitting  steam 
above  the  surface  of  water  in  a  vessel 
answering  to  an  accumulator.     When  the 


steam  was  suffered  to  escape,  the  water 
would  return  to  the  vessel  and  the  gun 
would  descend.  Such  an  arrangement 
would  at  once  get  rid  of  much  complicated 
mechanism.  Of  course,  if  what  remained 
were  damaged  by  shot,  the  gun  might  be 
rendered  liors  de  combat /  but  this  is  a  de- 
fect common  to  all  schemes  for  raising  and 
lowering  guns  and  firing  them  over  breast- 
works. The  officer  in  command  is  always 
liable  to  see  his  gun,  in  other  respects  quite 
serviceable,  lying  safely  stowed  away  at  the 
bottom  of  a  pit  from  which  he  has  no  means 
of  lifting  it  up. 


REPORTS  OF  ENGINEERS'  SOCIETIES. 

The  Iron  and  Steel  Institute  of  Great 
Britain  convened  at  Liege  on  the  18th  of 
August. 

Among  the  papers  presented  were :  The  rise 
and  progress  of  the  Iron  and  Steel  Industries  in 
Belgium,  by  Julien  Derby,  C.  E. 

The  rationale  of  the  combustion  of  gases  con- 
sidered in  relation  to  an  increased  supply  of  heat, 
by  Chas.  Boutney. 

On  Buttgenbach's  system  of  Blast  Furnaces,  by 
Franz  Buttgenbach. 

The  economical  preparation  of  Iron  for  the 
Danks  Puddling  furnace,  by  Chas.  "Wood. 

On  "Winding  Machinery,  by  Wm.  Kamp. 

On  improvements  in  the  construction  of  metal- 
ways,  by  M.  Soignie. 

American  Society  of  Civil  Engineers. — 
At  a  regular  meeting  of  the  Society  held 
July  2d,  1873,  was  presented  the  following  : 

As  set  forth  in  the  Constitution,  two  of  the 
objects  of  the  American  Society  of  Civil  Engineers 
are :  the  professional  improvement  of  its  members, 
and  the  advancement  of  engineering  in  all  its 
branches. 

Among  the  means  whereby  these  objects  are  to 
be  secured,  are :  the  collection  and  dissemination 
of  current  professional  knowledge,  and  the  foun- 
dation of  a  library  and  museum. 

The  professional  improvement  of  members  com- 
prehends the  collection  and  distribution  among 
them,  of  all  experimental  knowledge  relating  to 
their  profession,  both  of  the  past,  finished  and  re- 
corded, and  of  the  present,  incomplete  and  un- 
written .  This  includes  the  discussion  of  theory, 
the  results  of  practice,  the  accounts  of  success  and 
failure,  the  teachings  of  experiment,  and  the  exam- 
ination of  data ;  and  thus  will  largely  promote 
the  advancement  of  engineering  in  all  its  bran- 
ches. 

At  best  the  purpose  of  the  Society  will  be  but 
partially  effected  by  the  collection  and  dissemina- 
tion of  current  professional  knowledge,  unless  the 
same  is  also  securely  preserved ;  this  involves  the 
foundation  of  a  library  and  museum. 

The  library  of  the  American  Society  of  Civil 
Engineers  should  contain  all  that  has  been  pub- 
lished relating  to  the  history  and  prosecution  of 
engineering,  maps  and  profiles  of  every  canal  and 
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railroad,  their  complete  reports,  those  of  the 
several  Municipal,  State  and  Federal  departments, 
and  select  published  matter  referring  to  other  and 
miscellaneous  works,  public  and  private.  It  should 
also  contain  standard  works  of  reference  in  science 
and  art,  and  indeed  lack  nothing  of  a  library  by 
the  student  or  accomplished  engineer  seeking  pro- 
fessional knowledge.  The  museum  should  be  an 
adjunct  of  the  library,  and  illustrate  in  matter 
much  that  is  there  described  in  words  ;  efficiently 
r  epresenting  by  models  and  samples,  the  propor- 
tions, form  and  physical  characteristics  of  the 
agents  of  engineering  effort. 

Much  professional  knowledge  is  recorded  in 
the  several  technical  journals  of  the  day,  and  this 
is  almost  inaccessible  to  the  busy  members  of  a 
profession  which  allows  but  little  time  or  oppor- 
tunity for  exhaustive  reading.  Complete  treatises 
are  published  from  time  tc  time,  upon  theoretical 
or  practical  subjects,  full  of  matter  valuable  to 
engineers  who  are  unable  to  possess  or  peruse  them. 
These,  as  issued,  should  form  a  part  of  the  library 
of  this  Society,  and  be  made  available  to  members. 

The  advantages  of  such  a  library  should  be 
placed  at  the  command  of  all  connected  therewith, 
wherever  they  may  happen  to  reside,  so  that,  on 
request,  complete  examinations  upon  specified 
topics  could  be  made,  pertinent  extracts  copied, 
and  proper  references  given  ;  therefore — 

"Whereas,  the  foundation  of  a  library  and  mu- 
seum, which  contains  within  itself  all  accessible 
published  matter  relating  to  the  history,  theory 
and  practice  of  engineering,  the  construction  and 
management  of  public  improvements,  and  the  meth- 
ods and '  cost  of  manufacturing  operations,  with 
illustrations,  by  models  and  samples,  of  the  results 
thereby  obtained,  must  be  invaluable,  not  only  to 
the  profession,  but  to  all  who  are  interested  in  the 
pursuit  or  the  application  of  practical  knowledge. 

Resolved,  That  a  Committee,  consisting  of  the 
President  and  nine  other  members  to  be  named  by 
him,  with  power  to  fill  vacancies,  be  appointed  to 
devise  a  plan  whereby  such  a  library  and  museum 
may  be  founded  ;  the  funds  obtained  for  its  collec- 
tion, management,  increase  and  maintenance,  a 
suitable  place  secured,  where  it  and  other  posses- 
sions of  the  Society  may  be  preserved,  and  its  ad- 
vantages enjoyed  by  members  and  others  connect- 
ed therewith,  irrespective  of  their  location;  the 
Committee  to  report  to  this  Society  before  October 
1st,  next ;  the  report  to  be  printed  and  distributed 
to  members  for  examination  and  approval,  and  ac- 
tion thereon  made  a  special  order  for  the  annual 
meeting,  to  be  held  November  5th,  1873*^-  " 

The  resolutions  were  adopted. 

A  CABLE  dispatch  announces  that  the  British 
Iron  and  Steel  Institute,  at  its  meeting  in 
Liege,  resolved  to  hold  its  next  annual  meeting  in 
this  country,  and  selected  Philadelphia  as  the 
place.  This  is  the  answer  of  tbe  most  important 
body  of  Englishmen  interested  in  the  great  pro- 
blems of  the  iron  trade,  to  the  invitation  of  our 
Institute  of  Mining  Engineers.  The  fact  is  matter 
for  no  small  congratulation.  England  contains 
more  men  in  whom  iron  workers  the  world  over 
are  interested  than  all  the  other  countries,  and  a 
year  from  now  we  shall  see  Philadelphia  filled 
with  men  curious  to  see,  and  anxious  to  speak 
with,  those  whom  we  all  acknowledge  to  be  mas- 
ters in  our  calling.    Pity  that  we  cannot  persuade 


Tunner,  Gruner,  Ackerman,  Buttgenbach,  Funck 
and  the  other  studious  and  experienced  metallur- 
gists of  the  Continent  to  pay  us  a  visit  at  the 
same  time.  Though  they  come  here  to  study  us, 
we  can  make  their  visit  something  more  than  a 
social  meeting.  The  literature  of  the  profession  is 
almost  altogether  in  their  hands,  and  we  shall  find 
a  more  personal  interest  and  a  greater  confidence 
in  it  when  we  have  seen  its  authors  face  to  face. 


IliON  AXD  steel  notes. 

Origin  op  the  Puddling  Process. — Davy  in- 
vestigated the  nature  of  the  flame,  and  com- 
municated his  discoveries  in  a  lecture  before  a 
large  audience.  He  demonstrated  that  it  was 
within  our  power  to  produce  a  flame  which,  at  a 
state  of  extreme  heat,  contained  either  free  oxygen 
or  unburnt  carbon  ;  that  a  large  grate  with  a  lim- 
ited supply  of  coal  would  generate  the  former, 
the  oxidizing  flame,  while  a  small  grate  with  a 
larger  amount  of  coal  would  yield  the  other,  the 
flame  devoid  of  oxygen,  but  in  which  combustible 
substances  might  be  melted  without  the  danger  of 
combustion.  Among  the  hearers  sat  a  young 
man  by  the  name  of  Cort,  who  directed  his  mind 
to  these  remarks.  Up  to  that  time  cast  iron  was 
converted  into  wrought  iron  by  heating  it  with 
charcoal  and  exposing  the  melted  metal  to  a  blast 
of  air.  By  this  process  only  small  quantities  of 
wrought  iron  were  obtained  at  a  time,  through  the 
necessity  of  producing  but  one  bloom  in  a  heat, 
which  might  easily  be  hammered  out ;  and  also  on 
account  of  the  cost  of  charcoal.  In  this  process, 
mineral  coal  could  not  be  placed  in  contact  with 
the  iron,  because  the  never-failing  presence  of 
sulphur  in  that  kind  of  coal  would  render  the  iron 
unfit  for  use.  From  Davy's  lecture  on  the  flame, 
Cort  struck  upon  the  idea  of  decarbonizing  cast 
iron  without  exposing  it  to  the  danger  of  the  con- 
tact with  coal,  by  allowing  the  flames  only  of  the 
coal  to  play  upon  the  cast  iron.  Thus  originated 
that  wonderful  operation  called  the  puddling  pro- 
cess.— Alohr. 

CHICAGO  is  now  manufacturing  railroad  iron  at 
a  rate  of  80,000  tons  per  year.  This  branch 
of  industry  will  undoubtedly  become  one  of  the 
most  important  interests  of  that  city. 

"YTew  Jersey  iron  is  now  used  by  an  extensive 
1\  company  in  making  sewing  machines,  instead 
of  the  British  product  known  as  Low  Moor  iron, 
which  it  previously  employed. 

Bessemer  Steel.— An  Experiment  in  Troy. 
— In  February,  1872,  at  the  instance  of  Mr. 
Holley,  and  under  the  direction  of  Dr.  Adolph 
Schmidt,  the  Messrs.  Oris  wold  very  liberally  gave 
my  plan  for  the  substitution  of  a  cheaper  material 
for  spiegeleisen  a  fair  trial.  This  method  was  the 
use  of  silicon  instead  of  manganese,  for  the  pur- 
pose of  reducing  the  oxides  formed  in  the  last 
stage  of  the  American  and  English  processes  of 
''  overblowing."  The  idea  was  based  upon  the 
greater  affinity  of  silicon  for  oxygen  than  iron  for 
that  element,  and  as  affinity  is  so  dependent  upon 
temperature,  actual  experiment  was  necessary  to 
determine  its  value.  The  following  were  among 
the  results  obtained  in  the  two-ton  converter  : 
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Charge,  1899 ;  recarburized  with  5.3  per  cent, 
spiegel  and  franklinite  and  1.3  per  cent.  Pough- 
keepsie  iron — 0.0.    Grade  III| ;  ingots  rolled  well. 

Charge,  1913 ;  recarburized  with  2.6  per  cent. 
Poughkeepsie  iron  and  4.0  per  cent,  spiegel  and 
franklinite — 0.0.  Grade  III| ;  ingots  rolled  pretty- 
well. 

Charge,  1925 ;  recarburized  with  4.0  per  cent. 
Poughkeepsie  iron,  1.3  per  cent,  spiegel,  and  1.3 
per  cent,  franklinite — 0.0.  Grade  III;  ingots 
cracked  in  rolling. 

Charge,  1905 ;  recarburized  with  2.0  per  cent. 
Durham  iron,  2.0  per  cent,  spiegel,  and  2.0  per 
cent,  franklinite — 0.0.  Grade  Illi  ;  ingots  rolled 
well. 

Poughkeepsie  iron  is  an  anthracite  iron  used  at 
that  time  in  small  quantities  with  Cumberland 
iron  in  the  charge  for  steel.  It  contained  con- 
siderable silicon.  Durham  iron  was  made  from  the 
pure  and  highly  silicious  magnetic  ore  of  Cooper 
&  Hewett,  at  their  furnace  in  Durham,  Pa.  The 
minimum  of  silicon  which  they  have  been  enabled 
to  obtain  by  basic  changes  and  comparatively  cold 
blast,  was  5.3U  per  cent.  Unfortunately  there 
were  no  analyses  made  of  the  cracking  ingots,  to 
determine  the  cause  of  their  red  shortness,  wheth- 
er due  to  silicon  or  unreduced  oxides.  As  in 
the  presence  of  manganese,  silicon  would  doubtless 
be  inert,  it  is  important  to  know  the  minimum 
amount  of  manganese,  and  hence  of  spiegeleisen, 
to  perform  the  work  of  reduction.  As  steel  would 
bear  less  of  silicon  than  of  manganese,  it  would  be 
more  difficult  to  adjust  the  necessary  amount  to 
recarburize  than  of  spiegeleisen.  The  grade  marks 
are  in  accordance  with  Dr.  Schmidt's  forge  test 
classification,  based  upon  the  hardness  and  angle 
of  fracture  of  an  annealed  and  tempered  piece  of 
the  steel,  square  and  about  ^  sq.  in.  section.  Grade 
III  corresponds  to  about  £  to  0.3  per  cent,  of  car- 
bon, and  is  preferred  by  the  railway  companies. 
Will  spiegeleisen  always  be  available,  and  if  not, 
are  we  to  recur  to  the  Continental  method  of  fixed 
converters  and  under  blowing,  or,  are  we  to  find  a 
substitute  ? — American  Manufacturer. 


RAILWAY  NOTES. 

DYNAMOMETER  USED  ON  THE  PHILADELPHIA 
&  Reading  Railroad. — We  give  this  week 
a  lithograph  of  a  dynamometer  used  on  the  Read- 
ing Railroad.  The  spring  is  made  in  four  sec- 
tions with  five  spring  plates  in  each.  The  spring 
plates  are  made  of  §  in.  steel,  24  in.  long  by  4  in. 
wide  in  the  centre  and  1|  in.  at  the  ends,  and  are 
kept  separated  by  distance  pieces  to  avoid  friction. 
In  graduating  the  instrument  only  one  section  at 
a  time  is  put  in  place,  and  weights  of  1,000  lbs. 
each  are  applied.  The  deflection  is  then  noted  un- 
til it  is  loaded  with  10,000  lbs.  The  instrument 
is  very  simple,  and  more  delicate  and  reliable  than 
any  other  form  which  we  have  thus  far  seen. — 
Railroad  Gazette. 

I)  ail  way  Earnings  for  May. — A  summary  of 
I  the  earnings  by  the  more  important  of  our 
railways  for  the  past  month  as  compared  with  the 
same  period  last  year,  shows  a  net  increase  of 
$055,980,  although  on  six  of  the  railways  taken 
into  the  account  there  has  been  a  falling  off, — in 


all  of  $130,510.  Still  the  large  gains  of  many 
companies  under  circumstances  which  hardly  war- 
ranted the  expectation,  renders  the  outlook  highly 
encouraging.  Twenty  of  our  principal  railways 
show  the  following  gross  earning  for  May,  both 
years : 


1873. 

1872. 

Atlantic  &  Great  Western 

$428,524 

$435,534 

Atlantic  &  Pacific 

112,275 

80,759 

Bur.,  Cedar  Rap.  &  Minn. 

82,682 

66,725 

Chicago  &  Alton 

426,315 

440,457 

Chicago  &  Northwestern. 

1,237,083 

1,074,779 

Cleve.,  Col.,  Cin.  &  Ind. . 

394,485 

378,493 

Erie 

1,754,421 

1,729,218 

Illinois  Central .... 

554,935 

636,378 

Ind.,  Bloom.  &  Western  . 

133,758 

125,287 

Kansas  Pacific 

332,763 

334,285 

Lake  Shore  &  Mich.  Sou. . 

1,680,968 

1,474,467 

Marietta  &  Cincinnati  .  . 

185,683 

160,818 

Milwaukee  &  St.  Paul. . . . 

805,799 

580,432 

Ohio  &  Mississippi 

310,785 

283,371 

Pacific  &  Missouri    

301,521 

269,959 

St.  Louis,  Alton  &  T.  H. . 

118,422 

109,422 

Do.         do.        branches 

45.878 

38,030 

St.  Louis,  Kan.  City  &  No. 

57,847 

59,010 

St.  Louis  &  Southeastern. 

64,480 

Toledo,  Wab.  &  Western. 

489,557 

510,792 

Total 

$9,508,581 
655,980 

89,788,121 

Net  increase  1873 

The  Central  Pacific's  statement  has  not  been 
received,  but  the  gains  are  undoubtedly  well 
maintained,  as  heretofore.  The  total  earnings 
since  January  1st  show  a  handsome  advance  over 
the  same  period  the  previous  year.  The  earnings 
of  nineteen  railways  (St.  Louis  &  Southeastern  ex- 
cepted) for  the  past  five  months  amounted  to  $42,- 
309,153,  against  $38,148,019,  showing  a  gain  of 
$3,745,838.— Chicago  Railway  Review. 

The  Northern  Pacific. — General  Rosser,  the 
engineer  in  charge  of  the  surveys,  has  sub- 
mitted his  official  report  to  the  Company.  He 
finds  the  new  and  final  route  across  Western  Da- 
kota, from  the  Missouri  to  the  Yellowstone  river, 
entirely  practicable  and  satisfactory,  it  being 
greatly  superior  to  those  of  former  surveys.  The 
distance,  205  miles,  is  21  miles  shorter  than  the 
survey  of  1871.  The  grades  are  moderate.  The 
average  of  work  per  mile  is  considerably  less,  and 
the  number  of  important  bridges  is  reduced  nearly 
two-thirds.  The  Little  Missouri  river,  which 
former  surveys  crossed  seven  and  eleven  times,  is 
crossed  once.  On  the  line  so  located  the  route 
runs  immediately  through  only  one  mile  of  bad 
clay  lands,  just  east  of  the  Little  Missouri.  With 
few  exceptions  the  country  is  a  rolling  prairie, 
sometimes  rising  into  low  hills,  the  grass  being 
excellent  and  the  soil  good.  Good  water  was  found 
the  entire  distance.  Coal  outcrops  at  various 
points  in  veins  several  feet  in  thickness,  and  tim- 
ber is  more  abundant  than  on  former  routes .  The 
report  states  that  the  main  body  of  General  Stan- 
ley's expedition,  and  most  of  the  press  correspond- 
ents, accompanied  the  scientific  corps,  and  did 
not  accompany  the  engineers.     The  former  were 
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escorted  by  General  Custer's  detachment,  and  fol- 
lowed the  old,  abandoned  route  south  of  Heart 
River;  hence  descriptions  of  the  region  traversed 
by  the  main  command  do  not  apply  to  the  coun- 
try traversed  by  the  new  route  nor  the  railroad. 

The  Directors  of  the  Company  have  accepted  the 
new  line  recommended  by  General  Rosser,  from 
Bismarck,  the  present  end  of  the  track,  to  the 
Yellowstone  crossing.  The  Company  advertises  for 
sealed  proposals  for  grading  and  bridging  the  line 
from  Bismarck  to  the  Yellowstone  river,  205  miles. 
Proposals  will  be  received  for  the  whole  distance 
or  for  sections  of  about  25  miles  each.  Informa- 
tion as  to  the  line,  etc.,  can  be  obtained  at  the 
office  of  W.  Milnor  Roberts,  Chief  Engineer,  No. 
23  Fifth  avenue,  New  York,  or  from  General  T. 
L.  Rosser,  Division  Engineer,  at  Minneapolis, 
Minn.  Proposals  will  be  received  at  the  office  of 
the  Chief  Engineer,  up  to  September  10. 

The  expedition  is  now  prosecuting  its  survey 
westward  up  the  left  bank  of  the  Yellowstone  to 
Pompey's  Pillar,  where  it  will  join  the  survey 
made  last  year  from  the  west,  and  thus  complete 
the  surveyed  line  across  the  continent.  The  en- 
tire command  is  expected  to  return  to  Fort  Rice 
about  October  1st. — American  Manufacturer. 

Eecord  of  New  Railroad  Construction. — 
The  "  Railroad  Gazette  "  of  Sept.  6th  has 
information  of  the  laying  of  track  on  new  rail- 
roads as  follows : 

Springfield,  Athol  &  Northeastern. — Extended 
from  Barrett's  southwestward  10  miles  to  Indian 
Orchard,  Mass.  Selma,  Marion  &  Memphis. — Ex- 
tended from  Greensboro'  west  8  miles  to  Sawyer's, 
Ala.  Southern  Pacific. — The  Hollister  Branch  has 
been  extended  from  Hollister  southward  6  miles 
to  Tres  Pinos,  Cal.  Ware  River. — Extended  from 
Barre  Plains,  Mass.,  northward  9  miles.  Cleve- 
land, Mount  Vernon  &  Delaware. — Completed  by 
the  extension  from  Sunbury  southwestward  22 
miles  to  Columbus,  Ohio.  Cairo  &  Fulton. — Ex- 
tended from  Little  Missouri  River  southwest  33 
miles  to  Fulton,  Ark.  Pennsylvania.—  New  York 
Division. — The  line  in  Jersey  City  to  Harsimus 
Cove,  1^  miles,  is  completed.  Atlanta  &  Rich- 
mond Air  Line .  — Completed  by  the  laying  of  track 
for  69  miles  from  a  point  86  miles  northeast  of 
Atlanta,  Ga.,  east  by  north  to  the  Saluda  River, 
S.  C. 

This  is  a  total  of  158 £  miles  of  new  railroad, 
making  the  mileage  completed  in  the  United 
States  in  1873,  2,284  miles. 

Eastern  op  France  Railway. — The  Eastern 
of  France  Railway  Company  owned  at  the 
close  of  last  year  905  locomotives,  796  tenders, 
2,386  passenger  carriages,  22,036  goods  trucks  and 
wagons  of  various  kinds.  The  company  is  now 
constructing  6  locomotives,  5  passenger  cariages, 
and  30  good  trucks,  which  will  be  delivered  in 
the  course  of  1872.  These  orders  have  been  given 
out  with  a  view  to  the  replacement  of  material  de- 
stroyed during  the  Franco-German  war.  The 
company  has  sold  for  £8000  to  the  Turkey  in 
Europe  Railway  Company  its  "  Imperial  train ;" 
this  step  was  decided  on  as  the  maintenance  of 
the  State  carriages  involved  considerable  expense. 
It  will  be  remembered  that  this  "  Imperial  train  " 
conveyed  Napoleon   HI.  and  his   chief  officers  to 


the  scene  of  war  in  August,  1870.  The  Eastern 
of  France  Railway  Company  has  for  some  time 
past  completed  the  last  section  of  the  Rheims  and 
Metz  Railway,  viz.,  that  from  Verdun  to  Metz. 
Difficulties  have,  however,  arisen  in  regard  to  the 
ballasting  the  new  line,  the  old  supplies  of  ballast 
being  exhausted.  Sand  is  being  dredged  out  of 
the  Meuse  and  applied  to  ballasting  purposes. 

Dio  Preto  (Brazil)  Railway. — The  statutes 
J\  of  the  Rio  Preto  Railway  Company  have  been 
approved  by  the  Brazilian  Government.  The 
company  proposes  to  construct  a  narrow  gauge 
line  from  Barra  do  Pirahy  to  Rio  Preto,  by  way 
of  Ipiabao  and  Conservatorio.  The  cost  of  the  line 
is  estimated  at  2,000,000  milreis. 
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The  New  Pesth  Bridge. — The  works  of  the 
new  bridge  across  the  Danube  at  Pesth  have 
been  commenced,  and  are  now  being  actively 
pushed  forward.  It  will  be  remembered  that  this 
work  was  awarded  to  Messrs.Ernest  Gouin  and  Co.r 
of  Paris,  on  the  occasion  of  the  International  com- 
petition. 

The  Danube  at  the  site  of  the  bridge  is  divided 
into  two  channels,  separated  by  a  small  island 
called  LTle  Marguerite.  The  bridge  will  establish 
comunication  between  the  two  sides  of  the  river 
and  this  island.  The  design  shown  is  divided  into 
five  spans,  of  which  two  are  on  the  smaller  branch, 
and  three  on  the  greater. 

The  span  of  the  arches  are,  approximately,  278 
ft.  for  the  two  land  spans,  305  ft.  for  the  openings 
across  the  main  branch,  and  321  ft.  for  the  main 
span  of  the  smaller  arm.  The  bridge  has  a  width 
of  49  ft.,  of  which  31  ft.  is  devoted  to  the  carriage- 
way, and  9  ft.  to  each  of  the  foot-paths.  The 
arches  spring  at  a  height  of  32  ft.  above  water  level 
on  the  piers,  and  25  ft.  above  that  level  on  the 
abutments.  The  foundations  of  piers  and  abut- 
ments are  in  masonry ;  they  are  to  be  executed 
with  iron  caissons,  sunk  by  compressed  air  to  the 
level  of  the  blue  clay.  The  average  depth  of  the 
foundations  in  the  clay  will  be  3  ft.,  giving  them 
a  total  depth  of  32  ft.  The  ends  of  the  pier  cais- 
sons wiil  be  semicircular,  and  the  pier  abutment 
on  the  island,  as  well  as  those  of  Buda  and  Pesth, 
will  form  a  parallelogram  in  plan.  The  river  piers 
are  in  masonry  ;  from  the  foundation  level  to  the 
springing  of  the  arches  they  are  rectangular  in 
plan,  terminating  at  each  end  in  curved  cutwaters, 
and  enriched  with  mouldings  towards  the  high- 
water  level. 

Above  springings  the  piers  are  rectangular  up 
to  the  road  level ;  a  stone  parapet  surmounts  the 
cornice,  which  is  carried  on  carved  cantilevers. 
The  general  decorations  are  clearly  shown  in  the 
drawings. 

All  parts  exposed  to  the  action  of  the  water  are 
in  granite.  The  central  pier  is  of  the  form  shown 
in  the  drawings,  a  form  rendered  necessary  by  the 
local  conditions  of  the  site. 

The  superstructure  is  composed  of  iron  arches, 
carrying  the  roadway,  which  is  to  be  paved  with 
wood ;  these  arches  are  cellular  in  section  with 
double  vertical  sides;  to  obtain  greater  stiffness 
they  are  connected   transversely   by   a   complete 
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system  of  cross  bracing.  The  longitudinal  girders 
are  also  cellular,  of  a  similar  form  of  construction 
to  the  arches.  The  spandrels  are  filled  by  cross 
bars,  intersected  by  vertical  standards  transmitting 
the  strain  from  the  longitudinal  girders  to  the 
arches ;  the  vertical  faces  of  the  spandrels  are  filled 
in  with  ornamental  castings. 

The  arches  spring  from  cast-iron  foundation 
plates  resting  on  the  piers,  and  of  sufficient  size  to 
distribute  the  weight  over  the  area  of  the  pier. 
These  plates  are  of  course  furnished  with  skew- 
backs  upon  which  the  ends  of  the  arched  girders 
abut. 

Considerable  alterations  will  be  made  in  carry- 
ing out  the  design  ;  the  projected  line  of  works  for 
improving  the  course  of  the  Danube  has  been 
modified  in  such  a  manner  that  the  island  will  be 
in  the  middle  of  the  river,  so  that  the  bridge,  the 
total  length  of  which  has  been  increased,  would  be 
composed  of  two  equal  lengths,  one  across  each 
arm  of  the  stream,  and  divided  each  into  other 
spans,  of  an  average  opening  of  262  ft.  each.  The 
length  of  the  bridge  has  been  increased  by  55  ft. 
The  direction  of  the  works  is  intrusted  to  M. 
Hainssellin,  the  Engineer,  well  known  from  the 
great  works  he  has  executed  in  Russia  and  in 
France.  The  ironwork  is  being  made  at  the 
establishment  of  Messrs.  Gouin,  Batignolles,  Paris. 
— Engineering. 

"VTfw  Deep-Water  Harbor  at  Boulogne. 
JLi  — There  is  at  last  a  prospect  that  a  deep- 
water  harbor  will  be  constructed  at  the  other 
side  of  the  Channel,  and  this  would  at  once  solve 
most  of  the  difficulties  connected  with  efficient 
Continental  communication.  A  company  has  been 
formed,  known  as  the  Boulogne  Harbor  Com- 
pany, to  carry  out  the  designs  of  M.  Legros,  a 
French  engineer,  and  Mr.  Liddell,  engineer  of  the 
South-Eastern  Railway.  The  new  harbor  will 
consist  of  two  stone  piers  running  out  from  the 
shore  at  Chatillon  to  the  south-west  of  the  present 
harbor  of  Boulogne.  The  eastern  pier,  which  will 
be  984  yards  long  from  the  present  line  of  low- 
water  mark,  will  run  in  a  north-west  direction 
from  just  beyond  the  house  of  M.  Huguet,  present 
Mayor  of  Boulogne,  a  castellated  building  with  a 
tower  to  the  west  of  Capecure  pier,  which  is 
familiar  to  all  travellers  who  use  the  Boulogne 
route  ;  the  second,  or  western  pier,  will  start  from 
a  point  765  yards  further  west,  this  pier  will  be 
1,694  yards  long ;  for  a  distance  of  1,000  metres  it 
will  run  north-west,  after  that  it  will  gradually 
assume  a  course  north  by  west,  thus  completely 
sheltering  and  overlooking  the  eastern  jetty ;  the 
space  between  the  two  piers  for  a  distance  of  383 
yards  will  be  filled  up  to  a  level  of  the  piers,  and 
form  a  space  for  the  construction  of  warehouses. 
The  east  jetty,  for  two-thirds  of  its  length,  will 
have  a  width  of  40  metres,  and  for  the  remaining 
third  it  will  have  a  width  of  80  metres,  with  a 
double  line  of  rails  running  its  entire  length.  At 
the  end  the  east  jetty  will  have  a  stone  head  or 
jetty,  running  crosswise,  extending  80  metres 
west  and  120  metres  east.  These  horns  will  form 
a  shelter  for  the  steamers,  which  may  land  or 
embark  passengers  on  either  side  of  this  pier,  ac- 
cording to  the  wind,  in  perfectly  calm  water. 
One  thousend  metres  along  the  west  jetty,  and  in 
a  line  with  the  head  of  the  east  jetty,  a  jetty  or 
horn,  200  metres  long,  will  run  in  an  easterly  di- 


rection towards  the  west  horn  of  the  east  jetty  ; 
the  space  between  these  two  horns,  100  metres, 
will  form  the  entrance  to  the  new  harbor,  which 
will  have  a  depth  varying  from  10  to  29  ft.  at  low 
water,  but  which,  by  dredging,  will  be  increased 
to  not  less  than  18  ft.  in  its  shallowest  part.  The 
head  of  the  west  jetty  will  have  a  depth  of  60  ft. 
around  it.  The  jetties  will  be  of  solid  stone  part 
of  their  length,  and  on  open  arches  the  rest  of 
their  extent ;  this  construction  being  much  in 
favor  with  French  engineers,  who  maintain  that 
by  allowing  free  passage  to  the  currents  all  silting 
up  by  sand  is  avoided.  This  harbor  will  be  cap- 
able of  receiving  the  largest  and  swiftest  steamers 
which  can  be  built,  whether  on  the  Bessemer  or 
any  other  principle ;  it  will  also  form  a  harbor  of 
refuge,  for  want  of  which  several  vessels  are  annu- 
ally lost  on  this  coast,  more  especially  at  low 
water,  when  distressed  vessels  are  unable  to  get 
into  the  present  small  harbors,  oftentimes  diffi- 
cult of  access  even  at  high  water.  It  will  require 
five  years  to  construct  this  harbor,  but  the  engi- 
neers hope  that  three  years  will  suffice  to  advance 
the  works  sufficiently  for  large  steamers  to  com- 
mence running. 


The  Sierra  Madre  Tunnel. — The  commence- 
ment of  this  entenprise  has  created  less  noise 
than  one  would  expect  from  such  a  huge  under- 
taking. Yet,  if  it  should  be  only  partially  suc- 
cessful, not  reaching  the  other  side  of  the  range 
for  years  to  come,  the  tunnel  promises  to  become 
of  the  greatest  value  in  the  development  of  the 
Gilpin  County  gold  veins. 

The  mouth  of  the  "  great  bore  "  has  been  located 
about  two  miles  below  Black  Hawk,  on  the  north 
branch  of  Clear  Creek,  some  7,000  ft.  above  the  sea, 
1,800  ft.  above  the  plains,  and  nearly  1,200  below 
the  level  of  Central  City.  Its  course  is  a  few  de- 
grees north  of  west,  or  in  a  direction  that  would 
intersect  the  Gregory,  Fisk,  Hunter  and  other 
lodes,  15  deg.  to  20  deg.  from  a  perpendicular. 
The  Bobtail,  Mammoth,  Winnebago,  and  other 
lodes  of  that  system  would  be  cut  at  a  very  acute 
angle. 

From  the  mouth  of  the  tunnel  to  the  Bobtail 
lode,  in  a  direct  line,  is  11,000  ft.,  and  from  that 
point  on  to  the  Gregory,  about  800  more .  The 
course  being  about  30  deg.  north  of  west,  it  will 
run  under  Central  City,  almost  directly  beneath 
Eureka  street,  and  passing  a  short  distance  up  that 
gulch,  cut  into  Gunnell  Hill,  and  pass  through  it 
into  the  main  range. 

The  Bobtail  is  the  first  known  lode  of  any  pro- 
minence that  will  be  intersected.  This,  as  has 
been  said,  is  11,000  ft.  from  the  mouth,  and.  will  be 
struck  about  l,30l)  ft.  from  the  surface.  From 
this  point  on,  the  great  bore  will  strike  the  Greg- 
ory, Bates  or  Hunter,  Gunnell,  Prize  and  Winne- 
bago, in  the  order  named.  The  three  latter  lodes 
are  about  16,000  ft.  from  the  mouth,  and  will  be 
opened  nearly  2,000  ft.  from  their  surface  out- 
croppings.  Beyond  these,  if  the  tunnel  ever 
reaches  so  far,  it  is  not  improbable  that  other  valu- 
able and  large  veins  will  be  met  with.  The  main 
divide  between  Central  City  and  Middle  Park  is 
from  11,000  to  12,000  ft.  high,  in  places  rising  to 
nearly  14,000  ft.  In  passing  through  this,  the 
tunnel  will  reach  its  greatest  depth,  viz.,  from 
5,<-00  to  7,000  it.— Mining  Renew. 
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ORDXAXCE  AXD  NAYAL. 

The  400  lbs.  Shell  op  the  Hercules. — 
There  may  now  be  seen  at  the  South  Ken- 
sington Museum,  a  full  size  model  of  a  10  in.  400 
lbs.  common  shell,  similar  to  the  one  which  recently- 
disabled  the  18-ton  gun  of  the  Hercules,  but 
strengthened  with  five  iron  ribs  instead  of  being 
weakened  with  fourteen  stud  holes,  each  $,  in. 
deep  and  1\  in.  wide.  To  obviate  "the  oblique 
movement  of  the  axis,"  which  checks  the  exit  of 
the  shell,  dislodges  the  fuse  composition  and  causes 
premature  explosions,  the  model  of  the  Hercules 
400  lbs.  shell  has  had  substituted  a  total  rotating 
bearing  of  115  in.  on  strengthening  ribs  for  the  6 
in.  on  weakening  studs  now  relied  upon.  The 
grooves  in  the  gun,  to  receive  these  five  iron  ribs, 
would  only  be  about  one  half  the  depth,  and  one 
half  the  width  of  those  in  the  Hercules  18-ton 
guns,  and  would  necessitate  the  removal  of  only 
14£  lbs.  of  metal  from  the  bore,  instead  of  61£  lbs. 
as  at  present.  This  system  of  long  centring 
ribbed  bearings  gave  higher  velocities  and  better 
endurance  than  the  present  service  short  stud 
bearings  when  tried  against  them  in  the  heavy 
gun  competition  of  1865.  On  that  occasion  the 
so-called  "Woodwich  rifling,  with  increasing  spiral, 
destroyed  its  7-in.  7^-ton  gun  in  567  rounds,  whilst 
the  ribbed  rifling  left  the  lands  and  groves  unim- 
paired after  417  rounds.  Moreover  the  100  lbs. 
ribbed  shot,  though  precisely  similar  in  all  respects, 
except  the  rifling,  to  the  "Woolwich  one,  struck  a 
muzzle  blow  138  foot  tons  heavier  than  the  latter; 
and  was  thrown  at  2  deg.  of  elevation  to  1,473 
yards  with  5  lbs.  less  powder  charge  than  the 
"Woolwich  one  took  to  reach  the  same  distance. 
Thus  without  any  change,  except  in  the  rifling,  a 
stronger  shell  is  provided,  with  the  effort  of  rota- 
tion diffused  over  nearly  twenty  times  the  surface ; 
and  a  stronger  gun  is  obtained  with  less  strain 
upon  it.  The  striking  force,  the  powder  capacity, 
and  the  endurance  of  the  projectiles  of  the  Hercules 
would  thus  be  greatly  increased;  whilst  the 
Royal  Arsenal  authorities  have  certified  that  the 
strong  ribbed  shell  would  cost  £77  per  thousand 
less  than  the  weak  studded  ones,  and  the  rifling  of 
the  gun  be  done  at  one-fifth  less  cost.  As  our 
heavy  guns  are  occasionally  injured  by  their  own 
projectiles,  even  when  firing  deliberately  at  a  target, 
a  reconsideration  of  the  mechanical  principles  in- 
volved may  not  be  ill-timed  or  unnecessary. — En- 
ginering. 

A  New  French  Cruiser. — A  new  vessel  has 
just  been  commenced  in  the  yard  of  the 
Seigne  Var,  on  plans  approved  by  the  Council  of 
the  Admiralty,  and  ordered  to  be  constructed  by 
the  Minister  of  Marine.  The  vessel  is  to  be  called 
the  Tourville ;  it  is  to  be  100  metres  long  and  15 
metres  wide.  Its  engines  are  calculated  to  devel- 
op a  power  of  7,000  horses,  and  to  produce  an 
average  speed  of  18  knots  an  hour.  The  hull  is 
constructed  of  iron  and  teak  of  unusual  solidity, 
and  divided  into  water-tight  compartments,  de- 
scribed as  being  so  happily  planned  as  to  render 
submersion  impossible. 

ANOTHER  18-TON  GrUN  DISABLED. —  By  the 
premature  bursting  of  a  400  lbs.  common 
shell  in  the  chase  of  an  18-ton  gun  at  Shoebury- 
ness,  on  the  18th  inst.,  the  inner  steel  tube  was 


cracked  in  three  piaces  at  the  muzzle.  The  gun 
had  to  be  dismounted  and  returned  to  the  Royal 
Arsenal  for  repair .  The  fuse  composition  is  sup- 
posed to  have  been  dislodged  by  the  action  of  the 
front  studs  in  coming  into  bearing  12  in.  from  the 
muzzle.  As  tlus  accident  does  not  occur  in  the 
2  5 -ton  guns,  which  have  a  sharper  spiral,  the  sup- 
position is  that  the  reduction  of  the  latter  shell, 
one  calibre  in  length,  has  contributed  to  their 
more  perfect  rotation,  and  to  the  safety  of  those 
guns,  but  at  the  cost  of  great  loss  of  shell  power,, 
the  common  shell  of  the  18-ton  gun  being  more 
formidable  than  that  of  the  11-in.  25-ton  or  the 
35-ton  gun. 
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A  Treatise  on  Steam  Boilers,  their 
Strength,  Construction,  and'  Economi- 
cal "Working-.  By  Robert  Wdlson.  London : 
Lockwood  &  Co.  1873.  For  sale  by  Van  Nostrand. 
The  author  of  this  little  manual  was  at  one 
time  inspector  to  the  Manchester  Steam  Users 
Association ;  and  as  such  his  experience  was  ac- 
quired in  no  limited  field.  He  has  brought  with 
him  to  his  task  other  qualifications  quite  as  es- 
sential as  experience — namely,  common  sense,  and 
the  power  of  expressing  his  opinions  and  imparting 
to  others  in  simple,  grammatical,  well-chosen 
language,  the  information  which  he  himself  pos- 
sesses. The  work  is,  in  its  way,  the  best  treatise 
that  has  ever  been  published  on  steam  boilers. 
The  author  has  very  prudently  confined  his  atten- 
tion to  certain  principles  of  construction,  and  he 
has  added  to  his  exposition  of  these  principles 
statements  of  fact  gathered  from  his  own  ex- 
perience, and  instructions  as  to  the  best  mode  of 
carrying  out  certain  details.  In  his  preface  the 
author  says  :  "  This  book  does  not  pretend  to  give 
any  new  facts  or  opinions  upon  the  subjects  of 
which  it  treats.  Any  claim  to  attention  it  may 
exert  is  based  upon  its  being  an  attempt  to  em- 
body the  principles  of  boiler  construction  and 
management,  together  with  numerous  opinions 
collected  from  the  writer's  experience  in  boiler  in- 
specting, and  from  various  sources  not  accessible 
to  the  majority  of  those  engaged  or  otherwise 
interested  in  the  application  of  steam.  Many  of  the 
opinions  advanced,  which  are  founded  on  ex- 
perience, may  require  repeated  modification  with 
increased,  opportunities  of  observation,  and  as  new 
light  is  brought  to  bear  on  the  various  questions 
by  further  experiments."  These  words  show 
pretty  clearly  what  is  the  scope  and  purport  of  the 
book.— The  Engineer. 

Introductory  Text-Book  of  G-eology.  By 
David  Page,  LL.  D.,  etc.  New  Edition,  en- 
larged. (London  and  Edinburgh :  "W.  Blackwood 
&  Sons.     1873.)     Eor  sale  by  Van  Nostrand. 

"  The  study  of  the  structure  of  the  earth,"  said 
Dr.  James  Hutton,  nearly  a  century  ago,  "  must 
tend  to  enlarge  the  mind  of  man,  in  seeing  what 
is  past,  and  foreseeing  what  must  come  to  pass  in 
the  economy  of  nature ;  and  here  is  a  subject  in 
which  we  find  an  extensive  field  for  investigation, 
and  for  pleasant  satisfaction."  In  this  charming 
science,  combined  with  a  sufficient  knowledge  of 
chemistry,  is  the  true  groundwork  of  a  mining 
engineers  practical  education ;  and  in   an  educa- 
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tional  point  of  view  there  is  no  branch  of  human 
culture  so  truly  catholic  (in  the  old  and  true  sense 
of  that  unhappy  word)  as  geology.  Nor  is  he  a 
true  geologist,  who  has  not  mastered  many  fields 
in  the  physical  and  natural  sciences.  The  distin- 
guished Professor  of  Geology  in  the  Science  Col- 
lege, at  Newcastle,  has  for  many  years  been  the 
foremost  compiler  of  text-books  in  this  favorite 
field.  This  little  volume  is  well  known,  and  we 
mean  merely  to  announce  its  existence  ;  the  more 
so  that  it  is  accompanied  by  a  notice  which  we 
commend  to  authors  of  popular  school-books.  Dr. 
Page  tells  us  that  the  continued  demand  for  this 
little  manual  enables  him  at  frequent  intervals  to 
make  such  alterations  and  additions  as  the  pro- 
gress of  the  science  requires ;  and  that  while  this 
revision  has  been  enlarged  so  as  to  embody  the 
latest  views  and  discoveries — so  far  as  these  are 
compatible  with  the  nature  of  an  elementary  out- 
line— the  original  textual  arrangement  has  been 
carefully  preserved,  that  as  little  inconvenience  as 
possible  may  be  felt  in  using  it  in  the  same  class 
along  with  any  of  the  later  editions.  Apart  from 
its  scientific  value,  the  study  of  geology  affords, 
as  Huttonhas  suggested,  a  source  of  pure  pleasure ; 
so  that,  to  any  man  whether  educated  or  not,  who 
has  a  scientific  bent,  we  can  commend  nothing 
more  delightful  than  that  careful  study  of  geology 
to  which  Dr.  Page,  of  all  men,  is  the  safest  and 
best  guide. 

The  Practical  Designing-  of  Retaining 
"Walls.  By  Arthur  Jacob,  A.  B.  New 
York  :  D.  Van  Nostrand. 

This  is  No.  3  of  Van  Nostrand's  Science  Series, 
and  is  an  excellent  example  of  a  handy  book  for 
the  practical  engineer.  Works  which  present  the 
rationale  of  the  processes  of  mathematical  investi- 
gations, and  present  in  plain  terms  the  application 
of  the  principles,  are  by  no  means  too  common ; 
and  this  one  subject  of  "  Retaining  Walls  "  is  so  over- 
loaded with  abstruse  mathematical  labor  in  most 
works  on  Engineering,  that  the  exact  conclusions 
of  the  author  are  hard  to  determine. 

We  have  here,  however,  just  so  much  of  the 
theory  as  to  indicate  the  nature  and  amount  of 
the  forces  to  be  met,  and  the  accepted  method  of 
meeting  the  conditions  under  all  ordinary  circum- 
stances. 

Appended  to  the  Essay  are  some  tables,  also  two 
excellent  methods  of  solving  by  graphical  con- 
struction problems  relating  to  retaining  walls. 

Submarine  Mines.  Notes  on  Torpedoes, 
Offensive  and  Defensive.  By  Major 
R.  H.  Stotherd,  R.  E.  Washington :  Govern- 
ment Printing  Office. 

This  work  has  been  compiled  from  the  various 
papers  which  have  been  drawn  up,  and  experi- 
ments which  have  been  made,  during  the  last  few 
years  in  the  course  of  instruction  at  the  School  of 
Military  Engineering  at  Chatham. 

The  object  has  been  to  prepare  a  hand-book  of 
reference  for  military  engineers. 

The  several  chapters  present  the  selected  topics 
in  the  following  order:  I. — Introductory.  II. — 
General  Principles.  III. — Explosives.  IV. — Eorm 
and  construction  of  case.  V.  Mooring.  VI. — 
Mode  of  Ignition.  VII.-  Electric  cables.  VIII. 
— Water-tight  and  insulated  joints.  IX. — Sub- 
merging mines.     X. — Electrical  igniting   agents. 


XI. — Closing  circuit.  XII.— Electrical  testing 
tables.  XIII. — Mechanical  and  electrical  tests. 
XIV. — Clearing  channels  of  submarine  mines.  XV. 
— Locomotive  torpedoes.  XVI. — Approved  forms 
of  apparatus. 
The  illustrations  are  numerous  and  good. 

The  Achromatic  Microscope.    By  Richard 
Beck.     London:  John  Van  Voorst.    For  sale 
by  Van  Nostrand. 

A  complete  manual  of  Microscopy,  designed 
especially  to  accompany  the  excellent  apparatus  of 
the  well-known  London  manufacturers.  The  work 
is  chiefly  devoted  to  a  description  of  the  various 
parts  of  the  microscope  and  its  adjuncts,  and  to 
preparation  of  the  ordinary  kinds  of  objects.  It  is 
in  no  sense  a  theoretic  treatise.  The  illustrations 
throughout  are  excellent  and  abundant. 

MANUAL  OF  THE  RAILROADS  OF  THE  UNITED 
States,  1873-74.  By  Henry  V.  Poor.  New 
York :  H.  V.  &  H.  W.  Poor.  For  sale  by  Van  Nos- 
trand. 

The  design  and  scope  of  this  Annual  is  now  well 
known  to  all  of  our  readers  who  have  occasion  to 
make  use  of  railroad  statistics. 

We  notice  an  improvement  in  the  general  ap- 
pearance of  the  present  over  former  editions. 

The  increase  in  size  was  of  course  to  be  ex- 
pected. The  work  contains  statistical  imformation, 
carefully  arranged,  of  the  entire  list  of  railroads  of 
this  country.  In  addition  to  such  topics  as  ear- 
nings, expenditures,  value  of  stock  etc.,  it  sets 
forth  also,  in  many  cases,  the  gauge,  grades, 
location  of  termini,  and  present  condition  of  the 
track. 

The  reliability  of  the  work  is  sufficiently  at- 
tested by  the  success  of  the  former  editions. 

TRAITE  ELEMEXTAIRE  DE  CniMIE  EXPERIMEN- 
TAL ET  APPLIQUEE.     Par  J.  Jacob.     Paris. 
For  sale  by  Van  Nostrand. 

This  treatise  is  particularly  noticeable  on  ac- 
count of  the  space  devoted  to  processes  of  manu- 
facture in  the  department  of  organic  chemistry. 
In  the  first  or  inorganic  portion  it  is  much  like 
our  complete  English  treatises.  The  nomenclature 
is  the  old  system. 

A  Manual  of  Elementary  Chemistry. — 
Theoretical  and  Practical.  By  George 
Fovtnes,  F.  R.  S. — Eleventh  edition  (1873 1,  revised 
and  corrected  by  Henry  Watts,  F.R.S.  London  : 
J.  &  A  Churchill.     For  sale  by  Van  Nostrand. 

We  believe  no  work  in  the  English  language 
presents  such  an  epitome  of  chemistry  as  Fownes'. 
It  has  for  a  long  time  held  its  place  as  the  adopted 
text-book  in  many  of  our  leading  colleges,  and 
especially  the  medical  schools.  The  nomenclature 
of  this  edition  is  the  new  system. 

Yoie,  Materiel  Roulant,  et  Exploitation 
Technique  des  Chemins  de  Feb.  Tome 
II.  2d  Fascicule;  Traction.  Par  M.  Ch.  Couche. 
Paris  :  JDunod.    For  sale  by  Van  Nostrand. 

The  part  before  us  of  this  extensive  work  is 
devoted  to  "  Materiel  de  Transport,"  and  "  Trac- 
tion," and  these  topics  alone  occupy  about  nine 
hundred  octavo  pages.  All  the  illustrations  are 
given  in  the  large  folio  atlas  of  ninety-two  plates. 
This  last  is  a  remarkable  collection  of  plates  of 
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cars  and  locomotives  (chiefly  the  latter)  for  all 
ordinary  or  extraordinary  traffic  in  all  parts  of  the 
globe.  The  details  are  given  in  many  examples 
with  the  minuteness  and  accuracy  of  working 
drawings. 

LEITFADEN  ZUR  BeRGBAUKUNDE.  Vbn  HELN- 
rich  Lottner.  Bearbeitet  von  Dr.  Albert 
Serlo.  Berlin,  1873;  Julius  Springer.  For 
sale  by  Van  Nostrand. 

This  complete  work  on  mining  is  presented  in 
two  octavo  volumes  containing  540  wood-cuts  and 
14  lithographic  plates. 

The  descriptions  of  machinery  and  processes,  to- 
gether with  the  history  of  the  various  improve- 
ments, is  given  with  a  fulness  that  is  only  afforded 
by  our  indefatigable  German  friends,  when  writing 
up  a  department  of  technical  science. 

CATALOGUE  OF  SCIENTIFIC  INSTRUMENTS. — 
Illustrated  and  Descriptive.  By  L.  Casella. 
London.     For  sale  by  Van  Nostrand.. 

Much  information  on  the  subject  of  the  refine- 
ments of  manipulation  in  scientific  research,  is 
conveyed  by  a  well-illustrated  catalogue  of  scien- 
tific instruments. 

Mr.  Casella  is  well  known  to  scientific  investiga- 
tors through  his  excellent  devices  for  the  exact 
measurement  of  temperature,  pressure,  and  velocity 
of  air  or  water  under  extraordinary  conditions. 
The  catalogue,  however,  describes  the  whole  range 
of  scientific  apparatus. 

IMPROVEMENT    IN    METALS  FOR   CAR   WHEELS. 
Published  by   the    Hamilton    Steeled  "Wheel 
Co.,  Philadelphia. 

This,  although  only  an  advertisement,  contains 
much  valuable  information  aside  from  the 
numerous  photolithographs  of  fractured  surfaces  of 
cast  iron. 

The  Moon,  her  Motions,  Aspect,  Scenery, 
and  Physical  Condition.  By  Bjchd.  A. 
Proctor,  B.  A.  New  York :  D.  Appleton  &  Co. 
For  sale  by  Van  Nostrand. 

All  scientific  readers  know  the  value  of  Mr* 
Proctor's  writings  so  well  that  any  remarks  upon  the 
scientific  value  of  this  last  treatise  would  be  useless. 

The  volume  is  of  uniform  size  with  "  The  Sun," 
and  all  of  his  later  works.  It  presents  to  the  cur- 
sory glance  even  a  more  attractive  appearance 
than  the  former  works,  by  reason  of  the  great 
abundance  of  illustrations. 

These  photographs  of  the  lunar  surface  by 
Rutherford,  embellish  the  work ;  and  two  charts 
exhibiting  the  named  mountains  and  waters. 

To  a  student  of  astronomy,  or  to  the  reader  of 
general  science  who  desires  to  keep  pace  with  its 
progress,  the  book  is  indispensable. 

A  General  System  of  Botany,  Descriptive 
and  Analytical.  By  Emm.  Maout  and 
J.  Decaisne.  Translated  by  Mrs.  Hooker.  Lon- 
don :  Longmans,  Green  &  Co. 

The  size  of  this  elegant  volume  is  so  far  beyond 
what  we  are  accustomed  to  see  in  botanical  text- 
books, that  absolute  completeness  in  treatment  of 
this  department  of  natural  history  is  naturally 
suggested  at  the  first  glance  at  it. 

The  two  parts  which  constitute  the  volume  to- 
gether cover  more  than  one  thousand  quarto  pages. 


Part  First  treats  of  Organography,  Anatomy, 
and  Physiology  of  Plants. 

Part  Second  is  devoted  to  "  Descriptions  and 
Illustrations  of  the  Orders."  The  great  feature  of 
the  work  is  the  completeness  of  the  pictorial  illus- 
tration of  the  entire  anatomy  of  each  of  the  orders. 

The  arrangement  is  that  adopted  by  the  uni- 
versities and  schools  of  Great  Britain  and  the  United 
States.  An  Appendix  sets  forth  the  natural  meth- 
od and  a  synopsis  of  the  orders ;  this  latter  is 
by  J.  D.  Hooker,  C.  B.,  Director  of  the  Royal  Bo- 
tanical Gardens  at  Kew. 

The  typography  is  excellent ;  the  cuts  are  inter- 
spersed through  the  text,  and.  the  whole  is  on 
tinted  paper. 

The  Stereoscope.  By  Prof.  Chas.  F.  Hines, 
Ph.  D.  For  sale  by  Van  Nostrand. 
This  interesting  treatise  is  republished  in  pam- 
phlet form  from  the  "  Journal  of  the  Franklin  Insti- 
tute." It  is  quite  exhaustive  on  the  subject  of 
binocular  vision,  and  possesses  a  special  interest  for 
students  of  physical  science. 

Formulas  and  Tables  for  Architects  and 
Englneers.  By  F.  Schumann,  C .  E.  "Wash- 
ington :  "Warren,  Choate  &  Co.  For  Sale  by  Van 
Nostrand. 

The  object  of  this  convenient  table  book  as  ex- 
plained by  the  author,  is  to  give  a  compilation  and 
transformation  into  simple  formulas  and  tables, 
adapted  to  practice,  of  matter  contained  in  the 
works  of  "Weisbach,  Rankine,  Fairbairn,  and  others. 

As  a  special  feature  may  be  mentioned  the 
tables  for  the  capacity  of  rolled  and  cast  iron 
beams  of  various  cross  sections. 

The  usual  mathematical  tables  are  also  ariven. 
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lammarion's  Atmosphere. — The  Atmos- 
phere. Translated  from  the  French  of 
Camille  Flammarion,  edited  by  James  Olai- 
SHEe,  F.  R.  S.,  etc.  (London:  Sampson,  Low  and 
Co.,  1873.)     For  sale  by  Van  Nostrand. 

In  some  respects  the  volume  before  us  may  be 
considered  as  the  sequel  to  its  equally  sumptuous 
companion,  "  The  Forces  of  Nature."  For,  the 
ordinary  reader  must  have  some  acquaintance 
with  physics  intelligently  to  follow  the  disen- 
tanglement of  the  various  forms  of  energy — the 
mingled  play  of  which  gives  rise  to  the  phenomena 
of  meteorology.  Nevertheless,  M.  Flammarion 
writes  so  lucidly  and  pleasantly,  that  a  totally 
unscientific  person  can  read  this  work  with  enjoy- 
ment and  instruction.  On  the  other  hand,  it  con- 
tains much  that  will  be  of  interest  to  the  man  of 
science,  as  well  as  to  the  mere  dilettante. 

The  scope  of  the  work  is  stated  in  the  editor's 
preface.  It  treats  of  the  form,  dimensions,  and 
movements  of  the  earth,  and  of  the  influence  ex- 
erted on  meteorology  by  the  physical  conforma- 
tion of  our  globe ;  of  the  figure,  height,  color, 
weight,  and  chemical  components  of  the  atmos- 
phere ;  of  the  meteorological  phenomena  induced 
by  the  action  of  light,  and  the  optical  appearances 
which  objects  present  as  seen  through  different 
atmospheric  strata ;  of  the  phenomena  connected 
with  heat,  wind,  clouds,  rain,  electricity ;  and  also 
of  the  laws  of  climate.  These  subjects  are  illus- 
trated by  ten  admirable  chromo-lithographs,  and 
upwards  of  eighty  woodcuts,  but  many  of  these 
latter  we  observe  have  already  done  duty  in  other 
y  French  treatises.      The   colored  illustrations   are 


384 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


quite  works  of  art ;  especially  noteworthy  are  the 
representations  of  a  sunset,  of  sunrise  as  seen 
from  the  Righi,  and  of  a  solar  and  a  lunar  rain- 
bow. Science  has  more  often  given  than  received 
aid  from  art,  but  the  pages  of  this  book  show  how 
much  service  art  can  render  to  science.  The  print- 
ing is  remarkably  well  executed. 

The  translation  has  been  done  by  Mr.  E.  B. 
Pitman,  and  the  task  has  been  well  discharged. 
The  value  of  the  original  work  is  considerably 
increased  by  the  careful  revision  it  has  received 
from  Mr.  Glaisher,  and  the  additions  by  him  of 
many  useful  foot-notes.  The  tendency  of  M. 
Flammarion,  like  other  popular  French  writers,  to 
run  into  grandiloquent  language  has  been  in 
general  suppressed ;  though  still  a  few  cases  re- 
main that  might  well  have  been  pruned. 

As  indicative  of  the  labor  Mr.  Glaisher  has  be- 
stowed on  this  work,  we  notice  that  all  measure- 
ments are  given  in  English  equivalents,  centigrade 
degrees  are  converted  to  Fahrenheit,  Paris  obser- 
vations are  replaced  by  data  from  Greenwich,  and 
appropriate  condensation  and  excision  has  reduced 
by  one-half  the  unwieldy  size  of  the  original  work. 
— Nature. 


A  Manual  of  Practical  Military  Engi- 
neering. By  Capt  0.  H.  Ernst,  Corps  of 
Engineers.     New  York  :  D.  Van  Nostrand. 

This  is  an  entirely  new  text-book,  prepared  for 
the  use  of  the  Cadets  of  U.  S.  Military  Academy 
at  "West  Point,  and  for  Engineer  troops.  It  is  al- 
ready adopted  at  the  Military  Institute  of  Vir- 
ginia. 

The  author  acknowledges  many  sources  from 
which  the  work  has  been  compiled,  and  modestly 
compares  his  production  to  a  mathematical  work 
in  which  the  materials  have  been  gathered  from 
previous  compilations,  and  the  original  authors 
are  long  since  forgotten. 

The  standard  works  are,  however,  mentioned  as 
prominent  sources  of  supply  for  the  author. 

There  is  nothing  in  the  work  to  indicate  a  patch- 
work ;  on  the  other  hand,  there  are  plain  indica- 
tions throughout  of  the  logical  method  of  a 
thorough  instructor.  The  result  is  such  a  book  as 
the  learner  is  first  attracted  to  and  profited  by. 
The  illustrations  are  very  numerous,  and  the  typog- 
raphy excellent.  "We  shall  review  the  work  more 
in  detail  at  a  future  time. 


A  Treatise  on  Electricity  and  Magnet- 
ism. By  James  Clark  Maxwell,  M.  A. 
Oxford  :  Clarendon  Press .  For  sale  by  Van  Nos- 
trand. 

This  elegant  work,  in  two  octavo  volumes,  pre- 
sents us  with  the  theory  of  electricity  and  magne- 
tism elucidated  by  aid  of  the  higher  analysis.  The 
subjects  treated  in  order  by  chapters  are :  The 
Measurement  of  Quantities — Description  of  Phe- 
nomena— Elementary  Mathematical  Theory  of 
Electricity  —  Systems  of  Conductors  —  General 
Theorems — Mechanical  Action  between  Electrified 
Bodies — Points  and  Lines  of  Equilibrium — Points 
of  Equipotential  Surfaces  and  Lines  of  Flow — 
Simple  Cases  of  Electrification — Spherical  Har- 
monies— Confocal  Surfaces  of  the  Second  Degree 
— Theory  of  Electrical  Images — Conjugate  Func- 
tions in  Two  Dimensions — Electrostatic  Instru- 
ments— Electric  Current— Conduction  and  Resist- 


ance —Electro-motive  Force — Electrolysis  —  Elec- 
trolytic Polarization— Theory  of  Distribution  of 
Currents — Conduction  in  Three  Dimensions — Re- 
sistance and  Conductivity  in  Three  Dimensions — 
Conduction  through  Heterogeneous  Media — Con- 
duction in  Dielectrics — Measurement  of  Resistance 
— Resistance  of  Substances. 

Vol.  H.  Elementary  Theory  of  Magnetism — 
Magnectic  Force  and  Magnetic  Induction — Par- 
ticular Forms  of  Magnets — Induced  Magnetization 
— Magnetic  Problems — Weber's  Theory  of  Mag- 
netic Induction — Magnetic  Measurements — Ter- 
restrial Magnetism  —  Electro -magnetic  Force  — 
Mutual  Action  of  Currents— Induction  of  Electric 
Currents — Induction  of  a  Current  on  Itself — Dy- 
namics applied  to  Electro-magnetism — Electro- 
kinetics— Exploration  of  the  Field  with  Secondary 
Circuit — General  Equations — Dimensions  of  Units 
— Energy  and  Stress — Current  Sheets — Parallel 
Currents — Circular  Currents  —  Electro -magnetic 
Instruments — Measurement  of  Coefficients  of  In- 
duction— Determination  of  Resistance — Compar- 
ison of  Units — Electro-magnetic  Theory  of  Light — 
Magnetic  Action  on  Light — Electric  Theory  of 
Magnetism — Theories  of  Action  at  a  Distance. 

The  object  of  the  author  throughout  is  to  com- 
bat the  notion  of  action  at  a  distance. 


MISCELLANEOUS. 


Great  Russian  Railway. — The  capital  of  the 
Great  Russian  Railway  Company  is  guaran- 
teed an  interest  of  5  per  cent,  per  annum  by  the 
Russian  Treasury,  but  the  guarantee  does  not  ap- 
pear to  give  any  trouble  to  the  Russian  Minister 
of  Finance,  since  the  Company's  profits  not  only 
wholly  cover  it,  but  also  left  last  year  a  balance 
sufficient  to  pay  a  small  supplementary  dividend^ 
viz.,  68  copecks,  or  Is.  lOd.  per  share.  The  lines 
of  the  Great  Russian  extend  from  St.  Petersburg 
to  "Warsaw,  from  St.  Petersburg  to  Moscow,  and 
from  Moscow  to  Nijni-Novgorod. 

FOREIGN  papers  report  that  considerable  use  is 
now  made  of  gas  as  a  means  of  lighting 
mines.  A  patent  apparatus  has  been  fixed  at 
many  collieries  in  South  and  West  Yorkshire,  as 
well  as  in  the  North  of  England  coal-fields.  Some 
excellent  teetimonials  have  been  received  as  to 
the  efficient  way  in  which  it  is  performing  its 
work.  The  jet  can  be  applied  to  almost  any  depth, 
it  being  now  in  use  500  yards  below  the  surface  of 
the  ground.  A  steam  jet  is  used  to  draw  gas  into 
and  force  it  down  a  pipe  to  the  bottom  of  the 
mine. — Engineering  and  Mining  Journal. 

A  Ho  WARD  boiler  without  a  seam  or  rivet  has  lately 
been  built  in  Edinburgh.  It  is  constructed 
of  lap-welded  iron  tubes  of  large  diameter,  and 
fixed  in  such  a  way  that  every  part  of  the  boiler 
internally  is  made  easy  of  access  for  cleaning  or 
repairs.  From  its  construction  it  is  believed  that 
it  insures  almost  entire  immunity  from  dangerous 
explosions,  and  its  strength  is  so  great  that  it  is 
able  to  carry  a  very  much  higher  pressure  than  is 
customary  in  land  boilers. — Engineering  and  Min~ 
ing  Journal. 
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VENTILATION  OF  BUILDINGS* 


By  W.  F.  BUTLER. 


I  do  not  claim  to  have  discovered  any- 
thing new  in  the  art  of  ventilation.  All  I 
have  endeavored  to  do  in  the  following 
pages  is  to  lay  down  principles,  which  shall 
be  applicable  to  almost  every  case  where 
ventilation  is  required. 

One  object  of  the  paper  is  to  insist  upon 
the  great  and  increasing  importance  of  the 
subject,  and,  if  successful  in  this,  I  am  satis- 
fied that  it  will  not  have  been  read  in  vain. 

Before  proceeding  further,  I  think  it  will 
be  desirable  to  explain  what  I  mean  by  the 
term  "Ventilation."  Briefly,  it  is  this, — a 
gradual,  continuous  and  complete  changing 
of  the  air  contained  in  any  structure,  a  sub- 
stitution, in  fact,  of  fresh  air  for  foul,  but 
so  gradual  a  substitution  that  the  motion  of 
the  air  should  be  imperceptible. 

Of  course,  in  factories,  imperceptibility 
need  not  be  so  much  regarded,  and  in  the 
cases  of  sewers  and  underground  railways, 
it  is  obvious  that  any  method  may  be  fol- 
lowed which  promises  the  most  perfect 
results. 

The  importance  of  the  subject  under  con- 
sideration, which  can  hardly  be  overesti- 
mated, has  been  the  constant  theme  of 
writers  on  ventilation;  thus,  Dr.  James 
Johnson,  in  a  work  called  "  A  Diary  of  a 
Philosopher,"  says  that  all  the  deaths  re- 
sulting from  fevers  are  but  as  a  drop  in  the 
ocean,  when  compared  with  the  numbers 
who  perish  from  bad  air. 


*From  a  paper  read  before  the  Society  of  Civil  and  Mechani- 
cal Engineers. 

Vol.  IX.— No.  5—25 


It  is  to  the  efforts  of  science  that  we- 
must  look  for  an  alteration  in  so  disastrous 
a  state  of  things,  and  men  of  science  may 
be  assured  that  Society  will  ere  long  de- 
mand, not,  as  an  eminent  Philosopher  is 
reported  to  have  said,  a  new  faith — we 
neither  look  for  nor  expect  that — but  a 
longer  life,  increased  freedom  from  disease, 
and  greater  means  of  enjoying  sound  health 
while  life  lasts. 

I  believe,  we  cannot  doubt  that  much  of 
the  apathy  manifested  towards  our  subject 
by  people  generally,  results  from  the  abor- 
tive experiments  and  useless  methods  so 
often  tried,  and  resorted  to  for  the  purpose 
of  supplying  the  want  of  ventilation. 

Before  I  leave  this  part  of  my  subject,  I 
will  mention  one  other  difficulty  in  the  way 
of  ventilation,  and  this  by  no  means  a  small 
one — I  mean  the  cost. 

Although  efficient  ventilation  will  not 
cost  a  very  large  sum  per  room,  it  cannot 
be  denied  that  somewhat  will  be  added  to 
the  expense  of  the  house,  and  this  "  some- 
what "  the  speculative  builder  never  will 
add  until  he  finds  intending  tenants  and 
purchasers  refuse  to  take  houses  which  are 
not  properly  ventilated. 

As  with  houses,  so  with  all  other  build- 
ings and  works ;  if  we  make  up  our  minds 
to  ventilate  them,  we  must  also  resolve  to 
pay  for  it. 

I  fear  that  even  persons  who  build 
houses  for  their  own  occupation,  are  but 
little  in  advance  of  the  speculative  builder, 
as  far  as   any  recognition  of  the  absolute 
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necessity  of  efficient  ventilation  is  con- 
cerned. Many  hold  to  such  crude  devices 
as  open  windows  and  doors.  Others  think 
a  hole  of  any  size  or  in  any  part  of  the  wall 
quite  sufficient,  while,  I  believe,  the  majority 
pooh-pooh  the  whole  question. 

It  then  becomes  the  duty  of  scientific 
men,  and  bodies,  to  educate  the  public  up 
to  the  recognition  of  the  fact,  that  ventila- 
tion is  every  whit  as  important  as  drainage, 
to  individual  houses,  and  that  man  can  no 
more  live  in  a  foul  atmosphere  than  he 
can  while  constantly  imbibing  poisonous 
water. 

Ventilation  is  a  want  arising  chiefly  from 
modern  ways  and  customs,  and  is  therefore 
a  comparatively  new  branch  of  science, 
and  we  owe  our  present  knowledge  of  the 
subject  especially  to  modern  researches  and 
discoveries. 

That  ventilation  is  a  new  requirement 
will,  I  think,  be  readily  acknowledged, 
when  we  consider  the  every-day  life  of  our 
forefathers  who  lived  prior  to  the  close  of 
say  the  17th  century.  We  shall  see  that, 
in  by  far  the  larger  number  of  cases,  theirs 
was  an  out-of-door  life.  Their  days  spent 
mostly  in  the  field,  either  in  the  sports  of 
the  chase,  in  war,  or  in  the  occupation  of 
husbandry. 

If  they  were  wealthy,  their  halls  were 
large  and  lofty  with  enormous  fireplaces, 
and  loosely  fitting  doors  and  windows,  from 
which  innumerable  currents  of  air  rushed 
to  the  fires.  If  they  were  poor,  they  had, 
amid  all  the  dirt  and  wretchedness  which 
surrounded  them,  no  want  of  air,  as  any 
one  who  has  seen  an  old  English  or  "Welsh 
Cottage  will  readily  admit. 

The  windows,  too,  down  to  nearly  the 
period  I  have  named,  were,  in  most  cases, 
filled  with  nothing  better  than  shutters  or 
louvre  boards,  glazing  being  then  a  rarity, 
at  least  in  houses  of  the  commoner  sort,  for 
though  glass  was  known  to  the  Phoenicians 
and  to  the  later  Egyptians,  whose  glass 
works  at  Sidon  and  Alexandria  were 
famous  throughout  the  then  civilized  world, 
and  although  it  was  employed  by  the 
Romans  to  some  extent  in  their  windows,  as 
is  shown  by  the  remains  found  in  Hercu- 
laneum,  window  glass  was  not  manu- 
factured in  England,  I  believe,  prior  to  the 
middle  of  the  16th  century  and  must  up  to 
that  time  at  least,  and  probably  long  after, 
have  been  an  article  of  luxury,  while  its  sub- 
stitutes, oiled  paper  or  plates  of  horn,  can 
hardly  have  been  in  general  use,  at  least  in 


the    dwellings    of    the    poorer    classes   in 
country  districts. 

In  cities  and  towns,  doubtless,  greater 
comfort,  if  not  better  sanitary  arrangements, 
prevailed.  But  these  were  always  the 
strongholds  of  fever,  plague,  and  cholera. 
In  towns  the  "  black  death,"  so  much 
dreaded  in  the  14th  century,  had  its  head- 
quarters, and  from  them  it  extended  its 
devastating  arms  into  all  the  surrounding 
country.  I  believe  that  to  defective  venti- 
lation not  less  than  to  bad  drainage  and 
insufficient  water  supply,  may  be  traced 
these  scourges  of  the  human  race  which 
now  seem  rapidly  giving  up  their  strong- 
holds to  the  invading  forces  of  science. 

We  cannot  wonder  on  looking  at  such 
places  as  the  hall  of  Bodiani  Castle,  for  in- 
stance, in  which  were  two  fireplaces,  each 
about  25  ft.  wide  and  7  ft.  high,  that  people 
found  a  settle,  a  comfortable  article  of 
domestic  furniture,  and  viewed  the  chimney 
corner,  where  they  crowded  like  smoked 
hams,  as  the  choicest  parts  of  the  room. 
Nor  must  we  be  surprised  when  we  are 
told  that  the  curtains  enclosing  the  couches 
whereon  reposed  the  proudest  beauties  of 
the  land  shook  in  response  to  every  wind 
that  blew. 

If  the  wretched  hole  which  they  show  in 
Carnarvon  Castle  as  the  birthplace  of  Ed- 
ward II.  be  indeed  the  room  in  which  that 
unhappy  prince  first  saw  the  light,  I  can 
only  say  that  whatever  advantages  the  men 
of  a  former  age  may  have  had  over  us, 
certainly  domestic  comfort  could  not  be  said 
to  be  one  of  them. 

The  first  person  who  seems  to  have  turn- 
ed his  serious  attention  with  any  practical 
result  towards  the  subject  of  this  paper,  at 
least  in  England,  was,  I  believe,  Dr.  Desa- 
guliers,  who,  in  1723,  was  called  in  to 
ventilate  the  House  of  Commons,  upon 
which  Wren  had  before  tried  his  hand. 

The  Doctor  discharged  his  commission 
with  success,  but  he  unfortunately  provoked 
the  hostility  of  one  very  important  indi- 
vidual, viz.,  the  housekeeper,  a  certain 
Mrs.  Smith,  who  effectually  extinguished 
him  by  not  lighting  the  fires  upon  the 
action  of  which  his  system  depended,  until 
the  House  had  sat  for  some  time,  and  the 
chamber  had  got  thoroughly  heated,  so 
that  we  cannot  wonder  some  of  the  mem- 
bers should  have  considered  the  design  of 
cooling  the  House  was  frustrated,  and  re- 
quested the  Doctor  to  employ  other  means. 
He  accordingly  invented  a  centrifugal  wheel, 
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or  blowing  machine,  so  constructed  as  to 
force  air  either  into  or  out  of  the  House, 
according  as  either  was  required.  This 
machine  was  put  in  charge  of  a  man  called 
the  ventilator,  whose  duty  it  was  to  wait 
upon  Mr.  Speaker  every  day  for  orders.  Dr. 
Desaguliers  was  next  applied  to  by  the 
the  Admiralty  to  ventilate  ships,  but  here,  as 
might  be  expected,  he  got  inventors'  allow- 
ance, viz.,  more  kicks  than  halfpence.  All 
his  troubles  with  Mrs.  Smith  were  nothing 
compared  with  the  treatment  he  and  his 
invention  received  from  Sir  Jacob  Ackworth, 
the  Surveyor  to  the  Navy,  who  seems  to 
have  been  the  beau  ideal  of  an  official. 
When  the  Doctor  attended  by  appointment 
on  board  the  ship  in  which  his  machine 
was  to  be  tried,  Sir  Jacob  did  not  appear, 
but  hearing  that  the  company  were  pleased 
afterwards  told  Dr.  Desaguliers  that  at  the 
next  experiment  he  (the  Doctor)  need  not 
attend,  as  the  carpenter  could  manage  the 
ventilation. 

When  the  second  trial  came  off,  Sir 
Jacob  had  scuttle  holes  cut  at  each  end  of 
the  ship  and  then  hoisted  enormous  wind- 
sails,  and  when,  as  might  naturally  be  ex- 
pected, he  found  that  more  air  came  through 
his  windsails,  which  were  about  2'. 6" 
diameter  than  through  the  Doctor's  tubes, 
which  were  5"X3' ;  he  said  he  could  not 
stay  longer,  and  that  he  was  sorry  the  ma- 
chine had  answered  no  better.  Sir  Jacob, 
however,  sent  his  "humble  duty"  to  Dr. 
Desaguliers,  and  thought  his  invention 
might  be  a  very  pretty  thing  in  a  house. 

The  Lords  of  the  Admiralty  never  came 
near  nor  gave  themselves  any  trouble 
about  it,  and  so  the  Doctor  found  his  in- 
vention would  not  be  used  in  the  Navy. 

The  next  person  who  came  forward  in 
the  cause  of  ventilation  for  the  Navy,  was 
Mr.  Sutton,  a  brewer  by  trade.  He  made 
use  of  the  fire  which  cooked  the  provisions  of 
the  ship's  company  as  the  motive  power, 
laying  pipes  from  all  parts  of  the  ship  to 
the  ashpit  under  the  grate.  When  the 
ashpit-door  was  closed  no  air  could  get  to 
the  fire  except  throught  the  pipes. 

The  result  was  considered  satisfactory, 
and  the  apparatus  was  ordered  to  be  fitted 
up  on  board  the  Norwich  man-of-war. 

Mr.  Sutton  had  also  to  contend  with  Sir 
Jacob  Ackworth,  but  he  had  found  powerful 
friends  in  Dr.  Mead,  the  King's  Physician, 
and  Sir  Charles  Wager,  so  that  the  old 
knight's  opposition  was  rather  passive  than 
active. 


This,  I  believe,  is  one  of  the  first,  if  not 
the  first,  instance  of  the  scientific  use  of  the 
common  fire  as  the  power  for  ventilating 
any  structure.  This  method  has  been 
called  thermo-ventilation  by  Mr.  Bernan, 
to  whose  work,  as  well  as  to  those  of  the 
inventors  whose  names  I  have  mentioned, 
I  am  indebted  for  many  of  the  particulars 
given  above. 

However  successful  Mr.  Sutton  may  have 
been  in  getting  his  apparatus  fixed,  he 
failed  when  he  applied  to  the  Admiralty 
for  some  reward  for  his  seviccs  ;  they  simply 
took  no  notice  of  him  or  his  petition, 
although  the  Norwich  had  returned  to  Eng- 
land from  the  Guinea  Coast,  with  the  loss 
of  only  two  men,  and  the  Captain  reported 
her  singularly  healthy. 

Meanwhille,  a  certain  Dr.  Hales  had 
been  pressing  an  invention  of  his  own  upon 
the  notice  of  my  Lords.  This  he  called  a 
ship's  lungs.  The  machine  was,  in  fact,  a 
magnified  bellows,  differing  somewhat  in 
construction  from  common  bellows  certainly, 
but  the  same  as  far  as  action  was  concerned. 
It  consisted  of  a  large  square  case  with 
valves,  enclosing  a  hinged  midriff,  which 
rose  and  fell  by  the  action  of  a  long  handle 
or  lever,  worked  by  some  of  the  ship's 
company.  The  whole  machine  was  cum- 
bersome, requiring  about  four  men  per 
hour  to  work  it,  and  could  not,  certainly, 
compare  with  the  blowing-wheel  of  Dr. 
Desaguliers.  It  soon  fell  into  disuse,  and 
became  a  thing  of  the  past. 

Mr.  Sutton,  who  had  at  last  got  £100 
from  the  Admiralty,  exulted  over  the  failure 
of  the  ship  lungs,  but  his  triumph  was 
short-lived,  for,  in  the  course  of  a  few  years, 
he  found  that  he  was  left  out  in  the  cold 
also,  and  the  old  wind-sails  were  again  on 
duty. 

The  illustrious  names  of  Count  Eumford 
and  Sir  H.  Davy,  as  well  as  those  of  a  host 
of  other  persons  less  celebrated,  which 
figure  in  the  annals  of  ventilation,  attest 
the  importance  of  the  question.  It  is  time, 
however,  for  me  to  take  leave  of  this  por- 
tion of  my  subject,  on  which  volumes 
might  be  written,  and  to  consider  the  causes 
which  make  ventilation  a  necessity. 

These  may  be  classed  under  different 
heads,  viz.:  1st,  In  private  houses.  The 
necessity  for  ventilation  will  arise  from 
commonly  (A)  the  presence  of  fires ;  (B) 
artificial  light ;  (C)  the  presence  of  persons 
living  in  the  house,  that  is  from  the  air  re- 
quired by  them,  as  well  as  the  exhalations 
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from  their  bodies,  and  (D)  from  badly  con- 
structed water-closets,  cesspools  and  drains. 
2d.  In  factories  there  will  be,  in  addition 
to  the  above  causes,  the  presence  in  the  air 
of  a  vast  quantity  of  minutely-divided  fibre 
and  dust,  which  is  highly  prejudicial  to  the 
health  of  the  workers,  and  also  the  fumes 
from  chemicals,  etc.,  where  the  manufac- 
ture of  such  is  carried  on.  3d.  In  sewers. 
The  necessity  of  sufficient  ventilation  will 
almost  entirely  arise  from  the  generation  of 
poisonous  gases  by  the  putrid  filth  carried 
down.  4th.  And  in  underground  rail- 
ways, the  fires  of  the  engines,  and  the 
saturation  of  air  by  the  waste  steam,  will 
render  ventilation,  in  certain  cases,  neces- 
sary. 

Considering  these  cases  in  the  above 
order,  we  have  1st,  in  dwelling  houses  (A), 
the  presence  of  fires. 

At  first  sight  it  would  seem  an  error  to 
include  this  under  the  head  of  causes  which 
make  ventilation  necessary.  As  fires  are 
often,  indeed  mostly,  the  only  means  of 
ventilation  in  private  houses.  But  under 
the  term  I  include  not  only  the  removal  of 
foul  air,  but  the  supply  of  fresh,  and  from 
this  point  of  view  it  will  be  seen  that  the 
common  fire  is  a  very  great  consumer  of 
fresh  air,  and  requires  a  supply  of  that 
quite  as  much  as  of  the  fuel  which  feeds  it. 

It  may  be  as  well  to  mention  here  some 
of  the  well-known  facts  connected  with  the 
combustion  of  fuel. 

The  fuels  commonly  used  are  composed, 
principally,  of  carbon  and  hydrogen  in 
about  the  following  proportions  : — 


Name. 

Carbon 

Hydrogen. 

Ashes,  &c. 

Water. 

Coal 

.812 

.048 

,     .140 

Coke 

.850 

.150 

Wood 

.408 

.042 

3*)0 

.200 

Charcoal. . . 

.930 

.070 

Peat 

.464 

.048 

.288 

.200 

Now,  combustion  consists  in  the  union  of 
oxygen  gas  with  the  elements  carbon  and 
hydrogen,  and  the  result  is  a  development 
of  light  and  heat,  and  the  formation  of 
carbonic  acid  and  water,  the  carbon  of  the 
fuel  uniting  with  the  oxygen  of  the  air  to 
form  carbonic  acid,  and  the  hydrogen  doing 
the  same  to  form  water. 

Carbon  exists  in  its  pure  and  crystallized 
form  as  the  diamond,  and  this  beautiful  gem 
is  combustible  in  oxygen  gas,  burning  en- 
tirely to  carbonic  acid.      This  experiment 


has  been  tried,  however,  only  in  the  labora- 
tory. 

One  pound  of  carbon  requires  for  its 
combustion  158  cubic  ft.  of  air,  while  the 
same  weight  of  hydrogen  requires  473  cubic 
feet.  From  these  facts  it  will  be  seen  that 
the  different  fuels  mentioned  above  will 
take  for  their  proper  combustion  the  follow- 
ing minimum  quantities  of  air,  viz. : — 

Coal 348  cubic  feeH 

Coke 134 

Wood 65         "         y  per  pound. 

Charcoal 147  "  | 

Peat 81  "        J 

There  is  a  certain  quantity  of  oxygen  in 
coal,  wood,  and  peat,  which  somewhat  re- 
duces the  amount  of  atmospheric  air 
required  by  these  fuels. 

From  the  above  tables — for  which  I  am 
indebted  to  the  researches  of  Peclet,  Play- 
fair,  Regnault,  and  others,  and  which 
assume  the  temperature  of  the  air  to  be  26 
deg.  F. — it  will  be  seen  that  the  ordinary 
fire  plays  no  unimportant  part  in  the  con- 
sumption of  air ;  for,  if  we  assume  one 
pound  of  coal  per  hour  as  the  quantity  re- 
quired, then  148  cubic  ft.  of  air  will  be  con- 
sumed in  that  period,  or  2.46  ft.  per 
minute,  or  2,072  cubic  ft.  per  day  of  14 
hours. 

These,  as  I  have  said,  are  minimum 
quantities.  In  practice,  at  least  double 
must  be  allowed,  as  a  large  percentage  will 
escape  unconsumed. 

In  the  case  of  the  common  fire,  the 
products  of  combustion  do  not  certainly 
escape  into  the  room,  but  the  air  to  supply 
the  fire  is  required  all  the  same,  and  I  feel 
sure  that  not  in  one  house  in  a  hundred  is 
this  supply  ever  thought  of,  but  is  left  to 
chance,  and  the  cracks  in  the  doors  and 
windows  from  which  drafts  whistle  across 
the  room  in  every  direction. 

The  second  cause  (B) — artificial  light — 
requires  far  more  serious  consideration  than 
the  fire,  for,  commonly,  the  products  of 
combustion  are  passed  directly  into  the 
room,  and  are  breathed  in  a  diluted  form  by 
the  persons  in  it. 

The  introduction  of  coal  gas  has  been 
most  pernicious  in  this  respect,  for  few 
houses  are  built  with  any  regard  to  the 
method  of  lighting,  nor  are  the  ways  in 
which  the  gas  is  generally  burnt  calculated 
for  anything  but  to  do  the  greatest  amount  of 
injury  to  the  persons  using  it.  Some  forms 
of  gas-light,  such,  as  the  sun  burners  and 
the   ventilating  globe  light,  are  compara- 
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tively  free  from  defect  in  these  respects, 
but  I  have  never  seen  the  latter  used  save 
in  one  or  two  private  houses,  and  the  former 
are  almost  entirely  confined  to  offices  and 
public  buildings. 

I  have  experienced  some  difficulty  in  ob- 
taining the  quantity  of  air  consumed  by  the 
ordinary  bat's-wing  or  fish-tail  burner  when 
lighted.  But  taking  the  Argand  burner 
using  5  ft.  of  gas  per  hour,  and  45  ft.  of 
common  air  in  the  same  time,  as  a  standard, 
and  knowing  that  the  common  burners 
burn  from  2  to  6  ft.  per  hour,  according  to 
size  and  pressure,  I  think  I  shall  be  safe  in 
calculating  the  average  consumption  of  gas 
by  the  common  burners  at  4  cubic  ft.  per 
hour,  and  the  amount  of  air  at  36  cubic  ft. 
per  hour. 

Now  a  room  25  ft.  long  by  16  ft.  broad, 
and  10  ft.  6  in.  high,  will  contain  4, 200  cubic  ft. 
of  air,  but  a  deduction  must  be  made  for 
furniture,  etc.,  of  at  least  10  per  cent., 
leaving  3,780  cubic  ft.,  or  say  3,800,  as  the 
net  quantity  of  air  in  the  room. 

Such  a  room  will  require  at  least  three 
gas  burners  to  light  it,  and  these,  as  we 
have  seen,  will  consume  108  cubic  ft.  of  air 
per  hour,  rendering  it  absolutely  unfit  for 
breathing  by  depriving  it  of  its  necessary 
proportion  of  oxygen. 

Ordinary  candles  do  not  vitiate  more  than 
11  cubic  ft.  of  air  per  hour,  per  candle. 

As  the  chief  constituents  of  coal  gas  are 
carbon  and  hydrogen,  so  the  principal  re- 
sults of  its  combustion  are  carbonic  acid 
and  water.  This  water,  in  the  form  of 
vapor  saturates  the  air  of  the  room,  which 
has  a  greater  capacity  for  moisture  when 
warm  than  when  cold.  This  may  be  readily 
seen  if,  in  a  close  warm  room,  we  examine 
the  windows,  where  the  moisture  will  be 
found  condensed,  and  perhaps  running 
down  the  glass  in  streams. 

The  same  effect  will  be  produced  by 
placing  a  glass  bottle  filled  with  cold  water 
on  the  table,  the  moisture  will  settle  thickly 
upon  it  like  dew  upon  the  grass  on  a  clear 
night. 

The  reason  is  this.  The  air  cooled  by 
contact  with  the  cold  glass  is  no  longer  able 
to  sustain  the  moisture,  and  the  latter  is 
therefore  precipitated  in  the  form  of  dew. 

(C.)  The  third  cause  I  have  mentioned  is 
the  presence  of  living  beings  in  the  room. 
Let  us  now  consider  the  effect  of  this. 

Man's  body  is  a  furnace,  a  slow  combus- 
tion furnace  if  you  will,  but  still  a  furnace, 
and  the  waste  from  this  human  furnace  is 


precisely  the  same  as  that  from  any  other 
furnace,  viz.,  carbonic  acid  and  water.  To 
quote  the  words  of  Professor  Tyndall : 
"In  the  animal  body  the  carbon  and 
hydrogen  of  the  vegetable  are  again  brought 
into  contact  with  the  oxygen  from  which 
they  had  been  divorced,  and  which  is  now 
supplied  by  the  lungs.  Re-union  takes 
place,  and  animal  heat  is  the  result.  Save 
as  regards  intensity,  there  is  no  difference 
between  the  combustion  that  goes  on  within 
us,  and  that  of  an  ordinary  fire."  We  see 
then  of  what  vital  consequence  is  the  pres- 
ence of  oxygen  in  the  atmosphere. 
Without  it  fires  and  lights  will  not  burn, 
our  food  will  not  digest,  and  the  blood 
remains  unpurified,  as  is  shown  by  the  pale 
faces  and  purple  lips  of  people  living  in 
close  warm  rooms.  These  are  the  forerun- 
ners of  certain  death  to  persons  deprived  of 
the  life  sustaining  oxygen. 

Atmospheric  air  consists  of  a  mixture  of 
several  gases,  for  though  it  is  commonly 
said  to  be  formed  of  oxygen  and  nitrogen 
in  proportion  of  21  volumes  of  the  former 
to  79  of  the  latter,  in  each  100,  yet  several 
other  gases  are  mixed  with  these.  The 
composition  of  air  varies  with  its  situation. 
Thus,  inland  air  is  not  of  precisely  the 
same  composition  as  that  near  the  sea 
coast,  where  there  is  said  to  be  a  greater 
proportion  of  ozone.  On  rocky  mountains 
there  is  more  carbonic  acid  than  is  found  in 
the  valleys. 

The  quantity  of  air  required  by  a  man 
varies  with  the  state  of  his  body.  Thus  a 
man  at  hard  work  or  violent  exercise  may 
require  even  five  times  as  much  air  as  the 
same  man  when  asleep. 

This  amount  of  air  has  been  variously 
estimated,  but  I  think  we  may  safely  take 
the  following  calculation  by  Box  to  be  cor- 
rect. He  states  that  an  ordinary  man 
takes  20  respirations  per  minute,  of  the  ca- 
pacity of  40  cubic  in.  each,  thus  vitiating  28 
cubic  ft.  per  hour.  Added  to  this,  there  is 
the  quantity  of  air  saturated  by  the  mois- 
ture evolved  to  be  considered.  According 
to  Dumas  this  quantity  in  the  form  of  vapor 
equals  .0836  of  a  pound  of  water  per  hour, 
which  is  sufficient  to  half  saturate,  for  air 
should  not  be  more  than  half  saturated  to 
be  pleasant — 187  cubic  ft.  of  air  at  62  deg. 
Fahr. 

We  thus  see  that  to  be  in  good  health  a 
man  must  have  215  cubic  ft.  of  air  per 
hour  for  his  own  use.  Sick  persons  require 
very  much  more  than  this. 
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(D.)  There  is  one  more  source  of  contam- 
ination of  the  air  of  our  houses,  which 
often  forces  itself  unpleasantly  upon  our 
notice.  I  mean  the  foul  gases  which  escape 
from  drains  and  water-closets.  It  is  not  too 
much  to  say  that  if  architect  and  builder 
always  did  their  duty,  no  foul  air  from  any 
drain  or  closet  ought  ever  to  enter  a  house, 
and  that  the  negligence  of  one  and  the  ig- 
norance, or  worse,  of  the  other,  must  be 
charged  with  a  greater  destruction  of 
human  life  and  with  causing  more  disease 
every  year  than  has  been  produced  by  the 
bloodiest  battle  recorded  in  history. 

It  is  impossible  to  estimate  correctly  the 
air  contaminated  from  this  source,  but  I 
hope  to  show  how  such  contamination  may 
be  avoided. 

As  a  summary  of  results  we  see,  that  in 
a  room  of  the  net  cubic  capacity  of  3,800  ft., 
having  a  fire  burning,  inhabited,  by  say 
six  persons,  and  lighted  by  three  gas 
lights,  there  will  be  required  every  hour, 
so  that  the  inmates  may  be  healthy,  1,694, 
or  say  1,700  cubic  ft.  of  fresh  air  at  60 
deg.  F. 

But  air  expands  ^0,  or  0.00204,  of  its 
volume  for  every  degree  F.  it  is  heated ;  it 
is  obvious  from  this  that,  assuming  the 
temperature  of  the  outer  air  to  be  32  deg. 
F.,  we  shall  not  require  to  admit  so  much 
cold  air  into  the  room  by  about  100  cubic 
ft.,  but  exit  must  be  provided  for  the  full 
quantity. 

Professor  Tyndall  gives  the  following 
table  of  expansion  of  gases  for  an  increase 
of  temperature  equal  to  1  deg.  F.  : — 

Hydrogen 0.00203 

Air 0.00204 

Carbonic  Oxide 0.00204 

Carbonic  Acid 0.00206 

Trotoxide  of  Nitrogen 0 .  00207 

Sulphurous  Acid :..  0.00217 

We  see  from  this  that  gases  obey  the 
almost  universal  law,  and  expand  with  in- 
creased heat.  Upon  this  fact  is  built  the 
whole  system  of  thermo-ventilation,  and 
upon  its  due  appreciation  depends  success 
in  this  particular  branch ;  for  it  follows 
that  as  gases  expand  so  are  their  densities 
decreased,  and  they  are  lifted  upwards  by 
the  heavier  air  without;  rising,  not  because 
they  are  light,  but  because  the  outer  air  is 
colder  and  consequently  heavier. 

The  following  is  a  table  of  specific  gravi- 
ties of  gases  taken  from  the  experiments 
and  researches  of  Regnault  and  others. 
Atmospheric  air  being  1  :  — 


Air 1.00000 

Hydrogen  Gas 0  06926 

Oxygen  Gas 1  10563 

u  "     1.11100 

Nitrogen  Gas 0.97137 

Carbonic  Acid 1  52901 

"         Oxide 0.9727 

Protoxide  of  Nitrogen 1 .  5252 

Sulphurous  Acid 2.2464 

Sulphuretted  Hydrogen 1 .  1710 

Vapor  of  Water 0. 6235 

This  table  shows  us  how  varied  are  the 
densities  of  different  gases.  Thus,  while 
hydrogen  is  more  than  14  times  lighter 
than  air,  sulphurous  acid  is  about  2  J  times 
heavier. 

There  is  another  property  of  gases  which 
merits  our  consideration  besides  that  of 
density,  and  this  is  the  power  they  have  of 
mixing  with  one  another. 

The  gases  which  compose  common  air, 
for  instance,  are  not  chemically  combined 
to  form  any  new  substance  ;  they  exist  each 
one  of  them  just  as  if  the  others  were  not 
present.  When  we  consider  this,  and  the 
fact  that  they  are  of  different  densities, 
it  would  fill  us  with  astonishment  that  they 
do  not  settle,  as  it  were,  away  from  one 
another,  the  heavier  oxygen  falling  to  the 
ground,  and  the  lighter  nitrogen  ascending 
to  the  clouds,  did  we  not  know  of  this  law 
of  combination,  which  is  called  the  law  of 
diffusion  of  gases.  Professor  Graham  ex- 
presses this  law  by  saying  that  the  diffusive 
power  varies  inversely  as  the  square  root  of 
the  density  of  the  gas  itself. 

A  simple  but  beautiful  experiment  of  the 
Professor's  illustrates  the  law. 

I  have  stated  that  in  the  room  before 
mentioned  we  require  at  certain  times — and 
all  works  should  be  calculated  for  the 
greatest  possible  duty  they  may  have  to 
perform — space  for  1,600  cubic  ft.  of  fresh 
air  to  enter,  and  far  1,700  ft.  to  leave  the 
room  every  hour. 

I  am  aware  that  any  proposal  to  admit 
cold  air  into  a  room  will  meet  with  opposi- 
tion, and  were  houses  built  upon  principles 
worthy  of  our  civilization  it  might  easily  be 
avoided.  I  think,  however,  that,  with  pro- 
per means,  the  possible  evil  may  be  so  re- 
duced as  to  be  practically  unfelt.  I  am  also 
now  treating  of  existing  houses  which  could 
not  well  be  rebuilt  or  altered. 

I  would  propose  that  in  such  houses 
where  the  want  of  ventilation  is  felt,  the 
openings  for  admission  of  fresh  air  should 
be  made  as  near  the  floor  of  each  room  as 
possible.  For  it  will  be  seen  from  what 
has  gone  before,  that  the  cold  air  will,  on 
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entering,  be  heavier  than  that  in  the  room, 
which  it  will  gradually  force  upwards  and 
out  through  the  foul  air  exit  channels. 

Many  people  will  probably  say,  "  Oh 
what  a  draft  there  would  be  to  one's  legs 
and  feet."  Doubtless  if  a  good  sized  hole 
be  cut  through  the  wall,  say  directly  oppo- 
site the  fireplace,  and  you  shut  the  door 
and  stand  between  the  opening  and  the  fire, 
very  likely  you  would  feel  rather  cool 
about  the  inferior  extremities.  But  I  do 
not  propose  a  thing  of  this  kind. 

The  fire  must  have  its  own  separate 
supply,  which  should  be  given  by  means  of 
a  pipe  leading  through  the  hearth-stone, 
as  is  sometimes  done  now,  with  the  opening 
facing  the  fire,  which  latter,  as  it  con- 
stantly acts  the  part  of  a  pump,  will  take 
care  to  get  its  own  allowance  from  the 
nearest  source. 

We  have  therefore  only  the  forcing  power 
of  the  difference  in  weight,  between  columns 
of  air,  of  equal  height,  but  of  the  different 
densities  due  to  difference  of  tempera- 
ture between  the  external  air  and  that  in 
the  room.  This  difference  I  have  assumed 
to  be  30  deg. 

This  forcing  power  will  cause  the  air  to 
enter  the  room  with  a  velocity  equal  to  that 
which  would  be  acquired  by  a  body  falling 
a  distance  equal  to  the  difference  in  height 
between  a  column  of  air  10  ft.  6  in.  high 
at  62  deg.,  in  the  case  I  have  assumed,  and 
the  same  air  at  32  deg. 

This  difference  will  be  equal  to  .643  of  a 
foot,  and  the  speed  of  the  entering  current 
will,  by  the  rule  for  falling  bodies,  be  6.43 
ft.  per  second. 

Assuming  that  all  the  air  enters  through 
one  opening,  then  about  8  sq.  in.  would  be 
sufficient.  It  will  be  obvious,  however, 
that  it  is  not  advisable  to  admit  air  at  so 
high  a  velocity  as  this,  nor  would  one  inlet 
be  so  efficient  as  several. 

I  would  propose,  then,  for  existing  rooms, 
that  the  inlets  should  be  made  in  the  side 
walls,  near  the  floor,  and  in  as  many 
different  sides  of  the  rooom  as  its  situation 
will  allow.  That  these  be  made  larger 
towards  the  room,  and  that  they  should  be 
enclosed  by  metal  gratings  made  orna- 
mental on  the  outer  and  inner  faces.  The 
sketch  marked  A  will  show  generally  what 
I  mean. 

There  is  one  point  to  which  I  would  call 
your  particular  attention,  and  this  is  the 
fine  wire  gauze  screen  shown  just  behind 
the  ornamental  front.     This  serves  a  very 


useful  purpose,  for  it  screens  and  breaks  up 
the  entering  current  of  air,  preventing  all 
drafts,  and,  if  the  openings  have  sufficient 
area,  allowing  the  incoming  air  to  mingle 
so  gently  with  that  now  in  the  room, 
that  its  presence  is  not  felt  save  in  a 
pleasant  way. 

Pig.  1. — section. 


I  attach  great  importance  to  this  screen, 
and  to  the  size  of  the  openings. 

We  must  now  proceed  to  consider  the 
best  position  for  the  exit. 

I  think  a  little  consideration  will  show  us 
that  the  heated  chimney  affords  the  best 
possible  means  under  the  circumstances. 
By  causing  the  foul  air  to  escape  into  the 
chimney  we  increase  the  ventilating  power 

Fig.  2. — elevation. — A  is  the  erratin^. 


very  considerably.  We  have  no  longer  to 
deal  with  the  small  difference  before  men- 
tioned, but  may  calculate  upon  the  whole 
height  of  the  chimney,  above  the  opening, 
through  which  the  foul  air  enters  it,  and 
have  the  difference  between  this  column  of 
air    highly   heated   as   it   is,    and   that  of 
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another  of  the  density  of  the  outer  air,  as 
the  force  at  our  disposal. 

Care  must  be  exercised  in  the  choice  of  a 
valve  to  close  this  opening  against  down 
draft.  The  best  which  has  come  under  my 
notice  is  formed  of  a  series  of  leaves  or 
of  mica    enclosed  in   a  metal  case. 


The  flaps  are  very  light,  and,  being  hung 
from  the  top,  are  absolutely  secure  against 
return  currents.  The  front  may  be  made 
as  ornamental  as  can  be  desired. 

The  heated  and  spent  air  from  the  gas 
light  should  be  conveyed  away  immediately 
when  possible. 


The  ornamental  flower  which  is  com- 
monly placed  in  the  centre  of  the  room 
may  be  pierced  through.  The  opening 
thus  formed  being  boxed  in  between  the 
joists  with  thin  sheet  metal  connected  with 
a  tube  for  conveying  the  waste  gases  into 
the  chimney  or  outer  air. 

The  register  of  the  fire  grate  will  form  a 
regulator,  by  closing  or  opening  which  the 
draft  through  the  escape  valve  may  be  in- 
creased or  diminished. 

Exercise  of  proper  skill  and  judgment  in 
the  form  and  placing  of  the  inlets,  and  in 
the  construction  of  the  exit,  will  insure 
comfortable  ventilation  in  rooms  built  with 
no  special  provision  for  it. 

The  tube  which  supplies  the  fire  should 
have  a  valve  to  close  it,  so  that  when 
necessary  the  whole  pumping  power  of  the 
fire  may  be  applied  to  sucking  in  fresh  air 
through  the  room. 

I  will  now  refer  to  the  last  source  of  con- 
tamination mentioned  above,  viz.,  foul  drains 
and  water-closets. 

Any  unpleasantness  from  the  former  will 
commonly  arise  from  faulty  design,  or  mal- 
construction.  A  drain  is  ill  designed  which 
passes   under   any   portion   of  the   house, 


unlesss  no  other  way  is  possible.  Also 
where  no  provision  is  made  for  ventilating, 
and  where  it  is  not  of  ample  size. 

A  drain  unevenly  laid,  built  of  inferior 
materials  badly  jointed,  or  not  properly 
connected  with  the  main  sewer,  is  badly 
constructed. 

Of  course,  in  use,  a  drain  may  become 
stopped  by  accident  or  design ;  this  is  an- 
other matter ;  all  works  are  liable  to  acci- 
dents, but  a  mishap  of  this  nature  will  soon 
show  itself  by  the  bursting  or  overflow  of 
the  drain. 

The  remedies  for  bad  smells  from  drains 
are,  1st,  the  proper  laying  of  the  drain.  It 
should  be  formed  of  socketed  pipes,  in  no 
case  less  than  4  in.  diameter,  6  in.  will  often 
be  better,  or  even  9  in.  pipes  for  large  houses. 
Sufficient  fall  should  be  given,  not  less,  if 
possible,  than  3  in.  in  10  ft.  The  pipes  should 
be  laid  in  good  concrete,  and  jointed  with 
Portland  cement.  2d.  The  drain  must  be 
trapped.  The  common  siphon  trap  is  the 
best  form  for  general  use,  and  I  believe  a 
single  trap  is  preferable  to  double,  for  with 
two  traps,  when  the  water  has  passed  the 
first  it  compresses  the  foul  air,  which  es- 
capes through  the  upper  one  into  the  house. 
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3d.  All  injurious  escape  may  be  prevented 
by  ventilating  the  drain.  A  pipe  should  be 
connected  with  the  siphon,  on  the  summit 
of  the  bend  between  the  water  which  closes 
the  trap  and  the  leg  of  the  siphon  which 
joins  the  drain.  This  pipe  Dr.  Carpenter 
says  should  be  of  nearly  the  same  bore  as 
the  siphon,  and  should  be  carried  up  out- 
side the  house  above  the  eaves,  as  far  from 
any  window  as  can  be.  Outside  a  chimney 
is  a  good  place,  but  the  opening  should  not 
be  above  or  near  the  top  of  the  chimney. 
Care  must  be  taken  to  make  the  joints  in 
the  pipe  gas-tight.  The  rain-water  pipes 
should  not  be  used  as  ventilators  to  the 
drains. 

Unpleasantness  from  the  water-closet  will 
almost  always  arise  from  its  position.  This, 
as  we  all  know,  is  commonly  the  very  worst 
which  could  be  found,  viz.,  under  or  close 
to  the  stairs,  the  well  of  which  forms  a  shaft 
for  conveying  foul  air  into  all  the  bed- 
chambers. 

I  have  seen  in  London  a  water-closet 
opening  into  the  dining-room,  but  even  this 
is  hardly  so  objectionable  as  the  usual  posi- 
tion. 

The  water-closet  should,  where  possible, 
be  outside  the  house.  I  do  not  mean  de- 
tached, but  separated  by  such  a  space  as 
will  allow  of  double  doors,  with  sufficient 
distance  between  them  for  ventilation. 


The  building  itself  should  also  be  thor- 
oughly ventilated. 

I  will  now  briefly  state  how  a  house 
might  be  built  so  as  to  be  efficiently  ven- 
tilated on  the  principle  of  thermo-ventila- 
tion. 

It  will  be  sufficient  to  take  one  room  as  a 
type  of  the  rest,  and  I  will  assume  that  it  is 
desirable  to  keep  up  the  old-fashioned  open 
fireplace,  wasteful  as  it  is. 

The  fresh  air  may  be  brought  directly 
through  the  outer  walls  as  in  sketch  B,  or 
may  be  first  slightly  heated  by  passing 
through  a  hot  water  coil,  or  other  ap- 
paratus. 

If  the  former  course  be  followed,  air 
bricks  must  be  inserted  in  the  outer  face  of 
the  walls  communicating  with  a  channel 
running  round  a  portion  or  the  whole  of 
the  room. 

If  warmed  air  is  desired  it  must  be 
brought  into  the  channel  through  tubes  in 
the  wall. 

The  inner  channel  should  be  formed  by  a 
cast-iron  box,  with  an  ornamental  open- 
work front,  and  without  a  back.  The  front, 
which  may  be  of  brass,  should  be  fastened 
so  as  to  be  readily  removable.  The  fine 
wire  gauze  screen  being  fixed  as  shown  in 
Fig.  2. 

The  exit  for  foul  air  should  be  through 
open  work  in  the  ceiling,  as  shown  in  Figs.  4, 


Fig.  4 


5  &  6.  This  openwork  might  either  be  done 
in  plaster  similar  to  the  centre  ornament, 
or  fine  brass  wire  gauze  might  be  inserted 
in  the  cornice.  The  foul  air  would  pass 
through  this  into  the  spaces  between  the 
joists,  when  the  sound  boarding  and  pug- 
ging will  prevent  its  ascending  into  the  upper 


rooms.  From  these  spaces  it  would  pass 
into  a  cast-iron  channel  running  round  the 
room,  which  would  communicate  with  the 
chimney  or  air  flue,  or  in  some  cases  directly 
with  the  outer  air.  The  openings  into  the 
chimney  or  air  flue  must  be  fitted  with 
valves,  as  before. 
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I  believe  it  would  be  easy  to  construct  a 
chimney  having  all  the  advantages  of  a 
chimney  and  air  flue  combined. 

Fig.  5.— section. 


A  tube  should  be  inserted  in  the  brick 
trimmer  giving  immediate  communication 
with  the  fire  above,  which,  when  lighted, 
would  aid  the  ventilation  of  the  lower  room. 

All  large  houses  should  have  a  special 
ventilating  shaft,  communicating  by  means 


of  pipes  and  valves  with  every  room  in  the 
house.  If  thermo-ventilation  alone  is  in- 
tended, a  fire  must  be  kept  burning  at  the 
base  of  the  chimney,  the  only  supply  of  air 
to  which  must  come  through  the  tubes. 

Some  day,  perhaps,  we  may  have  venti- 
lating shafts  for  every  street  or  block  of 
houses.  We  provide  for  the  carrying  away 
of  foul  water,  why  not  of  foul  air?  The 
one  is  just  as  harmful  as  the  other.  Per- 
haps, too,  though  this  belongs  rather  to 
warming  than  ventilation,  we  may  some 
day  see  but  one  fire  to  each  house,  and 
even  one  chimney.  Nay  I  will  go  further, 
perhaps  one  chimney  to  a  great  number  of 
houses,  perhaps  even  one  to  a  town !  This 
may  seem  a  speculative  flight;  but  had 
coals  been  very  dear  instead  of  cheap,  I 
feel  sure  our  present  wasteful  system  would 
not  have  lasted  long. 

Before  quitting  the  subject  of  house 
ventilation,  I  will  notice  one  fruitful  source 
of  annoyance,  which  is  often  closely  con- 
nected  with  defective  ventilation,  I  mean 


B  B — Air  tubes  to  fire. 
C  C — Fresh  air  inlets. 
D  D — Fresh  air  channels. 


smoky  chimneys.  Want  of  air  causes  per- 
haps more  chimneys  to  smoke  than  any 
thing  else,  and  before  any  one  sets  to  work 
to  alter  the  chimney  in  any  respect,  it  is 
better  to  see  whether  it  is  not  more  air  that 
is  wanted.  This  may  be  easily  done  by 
trying  the  fire  with  a  door  or  window  open, 
and  with  the  same  shut.  If  in  the  latter 
case  the  fire  smokes,  while  in  the  former  it 
does  not,  then  want  of  air  is  the  cause. 
Care  must,  however,  be  taken,   as  to  what 


window  is  open,  as  gusts  of  wind  or  a  cross 
draught  will  often  cause  the  fire  to  smoke. 

For  churches,  schools  •  and  factories, 
thermo-ventilation  may  be  used,  but  proba- 
bly the  fan,  or  blowing  wheel,  will,  in  many 
cases,  be  more  efficient  and  economical. 

I  believe  it  is  in  use  in  some  buildings  in 
London  with  very  satisfactory  results. 

Its  useful  effects  will  vary  with  the  size 
of  the  wheel  and  the  speed  at  which  it  is 
driven,   and  in  designing    a   fan  it  should 
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be  borne  in  mind,  that  a  large  fan  and  low  result.  With  sewers,  as  in  other  cases, 
speed  is  generally  better  than  a  small  one  ventilation  must  be  subject  to  niodifica- 
and  high  speed,  chiefly  on  account  of  the  I  tions. 

vibration  caused  by  gearing  running  at  In  villages  and  small  towns  where  pipe 
great  velocities.  The  motive  power  may  be  ;  sewers  are  alone  employed,  small  ventilat- 
either  steam,  water,  or  a  weight  which  can  ;  ing  shafts  carried  up  the  nearest  building, 
be  wound  up  as  occasion  may  require.  tree,  or  other  suitable  object,  will  answer 

It   is   impossible   here   to   even  refer  to    the  purpose,  viz.,  that  of  relieving  the  sew- 
many  noxious  manufactures,  chemical  and  |  ers  of  any  pressure  of  gas. 


otherwise.  But  of  this  we  may  be  sure, 
that  if  they  are  prevented  by  law  from 
polluting  the  atmosphere,  the  science  of 
chemistry  is  quite  equal  to  finding  a 
remedy,  and  even  to  converting  the  noxious 
fumes  into  useful  products. 

There  is  an  objection  to  thermo-ventila- 
tion,  which  does  not  apply  to  the  fan, 
viz.,  that,  as  it  usually  depends  for-  action 
upon  the  difference  in  temperature  be- 
tween the  inner  and  outer  airs,  so  in 
summer  it  may  come  to  a  stop,  or  be  even 
reversed. 

This  objection  is  not  of  much  weight,  as 
people  are  far  oftener  out  in  the  air  in  sum- 
mer, and  at  night  when  gas  or  candles 
are  lighted  ventilation  would  commence 
again. 

A  special  shaft  would  preserve  the  action 
constant  all  the  year  round,  though  most 
active  in  winter. 

The  fan  is  probably  the  leading  instru- 
ment in  mechanical  ventilation. 

Box  states  that  a  fan  5  ft.  in  diameter 
running  at  a  speed  of  50  revolutions  per 
minute  will  discharge  2,250  cubic  ft.  of  air 
in  that  time,  while  a  fan  of  10  ft.  diameter 
at  25  revolutions  per  minute  will  discharge 
9,000  cubic  ft. 

The  third  case  I  mentioned  above  was 
that  of  sewers.  It  may  be  considered 
established  that  the  exhalations  from  fresh 


Their  useful  effect  will  be  increased  by 
the  Archimedean  screw  cap  as  used  in 
Liverpool,  and  a  wire  basket  containing 
charcoal  may  be  beneficially  placed  when 
the  gas  must  pass  through  it. 

Large  brick  sewers  must  not  only  be 
relieved  of  pressure,  but  must  be  clear 
enough  for  men  to  work  in  them. 

In  London  we  all  know  how  they  are 
supposed  to  be  kept  clear  of  foul  gas,  that 
is  by  the  numerous  open  gratings  which 
are  seen  in  every  street. 

This  would  seem  at  first  sight  a  rude 
method  and  a  dangerous  one.  Experience, 
however,  teaches  us  that  the  evils  naturally 
to  be  expected  from  such  a  system  are  not 
so  serious  in  practice  as  the  nature  of 
sewer  gases  would  lead  us  to  think.  Xo 
doubt  the  diffusive  property  of  gases  has 
much  to  do  with  this  favorable  result.  By 
the  proper  use  of  charcoal  it  is  stated  that 
the  possible   evil  is  reduced  to  a  minimum. 

I  do  not  think  any  inseparable  difficulty 
would  be  encountered  in  applying  mechani- 
cal ventilation  to  sewers.  Certainly  there 
is  the  cost,  but  this  should  not  stand  in  the 
way  for  a  moment  where  the  public  health 
is  concerned.  Let  those  in  authority  say 
it  must  be  done,  and  I  feel  sure  the  way 
would  soon  be  found. 

A  sewer  6  ft.  in  diameter  and  five  miles 
long  will  contain  7-16,000  cubic  ft.   of  air, 


sewage  are  not  injurious,  but  it  is  equally  but  after  deducting  one-third  for  space  occu- 
sure  that  those  from  putrid  sewage  are  {  pied  by  sewage  water,  497,550  cubic  ft. 
highly    poisonous.     Of  all    of    them    sul-  |  would  be  the  quantity  left  to  be  dealt  with. 


phuretted  hydrogen  may  be  fairly  con- 
sidered the  most  deadly.  This  gas  is 
slightly  heavier  than  air,  hence  it  is  more 
difficult  to  remove  than  the  lighter  gases. 

According  to  Thenard,  a  proportion  of 
y-Vtj  of  sulphuretted  hydrogen  in  the  air 
will  kill  a  bird,  j^Vo  a  dog?  an(i  ts  o  a 
horse. 

Some  of  the  gases  generated  in  sewers 
are  explosive  when  mixed  with  the  atmos- 
phere, hence  it  would  be  dangerous  to 
introduce  them  into  factory  chimneys. 
The  experiment  was  tried  in  Southwark 
with  the   blowing  up  of  the  furnace  as  the 


As  mentioned  above,  a  fan  10  ft.  in  diame- 
ter will  remove  9,000  cubic  ft.  of  air  per 
minute,  so  that  the  entire  quantity  in  the 
sewer  might  be  changed  once  every  56 
minutes.  Certainly  nothing  like  this  would 
be  required. 

Practical  difficulties  would,  no  doubt,  be 
encountered,  especially  in  regulating  the 
admission  of  air  into  the  sewers,  the  posi- 
tion of  the  fan,  the  construction  of  side 
entrances,  gullies,  etc. ;  but  these  difficulties 
must  be  encountered  and  overcome  if  we 
wish  to  apply  mechanical  ventilation  to  the 
sewers  of  London.     I  am  aware  that  there 
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is  nothing  new  in  this  proposed  method  of 
ventilating  sewers,  as  it  was  suggested  by 
Mr.  Gribbs,  I  believe  in  1871,  when  it  was 
met  by  objections  that  unless  every  gully 
or  air  hole  were  stopped  up  when  the  fan 
was  at  work,  the  air  would  enter  the  sewers 
at  the  nearest  inlet  with  great  velocity, 
which  would  diminish  the  further  the  dis- 
tance was  from  the  fan. 

I  think,  however,  it  is  not  beyond  the 
engineering  talent  of  the  country  to  devise 
inlets  which  shall  admit  the  air  to  sewers 
in  such  proportions  and  at  such  places  as 
may  be  required. 


The  difficulty  would  be  much  diminished 
if  a  system  of  sewers  had  but  one  or  two 
outlets  ;  and  if  the  sewers  were  used  simply 
for  sewage  and  not  for  surface  and  subsoil 
water,  the  difficulty  would  be  very  small 
indeed. 

The  same  objections  will,  moreover,  apply 
to  any  system  of  artificial  ventilation  for 
sewers,  whether  it  be  by  the  furnace  or  by 
simple  ventilating  shafts. 

The  following  table,  compiled  by  Mr. 
Haywood,  C.  E.,  showing  the  temperature 
of  the  City  sewers,  will  not,  I  think,  be  out 
of  place : — 


Time  of  Year. 

External  Temperature  in 
Shade. 

Temperature  in  Sewer. 

o  — 

Below  External 
Temperature. 

Highest. 

Lowest. 

Mean. 

Hi^h. 

Lew. 

Mean. 

Summer 

72° 

34 

61 
68 

55 

30 
46 
48 

65.04 
32  37 
52.46 
59.90 
50.24 

68 
52 
59 
70 

56 
40 
48 
53 

61.92 
43.98 
52.52 
62.97 
55.35 

'"  "ii.ei" 

0  06 
3  07 
5  11 

3  12 

Winter 

Spring 

Autumn 

Average  of  year 



The  table  shows  us  we  cannot  at  all  1 
seasons  rely  on  the  superior  temperature  of ' 
the  sewers  for  ventilation. 

The  last  part  of  my  subject  presents ' 
fewer  difficulties,  I  think,  than  the  sewers.    I 

No  description  of  the  way  in  which  under- ' 
ground  railways  are  now  ventilated  need  be  j 
entered  into. 

We  are  all  acquainted  with   the  stifling  j 
atmosphere  underground,  and  the  choking,  I 
burning-matches  odor  which  pervades  the  ! 
stations  and  streets  near   them.     The  in- ' 
sertion   of  iron   grids  in  the  roofs  of  the 
tunnels  and  the  discharge  of  the  noxious 
vapor  and  steam  into  the  streets  can  hardly  ; 
be  considered  a  satisfactory  solution  of  the 
question. 

I  believe  we  must  here  call  mechanical 
ventilation  to  our  aid.    But  first,  let  us  con- ! 
sider  the  condition  of  the  structure  we  are 
going  to  treat. 

Taking  one  of  the  metropolitan  railways  ' 
as  a  type,  we  see  it  consists  of  a  series  of 
tunnels,   and  open  or    semi-open  stations.  I 
The  foul  air  is  generated  chiefly  during  the 
passage  of  trains  through  the  tunnels,  and 
a  certain  quantity  of  this  foul  air  is  thrust  i 
into  the  station  by  the  train  as  it  enters  the 
further  end  of  the  tunnel.     This  foul  air, 
being   heated,   slowly   ascends,    filling   the  j 
streets  and  neighboring  houses. 


The  stations  are  nothing  more  than 
dwarf  ventilating  shafts  in  which  the  pas- 
sengers are  partially  stifled  previous  to  the 
completion  of  the  process  in  the  tunnel. 

Having  stated  the  conditions  of  the 
structure,  let  us  consider  what  is  required  to 
be  done. 

First,  we  have  a  certain  quantity  of  foul 
air  to  get  rid  of  without  harm  or  annoyance 
to  the  public.  Secondly,  the  stations  must 
be  kept  so  clear  as  to  allow  of  passengers 
using  them  with  comfort.  And  thirdly, 
circulation  of  air  should  be  maintained  in 
the  tunnels,  which  should  be  kept  as  sweet 
as  possible,  not  only  for  the  sake  of  the  pas- 
sengers, but  for  the  workmen  also,  and  for 
the  greater  security  of  the  public  against 
accidents. 

It  seems  to  me  that  these  objects  will  be 
best  accomplished  by  reversing  the  present 
system,  turning  the  stations  into  downcast 
shafts,  and  drawing  the  foul  air  away  at  the 
middle  of  the  tunnels. 

A  little  consideration  will  show  how  a 
series  of  tunnels  might  be  connected  to- 
gether by  what  might  be  called  air  sewers, 
and  the  foul  gases  led  to  one  or  more  pump- 
ing stations,  there  to  be  forced  up  high 
chimneys. 

The  pumps  might  be  either  air  pumps, 
such  as  are  I  believe  used  in  some  Belgian 
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collieries,  or  machinery  similar  to  Nixon's 
ventilator,  or  one  of  the  many  kinds  of  fan. 

Some  of  these  machines  are  very  power- 
ful. At  the  navigation  pit,  near  Aberdare, 
Mr.  Smyth  gives  the  theoretical  quantity  of 
air  expelled  per  minute,  by  one  of  Nixon's 
machines,  at  166,000  cubic  ft.  In  Belgium 
many  fans  of  enormous  power  are  at  work 
ventilating  coal  mines. 

The  chief  difficulty  is  the  expense,  but  I 
submit  this  ought  not  reasonably  to  stand 
in  the  way. 

I  believe,  however,  that  a  plan  could  be 
found,  which  would  accomplish  the  object 
at  no  very  extravagant  outlay. 

I  have  said  nothing  about  ventilating 
ordinary  railway  stations,— first,  because  it  is 
difficult,  if  not  impossible,  to  apply  any 
system  to  a  building  which  sometimes  con- 
sists of  but  one  wall,  and  a  part  of  a  roof ; 
and  secondly,  when  the  station  is  of  greater 
pretention,  it  is  almost  always  open 
at  both  ends,  and  has  usually  a  great  deal 
too  much  air  in  it  already. 

Free  escape  for  steam  must  be  provided, 
and  I  think  a  good  example  of  roof  for  this 
purpose  was  shown,  to  those  of  the  mem- 
bers who  visited  the  Great  Eastern  Rail- 
way extension  works,  on  Friday  last,  at  the 
low  level  station  at  Shoreditch. 

In  conclusion,  I  would  again  insist  on 
the  deep  importance  of  the  subject  espe- 
cially to  Engineers  and  Architects.  The 
limits  of  my  space,  not  to  mention  other 
causes,  have,  I  am  well  aware,  prevented 
justice  being  done  to  it;  but  the  object  of  a 
paper  like  this,  is  more  to  put  forward 
sound  principles  and  throw  out  ideas,  which 
may  when  opportunity  requires  be  worked 
out  to  good  purpose,  than  to  lay  down 
schemes  to  meet  every  or  any  particular 
case. 

Since  the  foregoing  paper  was  read  before 
the  Society  of  Civil  and  Mechanical  Engi- 
neers it  has  been  suggested  that,  with  some 
additions,  it  would  form  a  pamphlet,  useful 
to  more  general  readers  than  those  for 
whom  it  was  originally  intended.  All 
scientific  men  acknowledge  the  necessity  of 
ventilating  dwelling-houses  and  buildings 
such  as  are  mentioned  in  the  paper,  but 
with  the  general  public  it  is  unfortunately 
far  otherwise,  and  one  of  the  greatest  diffi- 
culties to  be  encountered  in  the  progress 
towards  a  complete  and  perfect  sanitary 
condition  is  this  inertia  of  those  most  inter- 
ested. Difficulties  are,  however,  only  made 
to  be  overcome,  and  it  is  in  the  hope   of 


doing  something,  however  little,  towards 
overcoming  this  particular  difficulty  that  I 
venture  to  trespass  further  on  the  patience 
of  the  reader,  and  I  propose  to  confine  these 
remarks  to  the  sanitary  condition  of  our 
houses  as  being  the  subject  of  most  im- 
mediate importance  to  the  general  public, 
for  ventilation  of  such  structures  as  fac- 
tories, railway  tunnels,  and  sewers,  though 
of  great  moment,  must  be  left  in  the  hands 
of  the  Engineer  who  designs  them,  each 
case  being  treated  upon  its  own  merits  and 
with  due  regard  to  its  peculiarities.  All 
the  public  can  do  in  such  instances  is  to 
insist  that  there  shall  be  ventilation  of  some 
sort. 

All  persons  readily  admit  as  a  truism,  that 
they  cannot  live  without  air,  but,  unfortu- 
nately, they  seldom  get  much  beyond  the 
bare  admission.  Air  is  not  treated  by 
them  as  a  substance  requiring  space  as 
solids  or  liquids  do,  and  means  of  passage 
into,  or  out  of,  rooms,  churches,  etc.,  just  as 
much  as  water  requires  pipes  or  channels 
to  allow  it  to  flow  into  or  out  of  reservoirs. 
With  most  persons  air  seems  to  be  an  ab- 
stract idea  rather  than  a  substance  of  vital 
consequence  to  the  whole  living  creation. 

I  have  stated  in  the  paper  that  air,  which 
has  once  passed  through  the  lungs  is  unfit 
to  be  respired  again,  just  as  unfit  as  any 
other  substance  which  has  once  passed 
through  the  system  is  to  be  used,  as  it 
were,  over  again.  So  that,  were  there  no 
other  source  of  contamination  to  the  air  of 
a  building,  ventilation  would  be  rendered 
necessary  by  the  very  presence  of  living 
beings.  As  it  is,  however,  there  are  so 
many  other  evil  influences  at  work  in  most 
houses  and  other  buildings  that  the  neces- 
sity is  made  far  more  absolute. 

It  is  usually  only  in  times  of  panic,  caus- 
ed by  the  approach  or  presence  of  some 
fearful  epidemic,  or  of  a  calamity  such  as 
last  year  threatened  this  nation,  that  people 
seriously  turn  their  attention  to  sanitary 
matters,  and  at  times  like  these  they  accept 
the  wildest  schemes  and  act  upon  the 
crudest  notions  until,  finding  matters  are 
no  better,  and  perhaps  rather  worse  than 
before,  and  the  fright  beginning  to  wear 
off,  they  relapse  into  carelessness,  and  vote 
sanitary  science  all  nonsense.  I  think 
defective  education  is  responsible  for  a 
great  deal  of  this.  I  do  not  intend  to  as- 
sert that  the  generality  of  people,  at  any 
rate  in  the  upper  and  middle  classes,  are 
what  is  commonly  called  ignorant;  probably 
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most  of  those  who  would  be  willing  to  turn 
their  attention  to  sanitary  matters,  not  be- 
ing professionally  engaged  in  them,  have 
had  at  least  the  usual  amount  of  education, 
as  the  term  is  commonly  understood.  The 
three  E-'s  are  familiar  to  them  as  are  also 
mathematics,  Greek,  and  Latin,  and  they 
can  probably  converse  in  one  or  more  of  the 
modern  languages,  but  what  may  be  called 
the  science  of  living,  i.e.,  how  life  is  sustain- 
ed, and  the  reasons  why  sanitary  matters 
should  be  so  carefully  attended  to  in  order 
that  health  and  strength  may  be  insured, 
are  things  of  which  comparatively  few  know 
anything  at  all. 

In  this  paper  I  wish  to  impress  upon  the 
reader  the  very  great  importance  of  pure 
air  to  the  human  body,  and  to  show  how 
such  air,  or  as  pure  as  the  district  affords, 
may  be  insured  in  our  houses. 

It  has  been  stated  before,  that  one  of  the 
elements  of  the  atmosphere  unites  in  our 
bodies  with  certain  of  the  elements  compos- 
ing the  food  we  eat.  This  union  of  elements 
is  a  true  combustion,  though  a  slow  one,  as 
true  and  real  as  the  combustion  of  coals  in 
a  fire  grate. 

Our  food,  having  been  decomposed  in 
the  body,  is  brought  into  a  state  proper 
for  sustaining  life  and  animal  heat  in  us 
when,  as  venous  blood,  it  is  submitted  to 
the  purifying  action  of  oxygen  brought 
into  the  body  by  the  lungs.  Without  the 
element,  oxygen,  which  I  have  before  stated 
forms  part  of  the  atmosphere,  this  purifica- 
tion could  never  take  place,  for  the  other 
gases  have  no  power  of  the  kind.  It  will 
be  obvious  upon  consideration  that  if  a  por- 
tion of  oxygen  in  the  air  we  have  breathed 
has  united  with  elements  composing  our 
food,  that  portion  is  removed  from  the 
atmosphere  and  must  be  replaced  if  breath- 
ing is  to  be  continued. 

I  will  here  explain  for  the  benefit  of 
persons  who  may  be  wholly  unacquainted 
with  chemistry,  what  is  meant  by  the  term 
"  element."  The  ancients  held  that  there 
were  four  elements,  or  simple  bodies,  viz., 
earth,  air,  fire  and  water,  but  the  progress 
of  chemical  knowledge  soon  revealed  the 
fact  that  these  were  not  elementary  bodies 
at  all,  three  of  them  being  compound,  while 
the  fourth,  fire,  may  be  more  properly  de- 
scribed as  a  condition  of  matter.  An  ele- 
ment is  a  body  which  cannot,  as  far  as  we 
know,  be  divided  or  decomposed.  It  is 
unalterable  and  indestructible,  and  is  there- 
fore called  a  simple  body  or  element. 


Elements,  however,  combine  with  one 
another,  and  lose  their  individuality,  so  to 
speak,  in  the  compound.  Thus  two  simple 
bodies,  gases,  hydrogen  and  oxygen,  unite 
in  certain  definite  proportions  and  form 
water ;  but  the  water  can  be  again  decom- 
posed into  its  constituents. 

Air,  although  I  have  called  it  a  com- 
pound, is  not,  chemically  speaking,  strictly 
so  ;  it  is  a  mixture  of  gases  which  preserve 
their  individuality  as  sand  and  sugar  would 
do  if  they  were  mixed  in  a  vessel. 

We  are  at  present  acquainted  with  more 
than  sixty  elements  or  simple  bodies. 

But  to  return  to  the  atmosphere.  It 
must  not  be  imagined  that  we  remove  all 
the  oxygen  from  the  air  we  breathe ;  on  the 
contrary,  the  removal  of  a  small  percentage 
renders  air  incapable  of  supporting  life,  and 
a  still  less  diminution  causes  the  difference 
between  fresh  air  and  vitiated. 

I  have  said  a  good  deal  about  the  effect 
which  the  act  of  breathing  has  upon  the 
atmosphere,  because  I  want  to  make  very 
clear  the  fact  that  the  same  air  should  not 
be  respired  more  than  once,  and  that  it 
cannot  be  so,  even  in  part,  without  danger 
to  health.  The  other  results  of  respiration, 
viz.,  carbonic  acid  and  water,  have  been 
mentioned  before,  and  it  was  shown  that 
they  contributed  to  foul  the  air. 

I  think  we  may,  without  serious  error, 
divide  noxious  gases  into  two  classes, 
placing  those  which  are  negatively  poisonous 
in  one  class,  and  those  which  are  positive- 
ly, or  actively,  so  in  the  other.  To  the 
former  belong — as  types — carbonic  acid  and 
nitrogen,  both  of  which,  though  not  in 
themselves  injurious,  are  incapable  of  sup- 
porting life;  so  that  an  atmosphere  com- 
posed wholly  of  these  gases,  or  containing 
them  in  undue  proportion,  is  fatal,  from  its 
negative  qualities,  to  living  beings.  Car- 
bonic acid  gas,  as  before  explained,  is  one 
of  the  products  of  combustion  and  respira- 
tion, while  nitrogen  forms  79  per  cent,  of 
the  volume  of  the  atmosphere.  Its  nega- 
tive qualities  are  there,  however,  counter- 
balanced by  the  presence  of  oxygen. 

With  gases  of  the  second  class  the  case 
is  very  different.  Some  of  them — such,  for 
instance,  as  sulphuretted  hydrogen  and 
carbonic  oxide — are  fearfully  active  poisons. 
The  former  exists  in  putrid  eggs,  and  some 
other  animal  and  vegetable  matters  ;  also 
in  certain  waters,  called  hepathic,  such  as 
those  of  Harrowgate.  It  is  usually  formed 
in  the  putrefaction  of  vegetable  and  animal 
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matters ;  hence  it  is  found  in  sewers,  and 
especially  in  cesspools  and  similar  places 
where  accumulations  of  this  filth  take  place. 
During  the  emptying  of  such  receptacles, 
workmen  sometimes  suffer  from  asphyxia, 
or,  as  the  French  call  it,  "  le  plomb " 
(probably  from  the  oppression  on  the  chest 
which  accompanies  it).  Parent  Duchatelet 
states  that  the  symptoms  of  poisoning  by 
sulphuretted  hydrogen  are  very  alarming, 
for  "  the  individual  is  either  seized  sud- 
denly, and  dies  instantly,  or,  if  the  quantity 
of  deleterious  gas  is  too  little  to  bring  in- 
stant death,  the  asphyxiated  person,  suddenly 
losing  consciousness,  is  taken  with  convul- 
sive movements  or  other  very  grave  nervous 
disturbances,  and  it  is  only  after  several 
days  that  he  recovers  perfect  health."  The 
presence  of  sulphuretted  hydrogen  is  readily 
detected  by  its  odor,  which  resembles  that 
of  rotten  eggs;  but  it  is  soothing  in  its 
nature  if  inhaled,  which  renders  it  especial- 
ly dangerous  when  escaping  into  rooms 
where  persons  are  sleeping. 

It  will  be  seen,  then,  of  what  extreme 
importance  is  the  prevention  of  the  passage 
of  sewer  gases  into  our  houses,  and  I  have 
entered  somewhat  fully  into  the  properties 
of  these  foul  gases,  because  I  wish  to  show 
clearly  that  they  are  not  things  to  be  trifled 
with. 

Carbonic  oxide  is,  like  carbonic  acid,  a 
product  of  the  combustion  of  carbon,  or  the 
union  of  carbon  with  oxygen,  but  the  pro- 
portion of  oxygen  is  less  in  the  former  than 
in  the  latter  compound.  Carbonic  oxide, 
though  a  dangerous  gas,  need  not  be  con- 
sidered at  length  here,  as  it  does  not,  I 
believe,  exist  in  sewers,  and  is  very  seldom 
found  in  houses.  It  cannot,  like  sulphuret- 
ted hydrogen,  be  detected  by  its  smell,  as  it 
is  inodorous  as  well  as  colorless  and  taste- 
less. Carbonic  oxide  burns  with  a  blue 
flame,  which  probably  most  people  have 
noticed  at  some  time  or  other,  either  play- 
ing over  burning  charcoal  or  dancing  upon 
an  ignited  lime  kiln. 

I  must  now  leave  this  part  of  the  subject 
and  say  a  few  words  useful,  I  hope,  to 
those  who  are  about  to  choose  a  house, 
whether  as  tenants  or  purchasers,  and  in 
doing  so  I  may,  perhaps,  travel  somewhat 
away  from  ventilation. 

The  first  consideration,  after  settling 
which  town  or  part  of  the  country  it  is  de- 
sired to  live  in,  should  be  the  situation  of 
the  house,  i.e.,  not  only  its  aspect,  but  the 
condition  of  the  soil  on  which  it  stands,  and 


its  position  with  regard  to  any  ponds, 
streams,  rivers,  or  other  natural  features. 

Taking  first  the  aspect.  It  is  generally 
considered  that  a  house  is  most  favorably 
situated  when  its  principal  front  is  towards 
the  south-east,  for  it  then  gets  the  morning 
sun,  while  the  rooms  are  sheltered  to  a 
great  extent  from  the  midday  heat.  The 
south-west  is  the  rainy  quarter  in  the 
country,  and  should,  therefore  be  avoided. 
A  gravel  soil  is  commonly  to  be  preferred 
to  any  other,  although,  I  believe,  that  in 
towns  which  are  well  sewered  and  drained, 
the  nature  of  the  soil  is  not  of  so  much  im- 
portance ;  indeed,  one  might  readily  ima- 
gine a  case  in  which  a  gravel  soil  would  be 
anything  but  a  benefit — as,  for  instance, 
where  there  is  a  pond  near  the  house,  and 
on  about  the  same  level,  or  in  towns  where 
percolating  cesspools  are  the  fashion. 
Running  water  near  a  house  is  not  objec- 
tionable, indeed  many  persons  consider  it 
rather  beneficial  than  otherwise  ;  but  before 
taking  the  house,  care  should  be  exercised 
in  ascertaining  that  the  water  is  free  from 
sewage  contamination,  especially  if  it  be  a 
small  stream,  or  liable  to  dry  up  in  summer. 
Stagnant  ponds  should  always  be  avoided, 
especially  if  the  house  is  on  nearly  the 
same  level. 

With  regard  to  artificial  sanitary  condi- 
tions, as  distinguished  from  natural  situa- 
tion, soil,  etc.,  the  first  question  to  be 
asked  of  the  landlord  should  be  as  to  a 
good  water  supply  to  the  house  other  than 
from  wells  on  the  premises.  There  being 
no  such  supply,  nor  means  of  laying  one  on, 
would  certainly  be  against  the  house,  inas- 
much as  where  there  are  no  water  works, 
there  is  generally  no  system  of  sewerage, 
and  it  may  safely  be  said  that  in  any  un- 
sewered  town  there  is  hardly  a  well  the 
water  of  which  is  fit  to  drink  ;  to  say  noth- 
ing of  the  labor  of  pumping  water  into 
cisterns,  etc.  From  this  follows,  naturally, 
the  question  as  to  the  sewerage  of  the  town 
or  village.  If  there  is  no  system  of  sewers, 
I  would  say,  "live  anywhere  else  if  you 
possibly  can,"  for  the  absence  of  sewerage 
indicates  the  existence  of  some  form  of  cess- 
pool, an  evil  so  great  that  nothing  but  abso- 
lute necessity  should  cause  any  person  to 
take  a  house  to  which  a  cesspool  is  attached. 
I  say  "some  form  of  cesspool,"  for  I  am 
quite  aware  that  there  are  schemes  which 
profess  to  do  away  with  water-closets,  and 
cesspools,  and  partially  with  sewers,  but 
upon  examination,   they  will  all  be  found 
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wanting  in  some  material  point.  Among 
these  plans  are  the  "  dry  earth "  and 
"  pail "  systems,  both,  in  my  opinion,  but 
forms  of  cesspools.  If  the  town  or  village 
is  sewered,  the  first  point  is  to  make  sure 
that  the  house  drains  are  properly  connect- 
ed with  the  sewers.  It  is  no  uncommon 
thing  for  the  drain  to  be  carried  from  the 
house  to  the  outside  of  the  sewer,  and  to 
stop  then,  being  thus  rather  worse  than 
useless.  The  bricklayer  would  probably 
call  this  "leaving  another  job."  After 
seeing  that  the  connection  is  properly  made, 
i.  e.,  that  the  pipe  really  passes  into  the 
sewer,  the  next  thing  to  be  done  is  to  find 
out  of  what  the  house  drain  is  made,  or 
how  it  is  laid.  These  points  I  have  alluded 
to  before,  and  shall  therefore  pass  them 
over  here.  Next,  make  sure  that  the 
house  drains  are  properly  ventilated.  The 
landlord  or  builder  will  probably  tell  you 
that  they  are  "  trapped  "  and  that  no  foul 
gas  can  pass  the  trap.  This  is  a  great 
delusion,  and  should  not  be  listened  to  for 
a  moment.  The  trap  is  a  very  useful  and 
necessary  thing,  but  it  must  not  be  expected 
to  do  more  than  it  can,  and  in  order  to  make 
this  clear,  I  will  explain  what  the  common 
siphon  trap  is,  viz.,  a  bent  pipe  generally 
of  the  form  shown  in  section  in  the  sketch. 

Fig.  7. 


The  common  trap  lias  not  the  ventilating  pipe  B. 

These  pipes  always  retain  a  certain  quantity 
of  water  (indicated  by  shading  in  the  figure) 
when  in  use,  in  the  dip  or  bend.  It  will 
be  observed  that  the  upper  part  of  the  pipe 
dips  into  the  water  which  completely  fills 
the  bend,  and  the  water  is  sometimes  said  to 
"  seal"  the  trap,  and  it  is  assumed  that  it 
will  entirely  prevent  any  gases  from  pass- 
ing into  the  house.  A  little  consideration 
will  show,  however,  tnat  if  the  gas  is  gene- 
rated in  such  quantities  as  to  cause  any 
considerable  pressure  in  the  sewers,  it  will 
readily  pass  through  the  water  into  the 
house.  That  this  has  actually  happened, 
the  following  incident  recorded  by  Dr. 
Carpenter  will  show.     The  ventilating  pipe 


spoken  of  was  in  fact  doing  duty  as  a  water- 
pipe  from  the  cistern !  "On  the  night  of 
October  17th  I  was  aroused  by  a  loud  noise 
proceding  from  the  closet;  it  continued 
at  intervals  throughout  the  next  day. 
Unable  at  first  to  account  for  it,  I  event- 
ually found  that  it  was  caused  by  the 
ventilating  pipe  doing  duty  as  water-pipe 
to  the  overflowing  cistern  (during  a  very 
heavy  rainfall).  There  was  no  room  for 
exit  of  foul  air  from  the  sewer,  which, 
therefore,  was  forced  through  the  trap  of 
the  water-closet,  with,  at  times,  the  force  of 
steam  through  the  safety-valve  of  a  steam- 
engine.  The  nuisance  continued  for  nearly 
three  days  before  the  weather  would  allow 
the  plumber  to  rectify  a  mistake  which  had 
been  committed  in  the  previous  summer, 
the  mistake  of  making  the  ventilating-pipe 
do  duty  for  a  water-pipe."  Dr.  Carpenter 
then  says  that  owing  to  there  being  no 
particular  smell,  this  escape  was  tolerated, 
but  in  two  or  three  days  the  occupants  of 
the  house  were  attacked  by  typhoid  fever, 
and  that  in  many  other  parts  of  the  town 
enteric  disease  appeared  at  the  same  time. 

The  traps  should  be  ventilated,  and  the 
ventilating  pipe  should  not  open  into  the 
house.  I  know  no  better  means  of  venti- 
lating the  trap3  than  that  I  have  before 
described,  and  as  s,hown  in  the  figure 
above.  In  this  A  is  the  trap  and  B  the 
ventilating  pipe,  the  arrows  indicate  the 
direction  of  the  flow  of  sewage  from  the 
house  to  the  sewers.  It  will  be  obvious 
that  if  any  accumulation  of  gas  takes  place 
in  the  sewers,  it  will  pass  up  the  ventilating 
pipe  B,  instead  of  forcing  the  trap  and  flow- 
ing into  the  house.  Therefore,  insist  on 
the  drains  being  ventilated,  or  do  not  take 
the  house. 

There  are  several  kinds  of  trap,  but  the 
principle  of  all  is  nearly  the  same. 

Having  settled  these  preliminaries,  let 
us  consider  the  house  itself,  and  examine  it 
carefully. 

I  need  hardly  say  that  this  can  scarcely 
be  done  satisfactorily  by  the  intending 
tenant  or  purchaser,  unless  he  has  a  far 
greater  knowledge  of  building  and  sanitary 
matters  than  fails  to  the  lot  of  most  non- 
professional men,  but  much  may  be  ac- 
complished by  the  diligent  use  of  eyes,  and 
nose  especially,  if  they  are  used  in  the  right 
way. 

The  foundations  and  basement  may  rea- 
sonably claim  attention  first.  Under  all 
the  walls  there  should  be  a  mass  of  good 
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concrete,  and  the  whole  area  on  which  the 
house  stands  should  be  covered  with  the 
same  in  a  layer,  not  less  than  6  in.  thick. 
This  layer  of  concrete,  if  made  with  good 
hydraulic  lime,  or  better  still,  Portland 
cement,  will  not  only  prevent  damp  from 
rising  into  the  house,  but  will  keep  out 
those  domestic  pests,  rats,  mice,  and  black- 
beetles  as  well.  In  all  damp  soils  con- 
crete under  all  basement  floors  should  be 
insisted  upon.  If  it  is  not  there,  and 
the  landlord  will  not  put  it,  do  not  take  the 
house. 

Next,  note  the  thickness  of  the  walls.  If 
any  external  brick  wall  is  less  than  14  in. 
thick,  the  house  will  always  be  damp  and 
uncomfortable.  Examine  the  water-closets, 
especially  as  to  position.  I  have  already 
entered  into  this  question,  and  will  not 
therefore  say  any  more  about  it  here. 
Look  to  the  water  cisterns,  and  find  out 
where  the  waste  pipes  go  to.  If  into  the 
soil  pipe  of  the  water-closet,  or  into  the 
drain,  as  is  commonly  the  case,  have  them 
altered  at  once.  Dr.  Carpenter's  experience 
will  give  a  reason  for  this.  Both  rain- 
water pipes  and  waste-pipes  from  the 
cisterns  should  not  run  directly  into  the 
drain,  but  should  have  their  ends  visible 
outside  the  house,  aud  above  the  ground. 
Under  each  of  these  pipes  there  should  be 
a  trapped  sink,  connected  either  with  the 
house  drains,  or,  in  certain  cases,  with  sepa- 
rate ones.  By  the  regulations  made  under 
"The  Metropolis  Water  Act,  1871,"  in  all 
parts  of  the  Metropolis  where  the  Water 
Companies  give  a  constant  supply  of  water, 
the  waste  pipes  from  all  cisterns  are  to  be 
converted  into  warning  pipes,  and  the  outlets 
of  such  pipes  are  to  be  so  placed  that  the 
officers  of  the  Companies  can  readily  ascer- 
tain when  water  is  flowing  from  them. 
This  regulation  is  intended  to  prevent  un- 
necessary waste  of  water. 

Lastly,  the  rooms  must  be  considered. 
They  should,  if  possible,  be  both  light  and 
lofty  ;  for,  low,  dark  rooms  are  depressing 
aud  unhealthy,  and  should  therefore  be 
avoided.  All  the  rooms,  without  exception, 
should  be  efficiently  ventilated,  not  by  open 
windows  or  doors  alone,  since,  for  full  half 
the  year,  an  open  window  is  impossible  in 
England,  but  by  some  plan  which  shall  be 
independent  of  both,  for  we  cannot,  unfor- 
tunately, suspend  our  breathing  whenever 
it  is  necessary  to  close  door  and  window, 
although  the  majority  of  house  builders 
seem,  if  one  may  judge  from  their  work?, 
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to  think  it  the  most  common-place  operation 
in  nature. 

An  instance  of  this  want  of  forethought 
lately  came  within  my  knowledge.  Some 
persons  who  were  interested  in  the  establish- 
ment of  a  particular  trade  in  the  metropolis, 
built  a  small  factory  for  the  purpose,  and, 
as  usual,  ventilation  was  left  to  chance. 
The  number  of  persons  employed,  how- 
ever, brought  the  firm  under  the  "Factories 
Act,"  and  the  Inspector  insisted  that  venti- 
lation should  be  provided.  The  owners, 
being  in  a  difficulty,  sent  for  a  carpenter 
and  joiner,  as  the  most  likely  person  to 
help  them  out  of  it ;  he  naturally  recom- 
mended the  execution  of  sundry  carpenter 
and  joiner's  work,  and  proceeded  to  make 
all  the  windows  to  open,  which  up  to  that 
time  had  been,  very  properly,  fixed.  The 
immediate  result  of  this  was  that  half  the. 
persons  employed  caught  violent  colds,  and 
the  ventilation  was  quite  a  failure,  for  the 
next  time  the  Inspector  called,  being  a  wet,, 
windy  day,  all  the  windows  were  closed,  and 
he,  not  unnaturally,  concluding  that  nothing 
had  been  done,  preremptorily  called  upon 
the  owners  to  remedy  the  insalubrious 
state  of  affairs.  They  again  called  the 
carpenter  to  their  aid,  who,  resolving  this 
time  either  to  kill  or  cure,  cut  a  large  square 
hole  in  the  ceiling  and  roof  and  put  up  a 
kind  of  lantern,  with  louvre  board  sides,. 
over  it.  Probably  he  intended  this  for  an 
exit,  but  having  made  no  provision  for  the 
inlet,  the  cold  air  came  down  upon  the  heads 
of  those  who  sat  below  quite  as  fast  as  any 
foul  air  went  out. 

There  is  nothing  more  injurious  thai! 
want  of  ventilation,  exceptperhaps  a  draught 
of  cold  air.  Proper  ventilation  should 
never  cause  draught. 

Intending  tenants  will  do  well  to  get  the 
necessary  sanitary  conditions  complied  with, 
before  they  enter  into  possession.  Some 
landlords  will  promise  great  things  before 
the  tenant  is  actually  in  the  house,  but  after 
that  will  do  nothing  whatever,  and  the  un- 
fortunate occupier  finds  himself  obliged, 
either  to  make  alterations  at  his  own  ex- 
pense, put  up  with  annoyance,  ill  health,  and, 
may  be,  the  death  of  some  of  his  family,  or, 
at  great  inconvenience,  leave  the  house,  and, 
perhaps,  risk  an  action  at  law  with  the 
landlord. 

If  the  landlord  decline  to  make  the  ne- 
cessary alterations  before  the  tenant  enters 
into  possession,  have  nothing  to  do  with  the 
house. 
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To  the  case  of  inhabited  houses,  where 
ventilation  or  other  sanitary  matters  are 
defective,  most  of  what  has  gone  before  will 
apply.  I  would  urge  all  persons  not  to 
allow  defects  in  drainage  or  ventilation  to 
exist  an  hour  longer  than  is  absolute]y 
necessary.  How  many  outbreaks  of  cholera 
can  be  traced  to  a  defective  drain  or  foul 
cesspool,  and  people  have  said  "  Oh,  it  is  in 
the  air,"  or  in  this,  or  in  that,  while  the 
real  cause  was,  perhaps,  under  their  very 
feet. 

With  regard  to  country  houses,  which, 
from  their  isolated  position,  are  beyond  the 
reach  of  a  system  of  sewerage,  it  must  be 
admitted  that  many  difficulties  are  pre- 
sented to  us. 

Sewage  must  be  disposed  of  by  irrigation 
on  the  land,  for  there  is  no  other  successful 
method  of  dealing  with  it  at  present  known, 
and  therefore  towms  and  villages  have  been 
empowered  by  various  Acts  of  Parliament 
to  acquire  land  for  this  purpose.  Private 
persons  have  not  this  advantage  and  in 
their  case  the  cesspool  has  always,  until 
lately,  been  regarded  as  the  only  resource. 
But  it  is  a  very  dangerous  resource.  Ask 
how  the  liquid  gets  away  ffom  the  cesspool 
and  you  will  probably  be  told  that  it  perco- 
lates through  the  brickwork  forming  the 
sides,  the  bricks  being  laid  dry  on  purpose, 
:and  passes  into  the  surrounding  soil.  Yes, 
percolates  under  our  houses,  into  the  springs, 
pollutes  the  wells,  until,  as  at  Rugby  before 
the  sewerage  works  were  executed,  things 
come  to  such  a  pass  that  the  fluid  thrown 
into  the  cesspool  in  the  morning  is  pumped 
from  the  well  at  night !  Or,  perhaps,  the 
cesspool  is  well  built  and  the  sewage  re- 
tained in  it,  but   the  mass  of  putrid  filth 


must  be  taken  away,  and  I  suppose  many 
;  persons  have  been  disgusted  at  some  time 
.,  or  other  with  this  sickening  process. 

The  remedy  is  not  hard  to  find,  but  the 

means  to  be   adopted  will  depend   greatly 

upon  the  conditions  of  each  individual  case. 

!  Moreover,  this  belongs  to  another  branch  of 

I  sanitary  science,  and  1  am  wandering  away 

I  from  ventilation. 

What  has  been  said  with  respect  to  venti- 

|  lating  drains  connected  with    sewers    will 

apply   with   more   force   where   there    are 

I  cesspools.     For  in    the  former  case  there 

may  be  no  evolution  of  foul  and  dangerous 

\  gases  even  for  years,  while  in  the  latter  it  is 

certain  and  continuous. 

It  is  of  no  use  to  try  and  enclose  it  in  the 
!  cesspool,  free  vent  must  be  given  if  you 
I  would  keep  death  and  disease  out  of  your 
houses. 

In  concluding  these  somewhat  disjointed 
observations  on  a  very  important  subject,  I 
would  ask  the  reader  to  remember  that  the 
whole  paper  has  been  written  at  different 
times,  when  a  few  moments  could  be  spared 
from  more  pressing  matters,  and  if  I  have 
not  adhered  strictly  to  ventilation,  pure  and 
simple;  yet  drainage  and  warming  are  so 
intimately  connected  with  it,  that  it  is 
difficult  to  treat  of  one  without  drawing  in 
the  others  also. 

Very  much  more  might  have  been  said 
about  ventilating  public  buildings,  such  as 
churches  for  instance,  where  no  attempt 
seems  ever  made  to  get  fresh  air  in,  or  foul 
gas  out  of  the  building,  but  I  have  simply 
endeavored  to  convey  a  little  useful  infor- 
mation to  the  reader,  which  will,  I  hope,  be 
of  service  in  improving  domestic  comfort, 
and  keeping  disease  awray  from  our  homes. 


THE  UTILIZATION  OF  SLAG. 

By  Mr.  CHARLES  WOOD. 
From  "Journal  of  the  Iron  and  Steel  Institute." 


The  enormous  output  of  slag  or  refuse  | 
from  blast  furnaces  in  proportion   to  their  . 
yield  of  pig  iron  has  always  been  one  of  the  I 
serious  difficulties  of  the  iron  trade,  and  to  | 
the  disposal  of  this  refuse  the  attention  of 
blast  furnace  engineers   has   been  increas- 
ingly directed.    In  Wales  and  Staffordshire 
large  tracts  of  land  have  been  devoted  to 
deposit,   and  huge  hills  of  lava  mark  the 
buried    greensward,     the     play   places    of 
former  days. 


The  necessity  thus  indicated  has  come  to 
Cleveland  also  ;  the  waste  lands  are  nearly 
filled  up  ;  the  demand  for  slag  is  limited. 
The  plan  of  sending  it  to  sea,  though  good 
and  workable,  is  costly,  and  so  it  comes 
that  out  of  the  struggle,  a  mode  of  convert- 
ing a  trouble  into  a  gain,  a  difficulty  into  a 
profit,  is  the  subject  of  this  short  paper  to 
which  I  ask  your  attention. 

The  question  of  utilizing  slag  has  from 
time  to  time  occupied  the  attention  of  our 
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most  able  engineers,  notably  that  of  our 
valued  ex-president,  Mr.  Bessemer,  and 
from  the  time  of  his  investigations  and  ex- 
periments from  the  year  1854  down  to  the 
present  date,  the  patent  records  .make 
honorable  mention  of  a  long  list  of  worthy 
pioneers,  in  the  rough  road  towards  slag 
conversion. 

More  recently,  Messrs.  Smeeton  and 
Bowler,  Messrs.  Bodmer  and  Wilson,  Mr. 
John  Gjers,  Mr.  Lurmann,  Mr.  Thomas 
Bell,  and  Mr.  D.  Joy,  have  each  and  all 
done  good  service,  the  two  latter  gentlemen 
especially. 

In  1871,  Mr.  Joy  submited  to  the  iron 
trade  of  Cleveland  a  plan  for  shipping  slag 
in  blocks,  differing  somewhat  from  a  plan 
proposed  by  the  writer  a  year  previous,  to 
the  Tees  Conservancy  Commissioners,  for 
taking  the  slag  to  their  breakwater  ;  but 
also  'one  for  removing  it  direct  from  the 
furnace,  in  detail,  by  an  endless  band, 
variously  applied  and  covered,  and  simul- 
taneously with  this,  a  similar  plan  was  pro- 
jected by  Mr.  Thomas  Bell,  and  soon  after 
practically  worked  at  Walker. 

The  whole  question  became  one  of  seri- 
ous moment,  and  many  minds  being  di- 
rected to  the  same  point,  numberless 
schemes  were  proposed.  Mr.  David  Joy 
patented  several  forms  of  wheels,  upon 
which  he  fixed  cast  iron  trays  or  troughs, 
or,  more  properly  speaking,  chills  for  the 
cooling  and  disintegration  of  slag,  and  my 
own  patent  for  a  horizontal  disintegrator 
was  perfected  and  set  to  work.  But  the 
matter  did  not  rest  here  ;  the  more  I  went 
into  the  question  the  more  evident  it  be- 
came that  by  disintegration  slag  could  be 
made  of  much  value.  Experiments  proved 
this,  and  the  vertical  granulator  or  sand- 
making  machine,  somewhat  resembling  one 
of  the  forms  included  in  Mr.  Joy's  specifi- 
cation, but  divested  of  the  chills  or  troughs, 
and  having  the  sides  partially  closed  in, 
very  similar  to  the  rotatory  puddler  shown 
in  end  section  yesterday  by  Dr.  Siemens,  is 
the  latest,  and  I  by  no  means  say  the  last 
result.  And  it  is  to  draw  your  attention 
in  the  simplest  and  briefest  manner  to  the 
products  of  these  two  machines  and  their 
uses,  that  I  venture  to  make  these  few  re- 
marks. 

My  first  machine  receives  the  slag  on  a 
horizontal  rotative  table  ;  this  table  is  com- 
posed of  thick  slabs  of  iron.  These  slabs 
are  kept  cool  by  a  circulation  of  water 
through  them.     The  machine  revolves  very 


slowly.  The  liquid  slag  flows  upon  the 
table  and  forms  its  own  thickness,  varying^ 
from  \  in.  to  £  in.  As  soon  as  the  slag  has 
parted  with  sufficient  heat  so  as  to  become 
solid,  water  is  allowed  to  run  freely  upon 
the  surface,  and  by  the  time  it  arrives  at 
the*  scrapers,  it  is  sufficiently  cool  to  part 
from  the  table  freely  and  break  up,  and 
then  drops  into  the  wagons. 

The  slag  sand  machine  is  just  the  oppo- 
site in  principle  to  the  first-named  machine. 
As  the  whole  body  of  liquid  slag  runs  from 
the  furnace  it  flows  directly  into  a  deep 
bath  of  water.  This  water  is  kept  in  a 
violent  state  of  agitation,  and  the  liquid 
slag  is  instantly  scattered  in  the  body  of 
water  in  the  shape  of  sand,  the  water  tak- 
ing up  the  heat  and  throwing  it  off  again  in 
the  shape  of  steam.  Specimens  of  slag 
sand,  and  of  the  first  mentioned  machine 
slag,  are  upon  the  table  for  inspection. 

The  slag  sand  machine  is  made  in  a  shape 
not  unlike  a  rotatory  puddler,  only  having 
sides,  to  enable  it  to  contain  from  2  ft.  6  in. 
to  3  ft.  of  water  in  the  bottom.  This  cyl- 
inder is  kept  in  motion  by  a  small  steam 
engine.  The  water  is  agitated  by  means  of 
a  certain  number  of  buckets,  placed  in  the 
inside  of  the  periphery.  These  buckets  are 
perforated,  so  as  to  act  as  screens,  to  sepa- 
rate the  sand  from  the  water ;  they  also 
elevate  the  sand  to  the  top  of  the  machine, 
where  it  drops  into  a  spout,  and  thence  into 
wagons.  The  speed  of  the  machine  is 
about  190  ft.  per  min.,  or  about  4.^  or  5 
revolutions,  according  to  the  nature  of  the 
slag.  Thus,  the  water  is  always  in  a  state 
of  rushing  towards  the  bottom,  and,  meeting 
with  the  screens  or  floats,  it  rolls  over  in  a 
violent  manner.  Into  this  water  the  slag  is 
allowed  to  run  direct  from  the  furnace. 
The  water  acts  upon  the  stream  of  slag  by 
scattering  it,  as  it  were,  and  the  action  is  so 
perfect  that  no  crust,  or  any  pieces  larger 
than  those  shown,  is  allowed  to  form.  On 
the  table  will  be  seen  a  large  quantity  of 
this  slag,  just  as  it  comes  out  of  the  ma- 
chine. The  action  of  the  machine  is  per- 
fect, delivering  the  slag  in  a  constant  stream 
into  wooden  railway  trucks,  fit  to  be  sent  or 
dealt  with  in  any  way. 

We  now  come  to  consider  the  way  in 
which  we  can  best  utilize  this  slag  sand. 
Mr.  Bodmer,  in  a  paper  read  before  your 
Institute  last  year,  stated  that  by  mixing 
eight  parts  of  granulated  slag  with  one  of" 
cement,  he  could  produce  a  valuable  brick. 
At  his  request  I  sent  him  some  of  this  sand, 
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and  I  have  great  pleasure  in  showing  you 
bricks  made  from  this  material.  By  his 
process  the  sand  requires  no  further  mani- 
pulation than  the  mixing  with  lime  and 
compressing  in  a  hydraulic  press,  when, 
after  two  or  three  weeks  exposure  to  the  air, 
they  are  fit  for  use.  The  advantages  and 
economy  of  this  material  are  manifest,  and 
these  must,  from  their  great  cheapness, 
displace  millions  of  bricks  made  on  the  old 
plan  of  burning. 

We  now  come  to  consider  the  use  of  this 
material,  as  a  substitute  for  sand,  for 
building  purposes. 

You  will  see,  from  the  specimens  exhib- 
ited, which  have  been  made  a  fortnight  or 
three  weeks,  that  mortar  made  from  this 
sand,  mixed  in  the  proportion  of  one  part 
lime  to  five  parts  of  sand,  when  ground  up 
together,  is  nearly  equal  to  cement.  If  a 
small  portion  of  ironstone  be  added,  equal 
to  about  5  per  cent.,  this  material  increases 
its  strength.  I  have  also  great  faith  that 
this  slag  sand,  produced,  as  it  can  be,  at 
the  same,  or  little  more  than  the  present 
cost  of  running  into  balls,  will  produce  a 
material  which  will  be  very  valuable  to 
farmers,  containing,  as  it  does,  from  30  to 
35  per  cent,  of  lime,  38  per  cent,  of  silica, 
and  3  per  cent,  of  sulphide  of  calcium.  Its 
light  and  porous  nature,  in  opening  and 
lightening  up  the  land,  will  also  be  of  great 
service. 

I  exhibit  also  some  concrete  blocks,  made 
with  a  combination  of  my  first  patent  slag, 
and  the  second,  or  slag  sand,  suitable  for 
foundations  of  all  descriptions,  and  even  for 
walling  for  cottages.  This  material  is 
composed  of  six  parts  of  machine  slag,  from 
the  first  patent,  and  one  part  of  the  mortar, 
which,  as  I  before  stated,  is  composed  of 
five  parts  of  slag,  with  one  part  of  lime, 
well  ground  up.  These  have  all  been  mix- 
ed together,  and  formed  into  a  block,  as 
shown.  That  of  a  red  color  has  one  part  of 
ironstone,  one  lime,  and  twelve  parts  of 
slag.  It  has  been  made  now  about  three 
weeks,  and,  I  think  you  will  admit,  there 
are  few  cement  concretes  equal  to  it  for 
strength  ;  and  the  remarkably  cheap  rate  at 
which  it  can  be  produced  must  render  it 
invaluable  for  many  purposes.  I,  myself, 
should  not  hesitate  in  using  it  under  the 
'heaviest  buildings  or  machinery. 

There  are,  also,  specimens  of  the  firstpatent 
machine  slag,  made  into  concrete  with  ce- 
ment, as  used  very  largely  by  the  drainage 
contractors  in  Middlesbrough.     This  piece 


was  taken  out  of  the  sewer,  after  it  had 
been  in  some  two  or  three  months ;  it  is 
made  with  Portland  cement. 

Although  bricks  that  are  exhibited  with 
Mr.  Bodmer's  name  upon  them  have  been, 
I  believe,  made  with  about  one  part  of 
cement  to  eight  parts  of  slag  sand  from  my 
machine,  those  of  rougher  quality,  made  by 
myself,  in  an  experimental  die,  contain  from 
twelve  to  fourteen  parts  of  slag  sand  to  one 
of  lime. 

There  are  several  uses  besides  those  men- 
tioned, to  which  the  slag  sand  can  be  put, 
such  as  the  pig  beds,  as  employed  by  Mr. 
Gjers,  garden  walks,  asphalt,  and  I  look 
forward  to  no  distant  date  when  the  rail- 
ways will  employ  but  little  else  for  the  top 
dressing,  or  top  ballast  for  the  sleepers. 

I  have  only  one  more  remark  to  make 
before  concluding.  I  think  I  have  proved 
beyond  a  doubt  that  slag  can  be  utilized, 
and  that  it  can  be  put  into  the  market  at  a 
very  low  price,  compared  with  other  ma- 
terials, and  that  it  contains  very  valuable 
chemical  combinations,  different  from  any 
other.  With  these  facts  before  me,  I  do  not 
see  why  hundreds  of  thousands  of  tons  each 
year  should  not  be  made  use  of;  and  that, 
as  this,  mostly,  must  be  put  into  railway 
trucks  for  transport,  it  may  become  as  much 
a  source  of  revenue  to  railways,  as  the 
carrying  of  pig  iron,  or  other  produce,  and 
thus  again  be  made  to  produce  a  useful 
effect. 

COST   OF  MAKING   SLAG   SAND. 

Make  of  furnace,  about 25  tons  iron. 

Do.         do.  36    "    slug. 

s. 

One  man  per  dav 4  ) 

8,000  gallons  (water)  at  3d. .   2    -  per  shift. 
Wear  of  machine 3  ) 

9Xl2-r-36=  3d.  per  ton. 

CONCRETE  BLOCKS,  PER  CUBIC  FOOT. 
S  d 

Rough  machine  slag,  8  tons 4    0 

Slag  mortar 1     "    4    0 

9  tons....   =80 
Labor,  Is  per  ton 9    0 

17    0-r-9  =  ls.  lid. 

Is,  lid.  per  ton,  or  %d   per  cubic  foot.     If  with  iron- 
stone, about  Id  per  cubic  foot. 

MORTAR   FROM   SLAG   SAND. 

s.    d. 

5  tons  sand,  at  3d 1    3 

1  ton  lime,  at  15s 15    0 

~6  16  3 -j- 6  =  2*  8 
Grinding 1    4 

4     0 
Four  shillings  per  tor. 
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BRICKS   PER  THOUSAND. 


8.    d. 

2  tons  10  cwt.,  at  3d.  per  ton  ... . 0    7\ 

Lime 4    0 


Wear  of  machine 1     3 

Coals  and  water.... 1    0 


Labor,  etc 


Per  1,000 10    0 

ANALYSIS   OF  FURNACE  SLAG. 

Silica 38  25 

Alumina 22.19 

Lime , 31 .56 

Magnesia     4 .  14 

Protoxide  of  iron 1 .09 

Manganese trace. 

Calcic  sulphide '  2  95 


100.18 
DISCUSSION. 

Mr.  Parks  said  a  question  of  considerable 
importance  had  been  suggested  to  him  in 
connection  with  that  subject — that  was, 
that  the  slag  of  the  blast  furnace  was  by  no 
means  uniform  in  composition,  and  as  some 
gentlemen  present  had  probably  tried  it 
from  various  furnaces,  and  under  various 
conditions,  he  would  be  glad  to  be  informed 
whether  it  could  be  used  in  a  basic  con- 
dition as  in  making  Bessemer  iron  or  white 
iron,  because  it  might  differ  very  materially 
in  its  properties,  according  to  the  condition 
under  which  the  furnace  was  working. 

Mr.  Homer  had  some  time  ago  tried  sev- 
eral experiments  for  the  purpose  of  utilizing 
blast  furnace  slag,  and  he  found  that  by 
mixing  a  portion  of  fire-clay  slag  and  lime  he 
got  very  good  results  from  it.  Two  or  three 
experiments  were  tried  by  different  parties, 
and  found  to  answer  very  well,  and  so  far 
as  utilizing  slag  as  ballast  for  railways,  he 
had  tried  it  and  it  was  found  to  answer  ad- 
mirably as  ballast  for  railways. 

The  President  inquired  if  he  (Mr. 
Homer)  ran  it  into  water. 

Mr.  Homer  replied  that  he  did.  He  put 
a  cistern  near  the  bottom  of  the  furnace 
and  into  that  he  ran  the  slag,  and  the  slag 
going  into  water  in  that  way  caused  it  to 
form  into  a  frothy  condition,  and  when 
loaded  up  it  made  very  good  ballast.  Then 
so  far  as  regards  utilizing  it  in  the  shape  of 
bricks,  he  had  some  very  fine  specimens  of 
bricks  made  from  slag,  but  made  in  a  dif- 
ferent way  to  the  first  experiments.  Under- 
neath their  clay-band  iron  stone  they  had 
got  fire-clay,  which  contained  40  per  cent  of 
alumina.  They  had  always  had  great  diffi- 
culty in  dealing  with  that  alumina  in 
making  bricks,  and  as  the  bottom  of 
the  mine  lifted  up  they   found   it    entail- 


ed great  cost  upon  them  in  maintaining 
their  road,  and  be  (Mr.  Homer)  had  been 
very  anxious  to  obtain  some  way  of  disposing 
of  it  to  a  profit  in  connection  with  the  blast 
furnace  slag.  He  had  recently  put  up  a 
clay  machine  in  which  he  had  a  pan  with  a 
perforated  bottom,  and  in  that  he  put  the 
fire-clay  containing  so  large  a  percentage 
of  alumina  mixed  with  it ;  surface  clay  and 
the  slag  from  the  blast  furnace  he  ground 
together,  and  it  passed  through  a  false 
bottom.  It  was  then  taken  up  by  the 
elevator  into  a  pan  and  mixed  together, 
and  from  that  they  got  a  fine  bastard  brick, 
and  a  brick  that  would  enable  him  to  dis- 
pose of  a  very  large  quantity  of  blast 
furnace  slag  in  such  a  way  as  to  enable 
them  to  get  rid  at  the  same  time  of  a  lot  of 
refuse,  with  which  they  were  covering  over 
acres  of  land  as  spoil,  and  he  thought  the 
thanks  of  that  meeting  were  due  to  anyone 
who  would  give  their  attention  to  it  the 
way  Mr.  Wood  had  done,  because  if  they 
could  succeed  in  utilizing  bla-st  furnace  slag, 
it  would  greatly  benefit  his  part  of  the 
country,  North  Staffordshire,  where  the 
land  was  getting  covered  over  with  it  near 
to  the  furnaces. 

Mr.  Alforth  asked  Mr.  Wood  at  what 
price  per  cubic  yard  he  could  produce  the 
concrete,  and  the  price  per  thousand  bricks. 

Mr.  Snelus  had  given  some  attention  to 
this  matter,  and  he  was  now  engaged  in 
putting  up  a  mill  at  West  Cumberland  to 
deal  with  the  slag  there,  which,  generally 
speaking,  was  highly  basic,  and  at  about 
this  time  (May)  last  fyear,  he  went  to  Ger- 
many, partly  for  the  purpose  of  seeing  Mr. 
Lurmann's  process  of  utilizing  the  slag. 
He  had  seen  there  slag — from  a  furnace 
working  Bessemer  iron,  and  also  from 
white  forge  iron — run  into  water,  and  he 
found  that  the  slag  produced  from  the 
furnace  working  on  the  Bessemer  pig  broke 
up  into  pieces  much  more  easily  than  the 
other,  as  they  would  expect  from  the  large 
quantity  of  sulphide  of  calcium  present, 
and  Mr.  Lurmann  considered  it  a  much 
more  valuable  product  than  that  which  he 
obtained  from  the  black  cinders  when  the 
furnace  was  working  on  white  iron.  Prom 
such  furnaces  he  considered  that  the  slag 
was  best  utilized  as  ballast.  Very  large 
quantities  of  it  were  so  used,  but  it  could 
also  be  made  into  bricks.  It  required, 
however,  a  larger  quantity  of  lime  than  the 
more  basic  slag?,  which,  when  mixed  up 
with   one-sixth  of  lime,    was   formed  into 
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bricks  by  a  steam  press.  The  bricks  were 
dried  for  some  weeks,  and  he  had  seen 
several  houses  built  of  them,  which  had 
been  built  some  two  years.  He  tried  his 
pen-knife  upon  them,  and  found  the  bricks 
remarkably  hard,  much  harder  than  he 
would  have  expected.  Yesterday,  he  had 
the  pleasure  of  witnessing  the  making 
of  bricks  by  Mr.  Bodmer's  process.  He 
(Mr.  Bodmer)  used  a  hydraulic  press  in- 
stead of  a  steam  press.  The  two  processes 
were  almost  identical,  at  all  events  he  did 
not  see  much  difference,  but  Mr.  Bodmer 
had  certainly  a  much  better  mixing  appa- 
ratus for  producing  the  bricks,  and  they 
were  of  a  better  and  finer  quality  than  Mr. 
Lurmann  had  yet  attained.  He  (Mr. 
Snelus)  thought  there  was  a  very  great 
future  for  those  bricks,  and  that  any 
apparatus  that  would  enable  them  to  get 
the  slag  into  a  state  of  sand  cheaply,  and 
with  little  trouble  at  the  furnace,  would  be 
of  great  advantage,  because  that  was  the 
great  thing.  The  great  difficulty  was  to 
take  the  slag  away  from  the  blast  furnace. 
They  had  very  little  room  at  blast  furnaces 
to  do  any  work,  and  as  far  as  he  (Mr.  S.) 
could  see,  the  simpler  the  process  could  be 
made  the  better,  and  running  the  slag  into 
water  seemed  to  him  as  simple  a  thing  as 
they  could  possibly  have.  Eunning  it  into 
a  deep  well  of  water,  and  simply  moving  it 
by  a  Jacob's  ladder,  seemed  to  him  to  do  all 
they  required,  and  if  the  apparatus  under 
review  would  do  that  at  a  cheaper  rate,  it 
would  certainly  be  better.  Any  plan  that 
would  convert  the  slag  into  fine  powder 
would  certainly  be  of  very  great  value. 

Mr.  Homer  wished  to  say  that  after  run- 
ning the  slag  into  water,  the  top  part  of  the 
slag  they  could  almost  crush  in  their  hands, 
as  it  took  very  little  pressure  to  break  it 
up. 

Mr.  Eichardson  having  had  a  little  ex- 
perience in  mixing  Portland  cement  with 
slag,  which  was  not  perhaps  quite  what  the 
paper  intended  to  deal  with,  or  to  disclose, 
but  as  it  had  been  of  utility  to  him,  it 
probably  might  be  of  utility  to  othor  mem- 
bers, and  therefore  he  would  give  them  the 
result.  In  their  shops  they  had  hard 
flagged  floors,  and  there  was  a  good  deal 
of  traffic  over  them  on  small  wheels.  The 
consequence  was  that  they  found  the  joints 
of  the  flags  slipped  and  gave  way,  and 
made  the  floors  very  unequal  and  irregular. 
They  then  got  a  quantity  of  silicate  of  iron 
from  the    forge,  having  no   puddling  fur- 


naces in  the  neighborhood,  and  tried  to 
grind  that  under  an  edged  roll  to  fine 
ponder,  and  mixed  it  with  very  hard  pow- 
dered cement,  and  made  the  floor  in  each 
shop  about  four  inches  thick  with  that 
material.  It  had  then  been  working  for 
two  years,  and  had  not  shown  the  least 
failure  under  the  greatest  pressure  that 
they  could  put  upon  it.  In  some  of  the 
staircases  of  the  factories,  where  great  num- 
bers of  people  were  continually  going  up 
and  down,  the  steps  had  worn  considerably, 
and  to  save  the  great  expense  of  pulling 
out  the  old  and  putting  in  new  steps,  they 
had  roughed  them  with  a  pick,  and  plas- 
tered them  up  with  that  film,  by  which 
means  they  made  them  quite  strong,  and 
he  found  that  those  steps  were  wearing 
much  better  than  even  the  hardest  stone 
that  they  had  before.  He  mentioned  that 
for  the  purpose  of  giving  to  anyone  else 
similarity  situated,  the  benefit  of  that  little 
experience.  He  had  found  it  a  very  valu- 
able material,  and  almost  indestructible  in 
wear. 

Mr.  Maynard  inquired  what  the  thick- 
ness was. 

Mr.  Eichardson  replied,  about  one-fourth 
on  the  top,  or  about  one-sixth  for  the  bot- 
tom portion.  Three  inches  of  rough  stuff 
was  put  in,  and  about  one  inch  of  very  fine 
on  top,  and  they  put  more  Portland  cement 
in  that.  The  soft  Portland  cement  was 
like  soft  brick,  and  did  not  do  much  good. 
It  required  to  be  burnt  hard. 

Mr.  Wood,  in  reply,  said  he  must  confess 
with  regard  to  the  slags  made  from  Besse- 
mer iron  he  was  rather  at  a  loss  to  answer 
the  question,  but  he  thought  Mr.  Snelus 
had  answered  it  pretty  clearly.  Of  course 
everything  of  that  sort  would  depend  upon 
chemical  combination — that  was  to  say, 
whether  it  contained  more  or  less  lime  or 
silica ;  accordingly  as  they  had  those  two 
properties,  so  must  they  vary  their  cement 
and  their  pressure.  With  a  little  attention 
to  those  two  points,  he  saw  no  reason 
whatever  why  they  should  not  make  as 
good — and  quite  as  cheap — a  concrete 
brick  as  the  specimens  they  saw  on  the 
table.  In  reply  to  Mr.  Alforth,  as  to  the 
cost  of  making  bricks  and  concrete,  he  had 
it  upon  the  authority  of  Mr.  Bodmer,  who 
was  making  large  quantities  from  the  ma- 
terial produced  by  the  sand  slag  machine, 
and  from  the  lime  which  could  be  obtained 
in  Middlesbrough  now  at  15s.  per  ton. 
Taking  the  cost  of  material — produced  as 
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they  were  at  such  remarkably  low  rates  and 
without  profit — those  bricks  could  be  made 
for  from  10s,  to  12s.  per  thousand.  For 
the  concrete  blocks  they  might  take  the 
machine  slag  at  6d.,  and  the  mortar  at  4s. 
0d.,  then  it  would  be  found  that  they  could 
produce  a  cubic  yard  or  a  ton  at  Is.  8d., 
which  would  be  equal  to  about  -fd.  per 
cubic  foot  without  the  ironstone,  and  about 
Id.  with  the  addition  of  the  ironstone. 
Mortar  fit  for  building  houses,  containing 
five  of  sand  and  one  of  lime,  could  be  pro- 
duced at  4s.  per  ton. 

Mr.  Whit  well  would  like  to  ask  Mr.  Wood 
if  the  ton  of  concrete  occupied  a  cubic  yard 
in  the  same  way  as  the  bricks  did. 

Mr.  Wood  said  there  was  very  little  differ- 
ence. They  might  roughly  calculate  a  cubic 
yard  as  being  about  a  ton  weight,  more  or 
less.     His  experiments  showed  that. 

The  President,  as  a  producer  of  blast 
furnace  slag  to  the  extent  of  about  a  thous- 
and tons  per  day,  would  be  very  glad  in- 
deed to  have  an  opportunity  of  applying  it 
to  a  beneficial  purpose,  both  on  account  of 
the  public  and  on  account  of  himself.  With 
regard  to  the  disintegrating  of  the  slag,  he 
did  not  quite  follow  the  reasoning  made  use 
of  by  Mr.  Wood.  He  (Mr.  Wood)  must 
remember  that  lime  when  used   for  agri- 


cultural purposes,  was  used  under  totally 
different  circumstances  and  conditions  to 
that  where  it  existed  in  slag,  where  it  was 
really  in  the  form  of  a  silicate.  Believing, 
however,  that  such  disintegrated  slag  might 
be  usefully  employed  for  land  where  it  was 
somewhat  heavy,  he  (the  President)  had 
had  a  large  quantity,  many  tons,  run  into 
water  and  taken  out  producing  exactly  the 
same  substanee  that  he  (Mr.  Wood)  had 
obtained,  and  applied  it  to  land,  and  on 
comparing,  as  fairly  as  he  could,  the  ap- 
pearance of  the  vegetation,  with  and  with- 
out the  slag,  he  was  sorry  to  say  that  he 
could  perceive  no  kind  of  improvement  from 
the  application  of  it.  In  fact,  he  believed 
that  as  far  as  manure  was  concerned,  they 
might  as  well  use  powdered  bottles.  He 
thought,  however,  that  there  semed  to  be  a 
reasonable  prospect  of  their  being  able 
beneficially  to  use  a  portion  of  the  very 
large  quantity  of  slag  made  in  this  country, 
and  if,  even  in  some  districts,  it  should  not 
be  found  quite  as  available  as  in  the  Mid- 
dlesbrough district,  where  they  made  some- 
thing like  five  millions  of  tons  in  a  year,  he 
(the  President)  thought  there  was  a  suffi- 
ciently large  field  of  operations  to  entitle 
Mr.  Wood  to  their  thanks  for  the  paper  he 
had  read  before  them. 


THE  WATER  SUPPLY  OF  CONSTANTINOPLE; 


By  HEXRY   A    HOMES. 


In  Eastern  countries  pure  water  is 
ever  a  theme  of  popular  interest.  The 
numerous  "  dry  and  thirsty  lands  where  no 
water  is,"  and  the  liability  to  droughts  in 
more  favorable  positions,  will  always  make 
the  question  of  a  supply  of  water  of  the 
utmost  importance.  The  simple  habits  of 
the  people,  using  no  beverage  in  large  . 
quantity  but  water,  render  the  matter  of  its  j 
abundance  and  quality,  a  fertile  topic  of, 
conversation.  The  population  that  now 
inhabit  Asia  Minor  and  European  Turkey, 
emigrating  from  a  more  arid  country,  re- 
tain as  a  hereditary  gift  an  anxiety  about, 
and  a  love  for  water,  not  because  they  need 
it  more  or  use  it  more  than  other  people, 
but  because  they  appreciate  it  with  more 
intense  emotions.  The  records  of  the  Bible 
are  full  of  references  to  artificial  arranee- 
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ments  for  water  by  wells  and  cisterns,  even 
for  rural  or  nomadic  tribes.  The  selection 
of  the  sites  of  the  great  cities  of  the  old 
world  of  Asia  has  been  controlled  by  their 
easy  supply  of  water,  such  as  Broosa, 
Cairo  and  Damascus.  But  when  Constanti- 
nople was  determined  upon  as  the  new 
capital  of  the  Poman  empire,  the  fact  of  its 
position  as  a  place  from  whence  to  com- 
mand two  continents  predominated  over  all 
considerations  of  an  abundance  of  water. 
Before  giving  an  account  of  its  supplies  of 
water,  allow  me  to  recall  to  your  minds  the 
prominent  features  of  its  geography. 

Constantinople  is  built  on  the  rocky 
heights  of  seven  hills  on  the  north  shore  of 
the  Sea  of  Marmora,  and  just  west  of  where 
the  Bosphorus  strait  opens  into  that  sea 
from  the  Black  Sea.  The  distance  between 
the  Black  Sea  on  the  north  and  the  Mar- 
mora on  the  south,  is  not  more  than  twenty 
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miles,  for  a  distance  of  thirty  miles  from 
the  Bosphorus  towards  the  west.  The 
general  height  of  the  table-land  in  the 
vicinity  of  Constantinople  is  about  150 
to  200  ft,  which  is  intersected  with  val- 
leys, where  are  still,  or  have  been,  small 
streams. 

Down  to  the  northern  shore  of  the  Bos- 
phorus, from  the  west,  comes  a  spur  of  the 
Hsemus  or  Balkan  range  of  mountains,  its 
water-shed  to  the  north  and  south  being  at 
a  distance  of  five  or  six  miles  from  the 
Black  Sea,  and  fourteen  miles  from  the 
city.  Nearly  all  the  artificial  ponds  for  the 
aqueduct  water  supply  of  Constantinople 
are  close  upon  the  south  side  of  this  range 
of  hills,  the  highest  point  of  which  may  be 
about  770  ft.  This  region  is  commonly 
called  the  forests  of  Belgrade,  and  has  ac- 
quired a  prominence  in  English  literature 
on  account  of  the  letters  written  from  the 
village  of  that  name  by  Lady  Mary  Wort- 
ley  Montague,  while  residing  there  in  1717. 
A  vast  quantity  of  moisture  in  the  form  of 
snow  and  rain  falls  in  this  region  during 
the  winter  season,  which  naturally  collects 
in  the  ravines,  in  two  small  streams,  that, 
finally  becoming  one,  empty  into  the  harbor 
of  the  city,  the  Golden  Horn. 

When,  in  the  year  330,  Constantine  the 
Great  came  to  Byzantium,  and  founded 
New  Rome,  which  the  Greeks  preferred  to 
call  Constantinople,  in  addition  to  the  one 
hill  of  Byzantium,  he  enclosed  six  con- 
tiguous hills  ;  and  recalling  the  unsurpassed 
length  and  grandeur  of  the  aqueducts  of 
old  Rome,  and  stimulated  by  an  ambition 
full  of  reminiscences  of  its  magnificence, 
he  commenced  immediately  on  the  same 
imperial  scale  witli  all  his  expenditures, 
to  provide  water  for  the  crowds  that  were 
flocking  to  this  queen  city.  And  the  lofty 
aqueduct  which  was  built  by  him  more 
than  fifteen  hundred  years  since,  is  still  the 
chief  channel  for  water  from  Belgrade  to 
the  capital. 

The  well  water  of  the  city  was  then  and 
still  is  bitter;  the  water  of  the  two  seas 
was  salt ;  and  the  only  river  near  by  was 
far  too  small  to  afford  an  adequate  quantity. 
The  plan  then  adopted  by  his  engineers, 
and  the  constructions  then  made,  have  been 
retained,  with  expansions  by  successive 
kings  and  sultans,  to  the  present  time. 

The  course  adopted  was  to  make  dams 
across  the  mouths  of  the  upper  valleys, 
arresting  the  smallest  rill  in  its  progress. 
From  the  ponds  thus  formed,  the  water  was 


conducted  in  channels  of  cylindrical  tiles  to 
larger  reservoirs  formed  by  larger  dams. 
Those  of  the  lower  reservoirs  were  most 
solid  constructions  ,  of  marble,  80  and  100 
ft.  in  height.  The  banks  were  left  in  their 
natural  state,  the  trees  growing  down  to  the 
edges  of  the  lakes. 

The  people  give  the  name  of  dam  or 
bendt  to  the  lake  formed  by  the  dam  ; 
the  Persian  word  bendt  being  perhaps  the 
same  in  its  etymology  as  our  words  band, 
bind  and  bond.  The  water  from  one  set 
of  bendts  is  conducted  by  the  Crooked 
aqueduct  to  the  aqueduct  of  Justinian,  and 
the  water  from  another  set  of  dams  which 
are  farther  to  the  west,  is  conducted  by  the 
Long  aqueduct,  also  to  the  aqueduct  of 
Justinian. 

The  Crooked  aqueduct,  so  called  because 
it  makes  a  turn  or  elbow  in  crossing  the 
valley,  is  nearly  1,000  ft.  long,  670  ft.  on 
one  length  and  300  ft.  on  the  other.  It 
rests  upon  three  tiers  of  arches,  having  a 
breadth  at  the  base  of  21  ft.,  and  at  the 
top  of  11  ft.  It  is  a  rustic  work  in  fine  taste, 
stretching  across  a  valley  600  ft.  wide. 
There  is  an  arched  passage-way  through 
the  upper  tier  of  twenty-one  arches,  by 
which  one  can  cross  from  one  side  of  the 
valley  to  the  other.  The  whole  height  of 
this  aqueduct  is  110  ft. 

The  Long  aqueduct  has  two  tiers  of 
arches,  fifty  in  the  upper  tier,  and  forty- 
eight  in  the  lower  one.  Its  whole  length 
is  about  2,229  ft.,  its  height  85  ft.,  and  it  is 
12  ft.  thick  at  the  top.  This  aqueduct  was 
built  by  Suleiman  the  Magnificent  in  1550, 
as  a  further  supply  for  the  city.  It  is 
supplied  with  water  from  bendts  in  a  differ- 
ent direction  from  those  which  supply  the 
Crooked  aqueduct,  but  the  waters  of  both 
proceed  in  stone  channels  by  the  sides  of 
the  hills,  winding  with  their  curves  till  they 
reach  and  unite  in  the  aqueduct  called 
equally  that  of  Constantine  and  of  Justinian. 
All  these  aqueducts  have  gilded  inscrip- 
tions in  Turkish,  which  speak  of  their  being 
built  or  restored  by  Turkish  sultans. 

The  so-called  aqueduct  of  Justinian,  be- 
lieved by  historians  to  have  been  built  by 
Constantine,  is  about  twelve  miles  from  the 
city.  It  is  a  very  high  aqueduct  through 
its  whole  length,  being  112  ft.  in  height. 
It  is  840  ft.  long,  and  15  ft.  thick  at  the 
top.  It  has  four  large  arches  of  50  ft. 
span  each  at  the  bottom,  four  similar 
arches  in  the  second  tier,  and  between  each 
arch  and  at  the  ends,  three  tiers  of  smaller 
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arches.  A  gallery  pierces  the  square 
columns  of  the  first  story,  giving  a  passage 
through  its  whole  length  for  promenaders. 
After  leaving  Justinian's  aqueduct,  the 
water  follows  the  right  bank  of  the  river 
Cydaris  on  the  table-laDd,  now  crossing  a 
ravine  on  a  single  arch,  and  anon  piercing 
through  a  hill  for  a  hundred  or  more  feet 
by  a  tunnel,  till  it  reaches  the  elevated 
plain  just  outside  of  the  city  gates  at 
Daoud  Pasha,  where  it  is  discharged  into 
a  receiving  reservoir  and  thence  by  pipes 
of  diverse  construction,  stone,  tile  or  lead, 
to  various  parts  of  the  city. 

In  the  early  days  of  Constantinople,  an 
aqueduct,  which  still  remains  to  constitute 
a  conspicuous  object  as  you  gaze  from 
Galata  upon  the  centre  of  the  city,  was 
built  by  the  Emperor  Yalens,  which  was 
intended  to  convey  the  water  of  Justinian's 
aqueduct  from  the  fourth  to  the  third  hill 
of  the  city.  In  the  year  370,  the  Emperor 
Valens,  wishing  to  revenge  himself  on  the 
city  of  Chalcedon,  just  opposite  to  Constan- 
tinople, razed  its  walls,  and  took  the  stones 
to  build  this  aqueduct.  For  some  unre- 
corded reason,  it  has  long  ceased  to  be 
used  for  the  purpose  for  which  it  was 
erected.  It  rises  prominent  in  the  city, 
dark,  hoar  and  massive,  overgrown  with 
blackbery  vines,  ivy,  and  overhanging 
bushes,  which  are  ever  kept  fresh  by  the 
water  oozing  from  the  stones.  A  path  may 
be  followed  on  its  top  extending  for  the 
length  of  a  mile.  Here  you  find  that  pipes 
are  laid,  by  means  of  which  water  crosses 
its  path,  the  aqueduct  being  used  instead 
of  columns,  at  various  distances,  for  the 
support  of  pipes,  which  constitute  a  kind 
of  inverted  siphon.  Of  these  siphons  I 
will  speak  more  particularly  in  connection 
with  the  next  and  only  remaining  aque- 
duct. 

This  last  aqueduct  is  of  purely  Turkisk 
origin,  and  was  built,  in  the  name  of  the 
mother  of  Mustap  a  III.,  the  Vallde  Sultan, 
a  little  more  than  one  hundred  years  since. 
It  conveys  water  from  the  eastern  end  of 
the  range  of  hills  of  Belgrade,  to  Pera, 
Galata,  and  the  villages  on  the  Bosphorus. 
It  commences,  as  do  the  others,  with  dams 
or  bendts  to  form  lakes  in  the  valleys.  The 
lower  dam  of  this  one  is  of  marble,  400  ft. 
long,  60  ft.  wide  at  the  bottom,  and  130  ft. 
high.  The  promenade  on  this  structure  is 
protected  by  a  stone  balustrade  4  ft.  high  ; 
the  marvellous  effect  of  its  size  is  heightened 
by  buildings  two  stories  high   at  each  end 


for  the  use  of  royal  parties.  The  water 
soon  after  leaving  the  bendt  crosses  a 
valley  by  an  aqueduct  supported  on  two 
tiers  of  arches,  80  ft.  high  and  400  ft. 
long.  A  public  road  passes  under  it.  Its 
top  is  covered  with  marble  slabs ;  the  chan- 
nel is  15  in.  wide  and  18  in.  deep;  the 
velocity  of  the  water,  6  ft.  in  a  second. 
It  has  been  calculated  to  be  able  to  sup- 
ply 6,000,000  of  gallons  in  twenty-four 
hours. 

In  the  winding  course  of  the  canal 
towards  the  south,  there  are  several  breaks 
or  alterations  of  level,  said  to  have  been 
devised  for  the  sake  of  exposing  the  water 
in  its  fall  to  contact  with  the  air.  Branches 
go  off  from  it  to  villages  on  the  Bosphorus  ; 
and  as  it  approaches  Pera  on  the  hill,  its 
water  branches  off  to  go  four  or  five  villages 
of  which  it  is  the  centre,  from  a  receiving 
reservoir  200  ft.  square. 

No  one  of  the  engineers  of  these  aque- 
ducts availed  himself  of  the  fact  that  water 
would  safely  run  in  pipes  and  channels 
having  curves  of  rise  and  fall.  They  had 
not  a  knowledge  of  the  strength  of  cast 
iron  pipes,  and  could  only  use  lead,  or 
tiles  joined  with  cement, Vvhich  might  yield 
to  the  pressure  of  the  column  of  water; 
and  this  may  have  been  the  sufficient 
reason  for  their  choosing  to  depend  on  a 
uniform  descending  flow  of  the  water. 
There  was  an  experiment,  however,  which 
the}7  tried  in  bringing  the  water  of  this 
aqueduct  to  the  city,  which  has  been  uni- 
formly noticed  by  travellers,  and  the  reason 
for  which  it  is  difficult  to  understand,  nor 
have  I  ever  known  it  to  be  satisfactorily 
explained.  When  the  water  canal  reached 
the  edge  of  a  valley  which  it  must  neces- 
sarily cross,  it  was  allowed  to  descend  the 
hill  to  the  foot  of  a  stone  column  30  to  70 
ft.  high  according  to  circumstances  ;  then  a 
pipe  of  lead  conveyed  it  to  the  top  of  the 
column  into  a  small  open  basin  ;  from  this 
basin  it  overflowed  into  a  second  pipe  like- 
wise open  at  the  top,  and  descending  passed 
under  ground  some  hundred  feet  to  a  second 
column  of  the  same  height,  where  the  same 
process  was  repeated ;  and  so  on  till  the  top 
of  the  opposite  hill  or  rise  of  ground  was 
reached. 

As  we  knew  that  the  water  could  in  no 
case  rise  higher  than  the  level  of  the  last 
column  from  which  the  water  had  flowed, 
the  question  arises,  what  advantage  did  the 
engineers  expect  to  gain  by  the  contriv- 
ance ?     Did   they  believe   that  their  pipes 
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would  not  burst  in  the  circumstances  in 
which  they  had  disposed  them,  but  would 
burst  if  carried  continuously  down  and 
across  the  valley  ?  Or  did  they  think  that 
they  could  raise  the  water  higher  than  they 
otherwise  could  at  the  delivery  end  of  the 
aqueduct? 

The  name  they  themselves  gave  to  these 
columns  was  sou-terazou,  or  water  balance, 
which  may  be  a  clue  to  their  theory.  An- 
dreossi  observes  respecting  them:  "It  re- 
quires but  little  attention  to  perceive  that 
this  system  of  conducting  tubes  is  nothing 
but  a  series  of  siphons  open  at  their  up- 
per part  and  communicating  with  each  other. 
The  expense  of  a  conduit  by  water  bal- 
ances is  estimated  at  only  one-fifth  of  an 
aqueduct  with  arcades."  George  Buchanan, 
Civil  Engineer,  thinks  that  Andreossi  has 
misconceived  the  nature  of  this  device. 

These  are  all  the  artificial  means  of 
bringing  water  to  the  city  from  without,  ex- 
cept what  is  reported  to  be  brought  from 
certain  springs  five  or  six  miles  to  the  west, 
from  Kavasskieui  and  Chalcali.  But  from 
the  little  that  has  ever  been  said  regarding 
them,  I  am  confident  that  the  number  of 
persons  supplied  from  thence  must  be  very 
few. 

At  the  present  time  the  Government  is 
engaged  upon  a  new  scheme  for  an  addition- 
al supply,  the  deficiency  being  felt  in  pro- 
portion as  the  population  increases.  The 
stream  which  empties  into  the  harbor  is  to 
be  dammed  up,  and  from  the  surface  of 
the  pond  created,  the  water  is  to  be  raised 
by  steam  power,  100  ft.,  and  conducted  to 
the  city  by  pipes. 

We  now  leave  the  aqueducts  and  come 
to  the  distribution  of  the  water  in  the  cities 
and  villages.  It  is  distributed  into  covered 
cisterns,  to  the  public  fountains,  and  to  the 
mosques  and  khans  ;  but  not  to  private 
houses,  with  few  exceptions. 

Of  cisterns  and  basins,  in  the  time  of  the 
Greek  Empire,  there  were  nineteen  large 
ones  established  in  the  elevated  parts  of  the 
city.  But  owing  to  the  carelessness  of  the 
Turks,  and  possibly  to  different  notions  of 
the  best  method  of  disposing  of  the  water, 
they  may  be  said  to  be  all  of  them  either  in 
ruins  or  not  used  for  the  purpose  for  which 
they  were  created.  The  location  of  them 
all  is  now  known,  and  can  be  pointed  out. 
Some  of  them  have  been  unroofed  (if  they 
were  ever  covered),  and  converted  into  vege- 
table gardens,  or  filled  with  houses  ;  in  one 
is  a  mosque.     Into  others  one   can  grope, 


as  into  the  subterranean  regions  of  a  palace 
in  ruins.  The  most  famous  of  thess  cisterns 
is  the  Bin  bir  direk,  or  Thousand  and  One 
Columns,  which  is  still  complete  in  its  out- 
line. You  descend  from  the  street,  to  the 
bottom  of  it,  about  50  ft.,  and  find  a  few 
score  of  people,  squalid  and  unhealthy, 
availing  themselves  of  the  humidity  of  the 
atmosphere,  to  pursue  their  profession  of 
twisting  silk.  Its  vaulted  roof  is  supported 
by  224  marble  columns,  symmetrically  ar- 
ranged, about  20  ft.  apart,  and  70  It.  high ; 
one-third  of  their  height  being  buried  in 
accumulations  of  earth.  Grated  openings 
have  been  made  in  angles  at  the  top  to 
furnish  a  dim  light.  At  three  points  near 
the  top  may  be  seen  channels  worn  where 
the  water  formerly  ran  in.  It  has  been 
estimated  to  cover  an  area  of  20,000  sq.  ft., 
and  that  it  would  have  contained  1,238,000 
cubic  ft.  of  water,  and  would  alone  have 
sufficed  for  the  consumption  of  the  city  for 
fifteen  days.  The  pillars  bear  occasionally 
an  inscription  in  Greek,  Euge  JPIdloxene  : 
Hail !  stranger's  friend ! 

Another  cistern,  the  knowledge  of  which 
has  been  gained  and  lost  several  times  since 
the  Mohammedan  conquest,  is  called  the 
Yere  Baton  Serai,  or  the  sunken  or  en- 
gulfed palace,  such  is  its'  vastness  and  the 
mystery  with  which  the  perhaps  fabulous 
reports  of  its  extent  cause  it  to  be  regarded. 
It  is  in  the  neighborhood  of  the  Mosque  of 
St.  Sophia,  and  was  built  by  Constantine. 
It  has  also  a  vaulted  roof,  and  is  supported, 
as  far  as  examined,  by  336  granite  columns, 
each  of  a  single  block,  with  Corinthian 
capitals,  and  15  ft.  apart ;  the  length  of  it  is 
marked  by  rows  of  sixteen  columns,  and  its 
width  by  rows  of  twenty-eight,  being  about 
275  ft.  wide  by  475  ft.  long.  The  cistern 
usually  appears  to  the  traveller,  with  the 
columns  hidden  to  two-thirds  of  their 
height  in  water,  but  that  portion  of  them 
which  is  visible  is  covered  with  sculptured 
ornamentation.  The  spot  from  which  you 
gaze  over  its  waters  is  not  a  regularly  con- 
structed opening,  nor  is  it  known  where 
there  is  one  ;  this  has  been  made  by  the 
failure  of  some  of  the  pillars  to  sustain  the 
superincumbent  mass.  The  roof  has  failed 
in  several  other  directions,  not  visible  from 
the  place  where  you  look  in.  It  is  not 
known  who  or  how  many  have  the  means 
of  obtaining  water  from  this  cistern.  Boats 
have  at  times  been  in  use  for  the  curious 
traveller,  and  an  Englishman  is  said  on  one 
occasion  to  have  followed  a  canal  from  the 
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cistern  in  a  boat  for  two  hours  in  a  right 
line,  and  returned  without  reaching  a  termi- 
nation. 

One  quite  perfect  but  empty  cistern  is 
the  Budrum.  It  is  not  as  large  as  some  of 
the  others,  but  is  very  beautiful  in  its  archi- 
tecture. Its  columns  are  three  times  the 
circumference  of  those  in  other  cisterns, 
each  of  a  single  block.  It  is  also  occupied 
by  silk  spinners,  like  that  of  the  Thousand 
and  One  Columns. 

The  original  solidity,  the  number,  the 
capacity  for  holding  water,  and  even  the 
architectural  beauty  of  these  cisterns,  render 
them  a  most  remarkable  branch  of  the 
earliest  Constantinople  water  system.  They 
were  designed  as  cisterns  of  reserve,  either 
to  enable  the  city  to  stand  a  protracted 
siege,  or  to  respond  to  the  necessities  of  the 
population,  when  in  consequence  of  drought 
or  accident  the  water  in  the  reservoirs 
outside  should  be  exhausted.  But  the  con- 
querors of  the  infidels  never  believed  in  a 
coming  time  when  they  should  be  besieged, 
and  their  undertakings  in  architecture  were 
almost  entirely  religious  or  commercial. 
Although  they  have  suffered  these  cisterns 
to  be  disused  or  ruined,  they  might  some  of 
them  be  converted  to  their  original  purpose. 
The  ground  on  which  the  houses  stand  has 
been  gradually  raised  by  the  debris  of  four 
centuries,  and  in  digging  for  the  founda- 
tions of  modern  edifices,  accidents  occa- 
sionally reveal  crushed  cisterns  of  greater 
or  less  extent. 

The  large  use  of  the  public  water  for 
public  fountains  appears  to  be  the  Turkish 
substitute  for  the  public  cistern.  The  word 
fountain  as  employed  in  Turkey  never 
suggests  the  mere  use  of  water  in  an  orna- 
mental jet  cVeau.  It  refers  to  the  place 
where  the  water  carrier  or  the  people  may 
go,  and  by  means  of  a  faucet  draw  water 
for  themselves,  immediately  closing  the 
faucet.  The  structure  over  and  around  the 
pipes  may  be  the  most  costly,  of  the  richest 
stones  and  covered  with  gilding,  so  that 
one  is  astonished  at  its  elaborateness  and 
magnificence,  yet  no  water  is  freely  flowing, 
except  when  some  one  is  waiting  with  a 
vessel  to  be  filled.  The  fountain  is  but  a 
public  pump. 

Some  of  the  fountains,  especially  in  the 
Christian  quarters,  are  as  plain  as  it  is 
possible  for  stonework  to  be  made.  In 
the  Mohammedan  quarters  they  are  very 
numerous,  because  there  is  no  pious  work 
in  which  a  rich  man  so    readily  engages  as 


the  construction  of  a  fountain,  which  bears 
his  name  inscribed  in  poetical  lines,  for  the 
benefit  of  the  people  of  his  quarter,  al- 
though the  water  is  drawn  from  the  public 
aqueducts. 

The  water  carriers  are  under  the  control 
of  the  water  supeiintendent,  and  receive  a 
fixed  and  moderate  price  for  each  skin  of 
water  which  they  empty  at  your  house. 
Twenty  years  since  it  was  not  more  than  a 
penny,  or  a  penny  and  a  half  according  to 
the  distance,  for  the  ten  gallons  of  water  the 
skin  would  hold;  the  water  itself  is  public 
and  free  without  tax  of  any  kind.  In  my 
own  house  this  water  used  to  be  emptied 
into  a  large  mouthed  earthen  jar,  as  large 
as  those  in  which  the  Forty  Thieves  hid 
themselves.  They  are  sometimes  made  as 
large  as  a  hogshead. 

The  water  is  frequently  discolored  after 
rains  with  the  light  loam  of  the  fields  ;  but 
I  never  knew  it  to  have  a  disagreable  odor  or 
taste  derived  from  microscopic  plants. 

The  whole  direction  of  the  bendts  or  lake 
reservoirs,  aqueducts  and  fountains,  is  under 
an  officer  of  high  rank,  who  has  three  to 
four  hundred  Turks  and  Christians  con- 
stantly employed  under  him.  The  pipes, 
as  large  as  3  in.  in  diameter,  are  of  lead, 
cemented  at  the  joints  with  hemp  and  a 
glutinous  mixture.  Some  have  attempted 
to  calculate  the  cost  of  the  various  public 
water  works  and  have  estimated  it  as  high 
as  $50,000,000. 

Thus  much  as  regards  the  public  provi- 
sion of  water.  But  the  record  of  their  ex- 
perience has  long  sing  taught  people  of 
all  classes,  and  especially  the  more  provi- 
dent Christian  races,  not  to  rely  on  the 
aqueducts  alone. 

In  all  the  mosques,  churches,  khans,  and 
in  most  of  the  private  houses,  there  are 
both  wells  and  cisterns.  The  water  of  the 
wells  is  obtained  without  digging  to  great 
depths,  12  to  30  ft.,  but  it  is  invariably 
disagreeably  bitter.  It  is  thoughtfully  used 
for  gardens,  for  cleaning  the  house  and 
laundry  purposes  ;  but  never  for  drinking  or 
cooking. 

In  constructing  a  cistern,  it  is  built  of 
stone  or  brick,  well  cemented,  and  of  the 
greatest  possible  size  that  the  ground  of  the 
edifice  or  house  will  allow.  The  cisterns 
receive  all  the  water  they  can  possibly  col- 
lect from  rain  during  six  months  of  the 
year,  and  the  master  of  the  house  carefully 
keeps  the  key,  that  the  water  may  not  be 
wasted  before  the  dry  season  arrives.     The 
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surface  of  the  roofs  is  large  in  proportion 
to  the  number  of  houses,  because  the 
houses  are  usually  not  more  than  two 
stories  high.  The  water  of  the  first  rains 
of  autumn  is  carefully  turned  off  from  the 
cistern  for  the  sake  of  maintaining  its 
purity.  In  consequence  of  this,  and  the 
absence  of  coal  smoke,  the  water  is  remark- 
ably pure. 

When  the  American  Eobert  College  was 
building  last  year  at  Constantinople,  under 
Dr.  Hamlin's  supervision,  his  first  care  was 
to  have  a  large  cistern  dug  in  its  central 
court,  the  building  being  more  than  100  ft. 
square.  He  both  saves  the  water  of  the 
roofs,  and  obtains  the  privilege  in  winter  of 
filling  it  from  the  aqueducts.  It  is  large 
enough  and  receives  water  enough  for  a 
three  months  supply  and  with  some  to 
spare,  for  a  family  "of  two  hundred  and 
fifty  persons,  through  the  period  when 
there  might  not  have  been  a  drop  of  rain. 
A  well  in  addition  has  been  dug  upon  the 
premises,  from  which  water  may  always  be 
obtained  by  means  of  a  horse  pump. 

In  the  vegetable  gardens,  water  is  drawn 
from  wells  which  are  from  50  to  75  ft.  deep, 
and  20  ft.  diameter  at  the  bottom,  by  means 
of  large  water  wheels  with  buckets,  which 
are  turned  by  a  horse,  and  occasionally  one 
may  see  the  old  fashioned  well-sweep. 

In  addition  to  the  supply  for  houses 
from  the  aqueducts,  there  is  an  arrangement 
for  most  of  the  larger  houses  in  the  villages 
on  the  banks  of  the  Bosphorus,  which  has 
not  been  noticed  by  any  travellers.  The 
shores  of  the  Bosphorus  rise  more  or  less 
precipitously  to  the  height  of  a  hundred  feet 
or  more,  and  then  the  land  stretches  out  in 
a  plain.  The  owners  of  houses  owning 
lands  up  the  hills  tunnel  the  rocky  ledges  a 
distance  of  from  50  to  150  ft.,  and  construct 
receiving  reservoirs  in  the  rock  on  the  sides 
of  the  hills,  and,  conducting  the  water  by 
means  of  cylindrical  tiles  down  the  hill  from 
one  reservoir  to  another,  they  obtain  usually 
from  the  percolation  of  the  water  through 
the  slaty  sandstone,  or  the  flow  from  the 
hollows  in  the  plains  above,  an  abundant 
supply  for  the  year,  available  on  every 
story  of  their  houses. 

There  is  a  fountain  on  the  Asiatic  side 
of  the  Bosphorus  at  Beikos,  which  is  day 
and  night  pouring  out  4  in.  streams  of  water, 
from  several  brass  pipes.  This  water  filled 
into  barrels  is  floated  down  the  current  in 
barges  for  the  wants  of  all  the  shipping 
and  the   Imperial  fleet.     In   fact,  if  Con- 


stantinople were  only  attacked  by  land,  the 
supply  of  water  from  this  and  other  magni- 
ficent and  inexhaustible  springs  on  the 
eastern  side  of  the  Bosphorus  would  be 
abundant  for  its  wants. 

The  facts  already  mentioned  give  a 
general  view  of  the  nature  of  the  arrange- 
ments of  the  water  supply  for  Constanti- 
nople. There  are  still  some  additional  ob- 
servations worthy  to  be  made,  if  they  have 
not  already  suggested  themselves  to  your 
minds. 

1.  The  catchment  basins  receive  water 
from  only  a  very  limited  surface.  As  it 
can  be  traced  upon  the  map,  it  extends  to  a 
very  small  number  of  square  miles. 

2.  The  sides  of  the  hills  are  all  covered 
with  forests  of  oak  and  chestnut,  and  also 
far  beyond  the  spots  whence  any  water 
could  flow  to  the  reservoirs.  This  devoting 
so  large  a  space  to  forest  wildness  within 
ten  miles  of  a  million  of  inhabitants  is  no 
mystery  to  the  people.  It  is  the  result  of  a 
custom,  and  a  stringent  law  enforced  for 
1,500  years,  and  not  a  new  discovery.  The 
edicts  of  the  Greek  emperors  were  very 
early  issued  requiring  the  planting  of  tre<  s 
and  forbidding  any  person  other  than  the 
authorities  to  cut  down  a  single  tree,  and 
the  Turks  enforce  the  same  law.  There 
may  be,  there  are  differences  of  opinion  as 
to  the  physical  laws  by  which  the  perpe- 
tuation of  forests  secures  rain  and  preserve  s 
moisture,  but  there  is  no  difference  as  to  the 
fact  that  with  the  devastation  of  the  forest 
on  the  hill- side,  the  usual  and  regular  flow 
of  water  is  greatly  diminished.  The  subject 
is  discussed  in  more  than  200  pages  in 
Marsh's  "  Man  and  Nature,"  in  which  is  a 
compilation  from  many  authors  on  the  in- 
fluence of  denudation  on  the  land  as  re- 
gards moisture,  and  of  the  conflicting  in- 
fluences which  operate.  No  record  exists 
of  the  destruction  of  these  forests  on  any 
occasion  except  once  in  1823,  when  the 
Janissaries  were  destroyed  by  Sultan  Mah- 
moud.  It  was  a  question  of  life  or  death, 
and  to  drive  the  remnant  of  them  out  of 
these  forests,  they  were  set  on  fire ;  and 
miles  of  trees,  hundreds  of  years  old,  were 
consumed,  and  the  fleeing  Janissaries  were 
shot. 

Other  edicts  prohibited  under  severe 
penalties  the  diverting  of  any  portion  of  the 
water  by  any  individual,  and,  as  is  extra- 
vagantly reported,  requiring  a  pound  of 
gold  for  each  ounce  of  water  stolen. 

':>.  The  quantity  of  water  furnished  by 
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these  aqueducts  is  very  small  when  com- 
pared with  that  furnished  for  the  modern 
cities  of  Europe  and  America.  Andreossi, 
formerly  French  ambassador  in  1814,  the 
most  exact  of  all  who  have  written  upon 
the  subject,  estimated  that  the  quantity 
supplied  for  each  man,  woman  and  child, 
from  all  the  aqueducts,  was  400,000  cubic 
ft.  a  day,  which  is  equal  to  3,200,000  gal- 
lons ;  and,  on  the  supposition  that  the  city 
proper  contains  600,000  inhabitants,  is  only 
two-thirds  of  a  foot  or  five  gallons  a  day  to 
each  person.  We  know  that  in  many  of 
our  cities  the  draft  from  the  aqueducts 
ranges  from  40  to  90  gallons  for  each  per- 
son. Dr.  De  Kay's  calculation,  one  of  less 
exactness,  was  that  15,000,000  gallons  were 
supplied  each  day. 

4.  Water  is  only  provided  for  domestic 
purposes  and  drinking,  and  religious  ablu- 
tions. It  is  not  provided  for  steam  engines 
or  breweries.  There  are  no  hydrants.  The 
tire  engines,  carried  on  the  shoulders  of 
Jour  men,  squirt  the  water  poured  into  them 
only  from  the  skins  of  water  carriers,  in 
case  of  a  fire.  They  will  hold  about  a 
barrel.  The  water  of  the  Albany  aque- 
duct is  used  by  144  steam  engines,  36 
breweries  and  malt-houses,  313  street  hose, 
and  for  other  similar  purposes. 

5.  The  Constantinopolitans  by  no  means 
make  as  lavish  a  use  of  water  as  is  fre- 
quently represented  by  travellers.  Of  course 
the  amount  that  would  be  brought  to  any 
family  by  a  water  carrier  and  paid  for, 
must  be  very  small  when  compared  with 
the  quantity  used  where  it  runs  freely  in  a 
house  from  several  and  many  faucets.  And 
they  do  not  use  nearly  as  much  in  baths 
or  in  religious  ablutions  as  would  be  sup- 
posed. While  it  is  true  that  in  every 
quarter  there  are  public  baths  which  are 
greatly  used,  and  private  baths  of  the  same 
kind  are  not  unfrequent,  yet  it  must  be  re- 
membered that  they  are  only  hot  vapor 
baths.  The  inner  room  is  occasionally 
highly  heated  and  the  air  kept  moist  by  the 
evaporation  of  water  at  times  thrown  upon  the 
hot  floor  and  walls,  to  make  the  heat  agreable 
and  endurable.  One  room  serves  for  all  the 
customers.  After  an  abundant  perspiration, 
the  person  goes  to  a  marble  bowl  and  is 
washed  or  washes  himself  in  warm  water. 
But  the  quantity  of  water  employed  by  any 
person  taking  a  cold  or  warm  bath  by 
immersion  is  probably  three  or  four  times 
as  great  as  would  be  used  by  a  customer  in 
a  public  bath  in  Turkey.   Besides,  the  baths 


are  not  used  by  the  public  generally  dur- 
ing more  than  eight  hours  in  a  day. 

In  the  case  of  ablutions  before  prayer 
five  times  a  day  it  is  purely  ceremonial,  and 
very  little  water  serves  the  purpose.  In 
the  courts  of  the  Grand  mosques  fifty  faucets 
in  a  row  give  out  when  opened  a  tir.y 
thread  of  water,  and  the  intending  wor- 
shipper, crouching  before  it,  touches  his 
ears,  arms  and  ankles  with  the  fluid, 
not  perhaps  consuming  more  than  half  a 
pint. 

6.  A  famine  of  water  is  not  unfrequently 
experienced  in  Constantinople;  a  want  of 
water  is  constantly  feared.  This  is  in  great 
measure  owing  to  the  neglect  and  disuse  of 
the  public  cisterns  which  were  expressly 
designed  to  receive  the  overplus  of  the 
water  from  the  winter  rains.  In  the  sum- 
mer and  autumn  months  it  is  not  unusual 
that  three,  four,  or  five  months  pass  without 
any  fall  of  rain  that  can  be  collected.  At 
such  times,  of  course,  water  is  sold  at  high 
prices  by  those  who  have  cisterns  or  who 
bring  it  from  the  perennial  springs  of  the 
Asiatic  Bosphorus. 

When  water  runs  low  in  the  reservoirs, 
nine  out  of  ten  of  the  public  fountains  will 
be  closed  by  the  water  superintendent; 
those  left  open  will  be  surrounded  by  the 
public  water  carriers,  who  almost  mono- 
polize the  one  faucet  from  which  the  small 
stream  can  be  drawn,  while  a  crowd  of 
men  and  women  press  clamorously  for  a 
turn  to  draw  it  into  their  own  private 
vessels. 

At  such  times  of  drought,  notwithstand- 
ing the  interpretations  usually  given  to  the 
doctrines  of  the  Mohammedans,  as  if  they 
were  absolute  fatalists,  an  interpretation  we 
have  given  on  account  chiefly  of  their  for- 
mer fatuity  in  the  matter  of  submission  to 
the  plague,  yet  when  a  drought  becomes 
serious  the  monarchs  have  issued  procla- 
mations calling  upon  the  faithful  to  as- 
semble and  pray  for  rain.  And  they  have 
been  assembled  in  consequence  by  tens  of 
thousands  on  the  open  plains  around  the 
city,  including  all  the  children  of  the  public 
schools,  and  there  invoked  the  God  of  Leaven 
to  send  rain. 

On  the  summit  of  the  Giant's  mountain 
on  the  east  shore  of  the  Bosphorus  there  is 
a  convent  of  dervishes,  where  in  such  times 
of  drought  a  dervish  watches  the  approach- 
ing answer  to  prayer,  looking  across  the 
waters  of  the  Black  Sea  to  the  north,  to  see 
the  first  rising  of  the  cloud  big  with  rain. 
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And  his  report  is  quickly  heralded  to  the  j 
anxious  citizens. 

In  illustration  of  the  remarks  with  which 
I  commenced,  I  must  again  allude  to  the 
admiration  and  love  of  the  people  for  pure, 
sweet  water.  If  it  is  not  the  sole  beverage, 
still,  its  place  is  not  supplanted  by  mingling 
it  with  spirituous  liquors,  nor  by  using  tea 
or  coffee  as  a  substitute  for  it.  Tea  is  drunk 
by  not  one  in  a  thousand,  and  coffee,  from 
cups  holding  much  less  than  a  gill,  and 
spirituous  liquors,  by  the  few  that  use 
them,  are  swallowed  without  adding  any 
water. 

All  the  fountains  are  supplied  with  cups ; 
at  the  mosques,  water  may  frequently  be 
found  ready  poured  out  in  long  rows  of 
cups  for  each  passer-by  to  take  what  he 
needs,  without  pay  ;  this  provision  being 
made  in  consequence  of  the  pious  legacy  of 
some  individual. 

In  the  business  streets,  there  are  shops 
devoted  principally  to  the  sale  of  water,  by 
the  keg,  or  by  the  glass,  at  one-tenth  of  a 
penny  for  a  glass,  the  water  being  brought 
in  such  cases  from  well-known  and 
favorite  springs,  from  ten  or  fifteen  miles 
distant. 

I  once  spent  a  few  days  at  Alem  Dagh, 
or  "mountain  of  the  world,"  a  village 
twelve  miles  from  the  city,  near  the  hill  of 
that  name.  From  the  foot  of  the  hill,  in 
different  ravines,  burst  out  small  springs  of 
water,  each  of  great  purity,  but  with  a 
slighly  differing  taste.  The  citizens  pass- 
ing the  summer   there,  in  the  morning  or 


evening,  give  their  orders  regarding  the 
water  to  be  brought  to  them.  And  thus 
one  would  say,  bring  me  water  from  Silver 
spring,  another,  bring  me  from  Apple 
spring,  and  another,  from  Diamond  spring, 
and  so  on.  And  when  the  waters  were 
brought,  each  one  could  distinguish  the 
taste  of  his  favorite  water,  from  that  of 
each   of  the  other  springs. 

Pic-nics  and  summer  excursions  are  all 
devised  primarily  to  visit  a  fountain  or 
spring  in  the  country,  rather  than  to  visit  a 
grove  or  a  hill. 

I  will  close  with  only  one  or  two  remarks 
suggested  by  our  circumstances  in  Albany. 
Having  in  mind  the  various  schemes  for  a 
fuller  supply  of  water  proposed  by  the 
worthy  Water  Commissioners,  the  question 
presents  itself,  whether  something  might 
not  be  accomplished  by  maintaining  the 
water  shed  of  our  reservoirs  carefully 
covered  with  a  forest,  and  thus  protect  the 
soil  from  the  influence  of  the  sun  and 
winds,  and  insure  the  rgularity  and  per- 
manence of  the  flow.  These  forests  at  the 
same  time  might  aid  in  protecting  the 
vicinity  of  the  city  from  the  spread  of  the 
dunes  or  sands.  And,  lastly,  the  restriction 
of  the  use  of  public  water  to  the  amount 
specifically  paid  for,  being  only  a  question 
of  time,  all  are  interested  to  provide  for  the 
different  uses  of  city  life,  such  an  amount 
of  water  as  can  be  obtained  from  wells  and 
cisterns  on  their  own  premises.  Others 
also  might  be  maintained  at  the  public 
expense. 
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The  volocity  of  any  machine  is  uniform, 
accelerated,  or  retarded,  according  as  the 
work  applied  to  it  is  equal  to,  greater,  or 
less  than  the  work  done  in  overcoming 
resistances.  For  example,  suppose  a  loco- 
motive to  draw  from  rest  a  train  of  carriages 
on  a  level  line.  Now,  if  the  fuel  supplied 
to  the  furnace  be  in  constant  quantity,  the 
work  applied  will  at  first  exceed  the  resist- 
ance, and  as  the  resistance  increases  with 
the  velocity,  it  will  soon  become  equal  to 
the  work  applied,  and  the  velocity  will  then 
be  uniform.     If  now  the  steam  be  shut  off, 


the  resistance  will  gradually  decrease  the 
velocity,  until  the  train  is  brought  to 
rest. 

The  total  resistance  overcome  by  a  loco- 
motive is  in  this  case  made  up  of: — 

1st.  The  friction  of  the  train,  including 
the  tender,  made  up  of  rolling  and  axle 
friction. 

2d.  The  friction  of  the  machinery  of 
the  engine,  including  its  wheels  and  all 
moving  parts. 

3d.  The  resistance  of  the  air  against  the 
train. 
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4th.  The  back  pressure  on  the  piston 
necessary  to  force  the  waste  steam  up  the 
funnel,  causing  the  blast. 

5th.  If  the  train  ascend  the  gradient,  the 
locomotive  will  have  to  overcome  an  ad- 
ditional resistance  equal  to  the  component 
of  the  total  weight  down  the  incline  ,  but  if 
it  descends,  the  motive  power  will  be  in- 
creased by  the  same  quantity. 

As  an  example,  let  us  find  the  total 
resistance  in  pounds  per  square  inch  on  the 
pistons  due  to  the  motion  of  a  train  weigh- 
ing 80  tons,  including  the  engine  weighing 
25  tons,  travelling  at  the  rate  of  40  miles 
an  hour. 

By  experiment,  it  has  been  found  that 
the  force  of  traction  or  resistance  from 
friction  of  the  train  and  engine,  considered 
as  a  carriage,  is  about  7  lbs.  per  ton,  when 
the  wheels  and  rails  are  in  good  condition ; 
therefore  7  — |—  80  ==  5G0  lbs.  is  the  resistance 
of  the  train  and  engine  due  to  the  rolling 
and  axle  friction. 

To  reduce  this  resistance,  which  is  over- 
come at  a  speed  equal  to  the  velocity  of  the 
train  to  pounds  on  the  surface  of  the  pistons, 
we  must  ascertain  the  ratio  of  the  velocity 
of  the  train  to  that  of  the  pistons,  for  which 
we  require  the  diameter  of  the  driving-wheel 
and  the  length  of  the  stroke.  Let  these  be 
respectively  7  ft.  and  21  in. ;  then  while  the 
driving-wheel  moves  through 


7  X  22 


=  22  ft., 


the  piston  moves  through 

Therefore  by  the  principle  of  constancy 
work 


of 


5-^4??  =3520  lbs. 
3.5 


is  the  resistance  due  to  the  friction  of  the 
train  overcome  at  piston  speed. 

The  friction  of  the  machinery  of  the  en- 
gine is  made  up  of  two  parts — one  fixed, 
namely,  that  of  the  unloaded  engine,  and 
generally  taken  at  1  lb.  per  sq.  in.  of 
piston  area ;  the  other,  which  varies  as  the 
load,  and  is  generally  taken  as  one-seventh 
of  it. 

The  resistance  due  to  the  passage  of  the 
train  through  the  air  is  proportional  to  the 
square  of  the  velocity,  and  is  expressed  by 

.12  M2  I2 


D< 


where  M  is  the  velocity  of  the  train  in  miles 
per  hour,  I  the  length  of  the  stroke,  and  D 
the  diameter  of  the  driving-wheel  in  inches  ; 
substituting  for  these  letters  their  values, 
we  shall  have 

.12  X  40  X  40  x  21  v  21 

7  X  7  x  12  X  12  ~~       ' 

which  is  the  resistance  in  pounds  per  square 
inch  of  piston  area  due  to  the  resistance  of 
the  air,  constituting  part  of  the  load.  But 
we  have  found  the  resistance  due  to  the 
weight  of  the  train  and  engine  to  be  3,520 
lbs.  on  both  pistons ;  therefore,  taking  their 
diameter  to  be  16  in.,  the  sum  of  their  areas 
will  be  402  sq.*in.,  and  this  resistance,  re- 
duced to  pounds  per  sq.  in.  of  piston  area, 
will  be 

?^  =  8.8  1b.  about, 
4U2 

constituting  the  remaining  part  of  the  load. 
The  total  load,  therefore,  is  12  +  8.8  =  20.8 
lbs.  per  sq.  in.  The  friction  due  to  the  load 
is  one-seventh  of  this,  or  3  lbs.  per  sq.  in. 
nearly. 

The  back  pressure  on  the  piston  caused 
by  the  blast  is  proportional  to  the  velocity, 
and  is  taken  as 

28      m 

40   X   D  ' 

the  letters  representing  the  same  quantities 
as  before  ;  therefore,  this  resistance  is 

20  X  40  x  21       B  _  ..  . 

— —  =6.5  lb.  Dearly. 

43  x  7  X  j  ^ 

By  adding  up  these  several  resistances, 
namely : 

Resistance  due  to  weight  of 

train =    8  8  lb.  per  sq.  in. 

Resistance  due  to  resistance 

of  air =12.0  lb.     « 

Friction  of  engine  due  to 

the  load =    3.0  1b.     " 

Friction  of  unloaded  eugine  =    1.0  lb.     "        " 
Resistance  due  to  blast.  ...=    6.5  lb.     "         •' 

Total  resistance =  31.3  lb.      •'         " 

We  find  that  when  this  train  of  40  tons  is 
travelling  at  the  rate  of  40  miles  an  hour 
on  a  level  rail,  the  resistances  to  be  over- 
come amount  to  31.3  lbs.  per  sq.  in.  of  each 
piston ;  so  that  to  maintain  this  velocity  the 
average  pressure  of  steam  throughout  the 
stroke  must  be  46  lbs.  above  a  vacuum. 

This  31.3  lbs.  per  sq.  in.  of  the  pistons  is 
equivalent  to  a  force  of 

2x31.3X201x3.5       __  „ 

—^ =  2o  lb.  per  ton, 

•XL  X  »U  l 
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acting  at  the  rail  or  at  the  speed  of  the  cir- 
cumference of  the  driving-wheel. 

According  to  experiments  by  Mr.  Gooch 
upon  a  train  of  100  tons,  the  average  resist- 
ance of  engine  and  train  at  a  speed  of  44.1 
miles  an  hour  was  25.5  lbs.  per  ton,  which 
agrees  very  closely  with  the  result  of  the 
above  calculations. 

Besides  the  above  resistances,  there  are 
others  which  cannot  be  estimated  separate- 
ly— such  as  that  caused  by  the  vibration  of 
the  ground,  and  the  great  resistance  of  side 
and  directly  opposing  winds. 

The  force  communicated  to  the  driving 
wheels  is  that  necessary  to  overcome  the 
load  due  to  the  weight  of  the  train  and  the 
resistance  of  the  air ;  the  former,  we  have 
seen,  is  3,520  lbs  ,  and  the  latter  is  12  X  402 
=  4,824  lbs.,  both  acting  at  piston  speed; 
the  sum  of  these,  reduced  to  the  velocity  of 
the  driving-wheels,  is  equal  to 
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1.327  lb. 


Now,  it  is  manifest  that  the  friction  between 
the  driving-wheels  and  rails  must  at  least 
be  equal  to  this  force ;  otherwise  the  driv- 
ing-wheels could  not  have  sufficient  "bite" 
upon  the  rails,  and  would  revolve  without 
moving  the  train. 

The  co-efficient  of  friction,  which  we 
may  take  to  be  that  of  wrought  iron  upon 
wrought  iron,  will  vary  much  with  the  state 
of  the  weather,  and  also  with  the  condition 
of  the  tires  and  rails  ;  thus,  when  the  rails 
are  very  dry,  the  friction  may  amount  to  a 
fourth  of  the  weight  upon  the  driving- 
wheels  ;  but  when  they  are  frosty  or 
"  greasy,"  it  may  fall  as  low  as  one-eleventh. 
In  an  express  engine,  weighing  25  tons,  the 
weight  upon  the  driving-wheels  will  be 
about  10  tons,  therefore  in  the  worst  con- 
dition of  the  rails  the  friction  will  be  about 
10-1  lths  of  a  ton,  or  2,036  lbs.,  so  that  in 
this  case  we  have  2,036 — 1,327  =  709  lbs. 
to  spare. 

From  what  has  been  said,  the  apparently 
paradoxical  statement  is  true,  viz.,  that 
although  friction  is  one  of  the  chief  resist- 
ances to  be  overcome  on  railways,  still  it  is 
the  necessary  condition  of  movement  at  all. 
In  the  event  of  the  driving-wheels  slipping, 
which  we  frequently  see  in  damp  weather, 
the  rails  should  be  sprinkled  with  dry  sand 
to  increase  the  friction.  For  this  purpose 
the  locomotive  is  provided  with  sand  boxes, 
from  which  pipes  are  led  to  the  front  of  the 
driving-wheels  just  above  the  rails.     When 


it  is  necessary  to  sand  the  rails,  a  valve  in 
the  box  is  opened  by  means  of  a  handle 
within  reach  of  the  driver. 

In  the  case  of  goods  engines  the  "  bite  " 
of  the  wheels  is  required  to  be  much  greater 
than  in  the  case  of  passenger  engines.  In 
the  former  two  or  more  pairs  of  wheels  are 
coupled  together,  and  the  weight  which 
rests  on  the  coupled  wheels  is  available  to 
produce  friction  ;  sometimes,  indeed,  when 
the  gradients  are  very  steep,  the  weight  of 
the  tender  is  also  made  available  by  coup- 
ling its  wheels  to  those  of  the  engine. 
Thus  in  the  case  of  a  goods  engine  weighing 
30  tons,  of  which  10  tons  rest  on  the 
driving  and  10  tons  on  the  trailing  wheels, 
we  have  20  tons  available  for  friction  when 
these  two  pairs  of  wheels  are  coupled 
together. 


Eeosion  in  "Woolwich"  Obdnance. — 
The  committee  secretly  appointed  to 
inquire  into  the  destructive  action  of  the 
products  of  combustion  on  the  upper  grooves 
and  lands  of  "  Woolwich  "  rifled  ordnance, 
proposes  once  more  to  stop  the  windage  by 
the  use  of  a  thick  wad.  The  "Woolwich  " 
"  system  has  the  disadvantage  of  local 
scoring,"  says  Colonel  Campbell,  the  guu- 
maker ;  and  the  committee,  instead  of  pro- 
posing to  alter  "the  system,"  suggest  the 
oft-tried  remedy — the  wad.  The  Navy  has 
strenuously  objected  to  every  wad  heretofore 
supplied — first,  if  it  breaks  up,  as  dan- 
gerous to  the  loaders  of  weather  guns,  in 
consequence  of  the  burning  fragments  being 
blown  back  upon  the  following  powder 
charge ;  and,  secondly,  if  the  wad  does  not 
break  up  very  small,  as  highly  dangerous 
to  friendly  ships,  and,  in  turret  vessels,  de- 
structive to  the  decks  of  the  vessels  firing. 
If  the  inshore  line  of  the  fleet  recently 
gathered  at  Spithead  were  to  have  tired  at 
targets,  through  the  interstices  between  the 
ships  in  the  outer  line,  the  wads,  if  used,, 
would  have  endangered  the  lives  of  men  in 
the  outer  line.  Yet,  in  naval  warfare,  it  is 
the  common  practice  to  fire  over  or  close 
past  friendly  ships,  with  full  confidence  in 
the  safety  of  the  practice.  It  is  understood 
that  the  committee  of  soldiers,  who,  as 
usual,  decide  these  naval  artillery  ques- 
tions, suggest  that  wads  should  only  be 
employed  in  peace,  when  guns  are  very 
seldom  fired,  but  that  in  war,  when  rapidity 
of  fire  may  be  expected,  the  wads  should  be 
omitted. 
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Africa. — The  rich  hematite  iron  ores 
which  were  in  ancient  times  extensively 
worked  by  the  Romans,  and  abound  all 
along  the  seaboard  of  Africa  as  far  as  the 
Tunisian  frontier,  have  not  hitherto  at- 
tracted as  much  attention  as  might  have 
been  expected  from  their  local  position  and 
excellent  quality,  which  makes  them  so 
suitable  for  the  production  of  Bessemer  pig. 
The  mine  of  Alisi  Mokra,  on  the  banks  of 
Lake  Tetzara,  purchased  by  M.  Talabot, 
has  been  connected  with  the  port  of  Bona 
by  a  railway  some  twenty  miles  in  length  ; 
owing,  however,  to  the  exhalations  of  the 
lake,  the  district  becomes  so  unhealthy  in 
the  summer  season,  that  all  work  has  to  be 
suspended. 

The  great  obstacle  to  the  development  of* 
these  mines  is  the  want  of  fuel  with  which 
the  ore  can  be  smelted  on  the  spot,  as, 
although  there  is  abundance  of  wood,  it  is 
chiefly  cork  oak,  which  is  too  valuable  to 
be  employed  for  making  charcoal ;  all  the 
ore  has  therefore  been  as  yet  exported 
chiefly  to  France,  for  which  object  a 
powerful  line  of  steamers  was  established 
to  run  to  Marseilles.  It  is  now,  however, 
proposed  to  erect  blast  furnaces,  and  smelt 
the  ores,  or  a  certain  amount  of  them,  on 
the  spot,  with  coal  which  the  steamers  can 
bring  as  return  cargo.  A  company  called 
the  "  Franco- Algerienne,"  has  recently  been 
formed  for  working  iron  mines  at  Soumah, 
near  Bonfarik,  in  Algeria,  from  which 
place,  hitherto,  the  exportation  of  ores  to 
France,  Belgium,  Germany,  and  England, 
has  been  at  the  rate  of  about  100,000  tons 
per  annum ;  the  mineral  is  of  excellent 
quality,  quite  free  from  sulphur  and  phos- 
phorus. 

Australia. — A  limited  company,  entitled 
"  The  Fitzroy  Bessemer  Steel,  Hematite 
Iron,  and  Coal  Company,"  has  recently 
been  incorporated  in  London,  for  the  pur- 
chase of  the  Fitzroy  estate  (about  1,702 
acres  freehold  land),  ironworks,  and  coal- 
mines, in  New  South  Wales,  on  the  main 
line  of  railway  from  Sydney  to  Port  Jack- 
son. The  ore  is  stated  to  be  rich  hematite, 
perfectly  free  from  phosphorus,  and  of  a 
peculiar  porous  character,  which  must  facili- 
tate its  reduction.  The  coal  is  said  to  pro- 
duce a  hard  coke  equal  to  the  best  Scotch, 
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and  limestone  is  at  hand  in  abundance,  as 
well  as  fire-clays,  from  which  bricks,  equal 
to  the  best  Stourbridge,  are  made. 

Austria. — The  blast  furnace  of  Kalan,  in 
Siebenbergen,  is  now  being  worked  with  a 
mixture  of  f  ths  coke,  from  lignite,  along 
with  ^th  charcoal. 

From  a  paper  on  the  mining  industry  in 
Tyrol,  published  in  the  Viennese  "  Techni- 
ker,"  we  extract  the  following  data : — The 
iron  ores  smelted  in  the  Tyrol  are  all 
spathic  carbonates  of  iron,  occurring  either 
embedded  in  the  clay-slates  of  Gelraberg, 
at  Pillarsee,  or  in  lodes  accompanied  with 
carbonates  of  lime,  magnesia,  and  barytes, 
in  the  micaceous  clay-slates,  as  at  Schwaz, 
and  other  places  ;  the  poorer  ores  of  Gelra- 
berg— containing  about  2.22  per  cent.  pro-, 
toxide  of  manganese,  0.006  per  cent,  phos- 
phoric acid,  0.028  per  cent,  sulphur,  and 
0.014  per  cent,  copper — are  smelted  at  the 
Pillarsee  Works,  whilst  the  less  pure  ores, 
from  Schwaz,  with  about  from  32.5  to  36.5 
per  cent,  iron,  go  to  the  Jenbach  Works. 
The  roasting  takes  place  in  kilns,  using  as 
combustible  the  small  from  the  charcoal, 
employing  in  24  hours  2\  cubic  ft.  to  cal- 
cine 3  tons  of  ore ;  but  recently  roasting 
kilns  on  the  top  of  the  furnace  were  supplied, 
and  the  waste  gases  have  been  employed 
at  Jenbach,  and  calcine  3  to  3^  tons  iron 
ore  in  the  24  hours.  At  Jenbach,  the  ore 
after  calcination  is  tipped  as  hot  as  possible 
into  tanks,  72  ft  long,  14  ft.  broad,  and  If  ft. 
wide,  where  it  is  washed  with  a  continuous 
stream  of  water,  in  order  to  remove  as 
much  sulphur  as  possible  from  it  (in  the 
state  of  soluble  sulphates)  before  being 
smelted. 

Belgium. — The  last  accounts  bring  us 
the  figures  showing  the  importation  and 
exportation  of  iron  during  the  first  two 
months  of  the  present  year ;  the  importa- 
tion has  increased  from  20,000  tons  during 
the  first  two  months  of  1872,  to  35,000  in 
those  of  1873,  a  result  entirely  due  to 
England,  from  which  country  the  imports 
of  iron  have  increased  from  15,000  to  30,- 
000  tons,  the  additional  15,000  tons  being 
composed  of  8,000  tons  of  pig  iron  and 
scrap,  and  7,000  tons  of  rails.  The  ex- 
portation have  slightly  increased,  being 
35,700  tons  against  33,500   tons  in  the  cor- 
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responding  period  of  last  jTear ;  the  details 
being  an  increase  of  1,000  tons  sent  to  the 
Zollverein,  1,000  tons  to  England,  1,00<» 
tons  to  Brazil,  3,000  tons  to  Spain,  5,000 
tons  to  Italy,  whilst  on  the  other  hand 
there  was  a  diminution  of  2,000  tons  to 
Holland,  8,000  tons  to  Austria,  and  200 
tons  to  the  United  States  of  America. 
Even  this  small  increase  is  supposed  to 
result  from  old  contracts,  which  have  not 
been  renewed. 

The  last  news  from  Belgium  show  a  want 
of  confidence  in  the  state  of  the  iron  trade, 
due  to  scarcity  of  orders,  few  of  the  old 
ones  being  renewed,  and  the  letting  out  of 
many  puddling  furnaces ;  it  appears  to  be 
the  general  impression  that  a  reaction  is 
now  about  to  set  in,  and  that  the  excessive- 
ly high  prices  which  have  ruled  of  late, 
have  at  last  checked  the  consumption  of 
iron.  The  shareholders  of  the  Societe  Thy 
le  Chateau  held  their  meeting  on  the  8th 
March,  when  it  was  announced  that  the 
second  blast  furnace  at  Wey  St.  Martin, 
and  the  group  of  80  coke  ovens,  were  being 
rapidly  proceeded  with.  The  production  of 
the  blast  furnaces  had  been  48,151  tons  of 
pig  iron  (including  527  tons  castings),  and 
the  rolling  mill  had  turned  out  32,851  tons 
of  rails. 

On  the  24th  April,  the  first  rotary  pud- 
dling furnace  on  Danks'  system  in  Belgium 
was  put  in  operation  at  the  Sclessin  Iron 
Works,  with  complete  success,  the  iron  pro- 
duced being  at  the  same  time  pronounced 
to  be  decidedly  superior  to  that  made  from 
the  same  pig  iron  by  hand  puddling.  A 
three-high  rolling  train  on  Louth's  differen- 
tial system  was  also  put  in  work  in  the 
last  week  in  April  at  the  L'Esperance  Iron 
"Works,  at  Liege,  with  such  satisfactory  re- 
sults that  the  company  are  understood  to 
have  already  ordered  three  more  trains  on 
the  same  system. 

Canada. — From  this  country  we  hear  of 
several  new  undertakings  about  to  be 
started  on  a  considerable  scale,  especially 
in  Nova  Scotia,  where  the  construction  of 
the  Inter-Colonial  Eailway  promises,  by 
bringing  the  iron  ores  into  connection  with 
the  coalfields,  to  inaugurate  a  new  era  in 
the  metallurgical  industry  of  the  Dominion. 
Amongst  others,  a  company  to  be  called 
the  British  North  American  Iron  and  Steel 
Company,  with  a  capital  of  £400,000,  is 
about  to  be  brought  out  for  purchasing  the 
Londonderry  and  Acadian  mines,  situated 
in    the   Coun'.y  of    Cumberland,  in   Nova 


Scotia,  and  for  establishing  the  manufac- 
ture of  steel  rails,  wheels,  tyres,  axles,  and 
other  railway  materials,  more  especially 
under  Mr.  Siemens'  patents.  The  ores  in 
question  are  the  native  oxides,  specular  and 
magnetic,  as  well  as  red,  brown,  and  yellow 
hematites,  along  with  ankerite,  a  carbonate 
of  lime  and  iron,  particularly  valuable  as  a 
flux  to  the  other  iron  ores.  The  quantity 
of  these  ores  appears  to  be  very  great,  the 
present  Director  of  the  Geological  Survey  of 
Canada,  Mr.  Selvvyn,  estimating  that  down 
to  the  depth  of  25u  ft.  alone,  there  must  be 
more  than  5^  millions  of  tons  of  available 
iron  ore.  In  quality,  numerous  analyses 
show  them  to  contain  only  a  minimum 
quantity  of  sulphur  and  phosphorus,  along 
with  from  40  to  56  per  cent,  of  metallic 
iron  ;  and  as  coal  of  excellent  quality  can  be 
obtained  from  the  Springhill  collieries  at  an 
estimated  price  of  not  more  than  6s.  6d. 
per  ton,  or  coke  at  12s.  9d.  per  ton  delivered 
at  the  works,  it  is  calculated  that  the  ton  of 
Bessemer  pig  will  not  exceed  a  cost  price  of 
£3  10s.  on  the  works.  It  is  proposed  to 
erect  one  coke  blast  furnace  of  sufficient 
capacity  to  produce  from  300  to  350  tons  of 
pig  iron  per  week,  and  such  a  number  of 
steel  smelting  furnaces  as  will  insure  the 
production  of  about  40,000  tons  of  steel 
ingots  or  30,000  tons  finished  steel  per 
annum,  which  is  estimated  to  cost  about 
£8  per  ton  on  the  works. 

Another  enterprise  in  the  same  direction, 
and  of  very  similar  character,  is  the  pro- 
posed Pictou  Iron  Company,  to  be  formed 
with  a  capital  of  £250,000,  for  acquiring  and 
developing  deposits  of  iron  ores  in  Pictou 
County,  Nova  Scotia,  held  partly  in  fee 
simple  and  partly  under  mining  grants  from 
the  Government  of  Nova  Scotia.  The  ores 
consist  of  spathic  carbonates  of  iron,  con- 
taining 42  per  cent,  of  iron,  red  hematites 
with  50  per  cent,  of  iron,  specular  oxide  of 
iron  containing  60  to  68  per  cent,  and 
brown  hematites  with  from  62  to  65  per 
cent,  of  metallic  iron.  The  ores  have  been 
reported  upon  by  Mr.  Dawson,  and  are 
stated  to  be  practically  inexhaustible,  more 
than  two  millions  of  tons  having  been  al- 
ready proved,  which  can  be  extracted  by 
open-cast  workings,  so  that  it  is  estimated 
that  the  ore  delivered  at  the  furnaces  will 
not  exced  4s.  per  ton. 

Fbakcb  — The  "  Bulletin  du  Comite  des 
Forges  d'Avril,  1873,"  describes  the  French 
ironworks  as  being  actively  engaged  in 
completing  back  orders,  which  will  insure 
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them  full  work  for  a  great  part  of  this  year ; 
at  the  same  time  there  is  becoming  general 
a  rather  anxious  feeling  for  the  future,  since 
it  is  quite  evident  that  the  extremely  high 
prices  of  iron  are  telling  more  and  more 
against  its  increased  consumption,'  espe- 
cially in  the  building  trades,  where  wood  is 
once  more  taking  the  place  of  iron,  and  it 
is  consequently  expected  that  a  diminution 
in  the  demand  will  ensue,  which  cannot 
but  end  in  a  general  lowering  of  prices. 
This  feeling  appears  to  have  increased  ac- 
cording to  the  very  latest  accounts,  and  the 
situation  of  the  iron  trade  is  generally  re- 
garded as  not  nearly  so  good  as  it  was  some 
months  back ;  it  is  rumored  that  some  of 
the  ironmasters  in  the  neighborhood  of 
Maubeuge  are  about  to  put  out  some  of 
their  fires  and  diminish  the  number  of 
their  workmen. 

During  the  first  three  months  of  this  year, 
the  Customs  House  returns  of  the  metallur- 
gical importations  and  exportations  are  as 
follows : — 

142,000  tons  iron  ores  were  imported, 
being  an  increase  of  36,000  tons  over  that 
of  the  same  period  in  1872;  amongst  these 
it  is  remarked  that  the  importation  of  iron 
ore  from  Belgium  has  decreased,  whilst 
that  from  Spain  and  Algeria  has  more  than 
doubled. 

The  exportation  of  pig  iron  has  increased 
by  3,300  tons,  whilst  that  of  ores  has  di- 
minished by  13,000  tons,  as  is  also  the  case 
with  wrought  iron.  The  exportation  of 
rails  is  only  8,000  tons  against  12,000  tons 
exported  during  the  first  three  months  of 
1872  ;  whilst  the  exportation  of  steel  in 
bars  has  diminished  to  one-half,  being  only 
2,500  tons,  instead  of  5,000  tons  during  the 
first  quarter  of  last  year.  In  all,  the  de- 
crease amounts  to  9,000  tons,  and  even  if 
we  give  full  consideration  to  the  fact  that 
1872  was  an  exceptionally  favorable  year, 
yet  it  is  still  evident  that  there  is  a  serious 
falling  off. 

According  to  the  "  Bulletin  du  Comite  des 
Forges  de  France,"  the  total  quantity  of  cast 
iron  made  in  France  during  the  year  1872, 
amounted  to  1,181,262  tons,  of  which  1,002,- 
601  tons  were  smelted  by  coke  in  113  blast 
furnaces,  which  gives  a  mean  production 
per  blast  furnace  of  8,878  tons  per  annum, 
or  34  tons  per  day  of  24  hours.  In  the 
year  1865,  the  mean  was  only  19  tons  per 
day,  obtained  from  121  blastfurnaces,  which 
yielded  a  total  quantity  of  224,453  tons  in 
that  year.    During  1872,  the  total  quantity 


of  charcoal  iron  produced  in  France  was 
178,571  tons  obtained  from  115  blast  fur- 
naces, which  consequently  is  an  average  of 
1,533  tons  iron  per  blast  furnace,  or  about 
4  tons  per  day  of  24  hours.  In  1865,  208 
charcoal  blast  furnaces  were  in  operation, 
and  produced  in  all  377,376  tons  charcoal 
pig  iron,  being  at  the  rate  of  1,814  tons  per 
annum,  or  nearly  5  tons  per  day. 

The  quantity  of  iron  and  steel  rails  sup- 
plied by  the  French  ironworks  to  the  various 
French  railway  companies,  during  the  year 
1872,  is  given  at  104,000  tons  iron,  and 
52,000  tons  (or  nearly  l-3d)  steel  rails,  in 
addition  to  which  11,000  tons  only  were 
imported,  so  that  the  total  consumption  of 
rails  in  1872  in  France  amounted  to  167,- 
000  tons  ;  as  the  production  during  the 
same  year  was  209,841  tons,  it  follows 
that  about  42,000  tons  were  exported  from 
France  to  other  countries.  The  total  con- 
sumption of  iron  in  1872  is  given  at  874,000 
tons. 

As  showing  the  increase  in  the  value  of 
the  metallurgic  exportation  from  the  iron- 
works in  the  basin  of  the  Loire  to  the 
United  States,  it  may  be  mentioned  that  in 
1870  the  value  was  returned  at  266,000 
francs;  in  1871  at  712,000  francs;  but  in 
1872,  at  no  less  than  3,326,000  francs,  or 
considerably  more  than  ten  times  what  it 
was  only  three  years  before. 

Germany. — According  to  the  "  Zeitschr. 
f.  d.  Deutsch-Oesterr.  Eisen.  Stahl  u. 
Maschin.  Ind.,"  1873,  No.  2,  the  employ- 
ment of  iron  ores  imported  from  foreign 
countries  is  becoming  more  and  more 
general  on  the  Rhine,  especially  in  West- 
phalia, for  the  production  of  Bessemer  pig  ; 
for  this  purpose,  at  the  Phoenix  Iron  Works, 
the  following  ores  are  smelted: — Magnetic 
oxides  of  iron,  from  Mokta-el-Hadid,  in  Al- 
geria, containing  no  sulphur,  but  with  from 
0.013  to  0.031  per  cent,  phosphorus  and 
from  0.024  to  0.070  per  cent,  copper ; 
f-pecular  oxide  of  iron  from  Elba  containing 
0.008  per  cent,  phosphorus,  along  with  0.17 
per  cent,  sulphur;  hydrous  red  and  brown 
hematites,  from  Bilbao,  containing  0.28  per 
cent,  sulphur,  0.06  phosphorus,  0.98  bis- 
muth, 0.12  tin,  and  0.02  copper  ;  Servian 
magnetic  oxides  of  iron,  with  0.025  per 
cent,  phosphorus,  and  0.072  copper;  antl 
Swedish  magnetic  ores,  containing  from  a 
trace  to  0.04  per  cent,  sulphur  and  0.02  to 
0.04  phosphorus. 

The  official  statistics  of  the  mining  and 
metallurgical   industries   of    Pius  ia   have 
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been  published,  for  the  year  1871,  by  the 
Ministry  of  Commerce,  Industry,  and  Public 
Works  in  Berlin. 

We  find  from  the  tables,  that  the  total 
make  of  cast  iron  of  all  kinds  amounted 
collectively  to  28,926,868  zollcentners,  or 
1,446,343  metrical  tons,  against  23,111,- 
823  zollcentners,  or  1,155,591  tons,  in  the 
preceding  year,  showing  an  increase  over 
it  of  some  290,753  tons. 

The  total  production  of  wrought  iron  of 
all  descriptions  being  833,473  tons  in  1871, 
as  compared  with  756,092  tons  in  1870, 
these  figures  show  an  increase  of  77,381 
tons,  or  more  than  10  per  cent,  augmenta- 
tion on  the  make  of  the  previous  year. 

The  steel  industry  of  the  Prussian  Pro- 
vinces has  not  been  less  active  during  the 
year  1871,  and  has  also  shown  a  large 
increase  over  the  previous,  and  in  fact  over 
any  former  year's  production.  The  official 
returns  for  1871  show  that  during  this 
year  16,552  workmen  were  employed  by 
the  different  steel  works. 

Looking  back  on  the  three  previous 
years'  returns,  it  will  be  at  once  seen  how 
steadily  the  manufacture  of  steel  has  gone 
on  augmenting  each  year  in  importance,  as 
well  as,  it  may  be  added,  in  the  quality  of 
the  product.  The  following  statement 
shows  the  relative  quantities  made  respec- 
tively in  each  of  the  four  years  from  1868 
to  1871:— 
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Holland. — In  the  Grand  Duchy  of 
Luxemburg  the  Government  has  granted 
400  hectares  (988  acres)  of  mineral  land  to 
a  German  company,  formed  by  a  combina- 
tion of  several  German  Banks,  at  an  annual 
rental  of  300,000  francs  (£12,000),  payable 
for  50  years,  and  the  Luxemburg  owners 
of  ironworks  have  also  constituted  a  syndi- 
cate and  obtained  a  similar  concession  on 
the  same  terms.  These  concessionaires  have 
overtaken  the  obligation  to  consume  in  the 
Grand  Duchy  the  entire  produce  of  the 
mines  conceded,  and  it  is  reported  that  the 


German  company  intend  erecting  ten  blast 
furnaces  at  the  mines.  After  having  made 
these  grants,  it  is  understood  that  the 
Luxemburg  Government  does  not  possess 
more  than  about  300  hectares  of  mineral 
land  (741  acres),  not  already  disposed  of. 

Prom  an  exhaustive  report  on  the  rocks 
and  metallic  deposits  of  the  Grand  Duchy 
of  Luxemburg,  published  in  the  "  Berg.  u. 
Huettenm.  Zeitung,"  1873,  Nos.  4,  6,  and 
12,  we  extract  the  following  data  as  con- 
taining valuable  information  on  the  nature 
of  the  iron  ores  of  this  country. 

IKON  OSES  OF  THE  OLDER  OR  PALEOZOIC  FORMA- 
TION. 

In  the  very  north  of  Luxemburg,  close 
to  the  Belgian  frontier  in  the  Canton  Cleaf, 
near  Niederbesselingen  and  Goesdorf,  there 
are  found  irregular  deposits  of  hydrated 
oxides  of  iron,  generally  containing  much 
quartz  and  very  varying  in  their  percentage 
of  metal;  although  close  to  the  northern 
railway,  these  iron  ores  have  not  as  yet 
been  utilized  owing  to  the  enormous  and 
cheaper  supply  of  ores  from  the  oolitic  for- 
mation. 

IRON  ORES  OF  THE  LIAS  FORMATION. 

Clay  ironstones  are  found  at  Schouweiler, 
running  westwards  over  Garnich  and  Fingig 
across  the  Belgian  frontier — they  are  only 
about  4  ft.  thick,  and  yield  about  10  tons 
per  100  square  yards.  The  upper  portion 
of  the  deposits  is  richest  in  iron,  and  the 
ore,  when  smelted,  produces  a  good  pig  iron; 
usually,  however,  it  is  employed  in  admix- 
ture with  the  so-called  Minette.  At  the 
mine  mouth  the  ore  is  sold  at  between  3 
and  4  francs  per  ton. 

IRON  ORES  OF  THE  OOLITE  FORMATION. 

The  so-called  "Minettes,"  which  are  by 
far  the  most  important  of  the  iron  ores  of 
this  part  of  the  Continent,  pertain  to  tliis 
formation,  and  seem  to  have  been  worked 
for  iron  even  in  the  time  of  the  Komans. 
On  the  large  scale,  however,  they  were  first 
utilized  about  twenty  years  ago  by  M. 
August  Apetz,  and  at  present  about  two- 
thirds  of  the  ore  extracted  is  smelted  in  the 
country,  whilst  the  remaining  third  is  ex- 
ported to  Belgium,  or  to  the  neighboring 
French  and  German  furnaces.  The  entire 
minette  deposits  extend  over  an  area  of 
about  22,000  acres,  of  which  about  2,500 
acres  can  be  worked  open-cast.  Usually 
500  tons  ironstone  are  estimated  to  the  100 
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square  metres,  and  at  present  about  three 
millions  of  tons  are  extracted  yearly  by  a 
force  of  between  3,000  and  4,000  hands. 

The  minettes  are  all  impure  hydrated 
oxides  of  iron,  resulting  from  the  oxidation 
of  carbonate  of  iron;  and,  from  their  losing, 
when  calcined,  both  water  and  carbonic 
acid,  they  acquire  a  degree  of  porosity 
which  greatly  facilitates  their  reduction  in 
the  blast  furnaces. 

IRON  ORES  OF  THE  QUATERNARY  FORMATION. 

These  ores,  commonly  called  Bohnenerze 
(bean  ore)  in  Germany,  are  similar  to  the 
bog  iron  ores,  being  limonites,  that  is  to 
say,  hydrated  oxides  of  iron ;  the  grains  or 
pebbles  of  ore  generally  have  become,  how- 
ever, so  much  more  compact  than  those  of 
bog  ore,  that  when  extracted  from  the 
diluvial  deposits  in  which  they  abound, 
they  can  be  separated  from  the  earthy  mat- 
ter by  washing  with  water.  They  are 
classed  into  two  sorts,  called  respectively 
strong  iron  ores  and  weak  iron  ores,  ac- 
cording as  the  pig  iron  produced  from  themis 
found  to  be  more  or  less  strong.  The  strong 
ores,  which  may  very  possibly  pertain  to 
the  tertiary  formation,  have  been  for  the 
greater  part  worked  out  in  this  district ; 
they  are  paid  for  at  the  mines  or  washing 
places  at  the  rate  of  12  francs  per  ton,  and 
occur  as  brown  or  black-brown  grains  or 
nodules  of  the  size  of  a  hazel  or  walnut, 
sometimes  cemented  together  by  an  ochrey 
cement,  as  is  also  the  case  with  the  weak 
ores,  which  present  all  shades  of  yellowish 
brown,  up  to  deep  black-brown,  and  in  both 
cases  the  specific  gravity  varies  from  2.7 
to  3.25. 

Italy. — During  the  year  1872,  a  royal 
commission  has  been  inquiring  into  the 
condition  of  Italian  industry,  and  has  re- 
cently published  the  report  of  the  results. 
With  regard  to  the  duty  on  the  importation 
of  pig  or  unmanufactured  wrought  iron, 
many  manufacturers  examined  desired  it 
ei  her  abolished  altogether,  or  reduced  so 
as  to  be  more  in  proportion  to  the  duty  on 
machinery  and  manufactured  articles. 
Several  of  the  engineering  firms  declared 
they  could  hold  their  ground  against  Eng- 
lish competition,  as,  though  fuel  and  iron 
were  dearer,  labor  of  excellent  quality  was 
vastly  cheaper  than  in  England  In 
Florence,  two  of  the  witnesses,  MM. 
Masson  and  Bozza,  the  former  owner  and 
the  latter  manager  of  ironworks,  when 
asked  whether  it  was   more  advantageous 


to  smelt  iron  in  Italy  or  import  it  from 
England,  gave  opinions,  the  first  in  favor 
of  the  importation  if  charcoal  was  to  be 
used  for  smelting  in  Italy,  whilst  the  latter 
maintained  the  reverse  opinion,  on  the  un- 
derstanding that  coal  could  be  employed. 
M.  Bozza  deprecated  the  proposal  before 
the  Italian  Parliament,  that  the  Elba  iron 
mines  should  be  put  up  to  public  auction, 
as  its  effect  would  be  to  throw  them  into 
the  hands  of  English  speculators,  who 
would  outbid  all  Italian  competitors,  and 
afterwards  raise  the  price  of  ore  so  high  as 
to  make  the  economical  smelting  of  iron  in 
Italy  quite  an  impossibility.  M.  Langer,  to 
prevent  the  Elba  ores  being  entirely  lost  to 
the  Italian  ironmasters,  proposed  that  a 
heavy  export  duty  should  be  imposed  upon 
them. 

New  Zealand. — The  Colonial  Industrial 
Committee,  which  sat  during  the  last 
months  of  1872  at  Wellington,  have  re- 
ported on  the  magnetic  iron  ores  of  the 
colony,  and  recommended  the  New  Zealand 
Government,  with  a  view  to  the  encourage- 
ment of  local  industry,  to  oifer  a  bonus  of 
£5,000  for  the  production  of  the  first 
thousand  tons  of  good  pig  iron  made  in  the 
colony,  and  of  £1,000  for  the  first  hundred 
tons  of  steel  made  from  the  Taranaki  iron 
sands.  At  Wellington,  a  company  has 
been  formed,  with  a  capital  of  £50,000,  in 
shares  of  £10  each,  to  be  entitled  the  New 
Zealand  Titanic  Steel  and  Iron  Company  ; 
but  as  yet  we  have  not  received  fuller  par- 
ticulars as  to  its  objects  than  are  conveyed  by 
its  title. 

Russia. — From  the  report  of  the  mining 
department  of  St.  Petersburg  for  1870, 
which  has  reached  us  since  the  publication 
of  our  last  foreign  report,  it  appears  that  the 
total  number  of  iron  mines  in  work  during 
that  year  in  Russia  amounted  to  1,283, 
and  that  these  gave  employment  to  164 
smelting  works  containing  245  blast  fur- 
naces, besides  which  there  were  in  opera- 
tion 214  iron  and  steel  works  containing 
448  puddling  furnaces,  689  balling  and 
heating  furnaces,  495  steel  cementing  fur- 
naces, 924  forges,  161  cupolas,  and  93  air 
furnaces. 

In  the  "  Russian  Mining  Journal,"  1872, 
we  find  a  description  of  the  Knonisky  Iron 
Works,  by  M.  Kalinin.  This  establish- 
ment belongs  to  the  Countess  Stroganov, 
and  is  situated  in  the  Government  of  Perm, 
about  235  versts  from  the  city  of  Perm. 
It   was   founded  in  1859,  when  two  blast 
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furnaces  were  erected,  and  318  workmen 
were  settled  there,  with  plots  of  land  given 
them.  The  mines  are  situated  at  a  dis- 
tance of  from  10  to  50  miles  from  the  works, 
mostly  in  a  north-westerly  direction,  and 
produce  spathic  carbonates  and  brown 
hematites  containing  from  2  to  6  per  cent, 
oxide  of  manganese,  and  averaging  from 
32  to  50  per  cent,  metallic  iron.  They  con- 
tain but  a  trace  of  sulphur,  and  are  con- 
sidered to  be  quite  free  from  phosphorus ; 
the  iron  produced  is  of  excellent  quality. 

The  ores  are  roasted  at  the  mines  by 
wood  before  they  are  carried  to  the  blast 
furnaces,  where  they  are  smelted  by  char- 
coal, made  from  pine  and  birch  in  the 
Tyrolese  system  of  horizontal  charring 
heaps.  The  blast  furnaces  are  two  in 
number,  one  of  which  "  Sergievsky,"  with 
an  internal  capacity  of  54.9  cubic  metres 
(about  1,940  English  cubic  ft.),  is  blown 
with  cold  air  through  two  open  tuyeres, 
whilst  the  other,  "Natalievska,"  is  of 
64  cubic  metres,  or  2,260  English  cubic  ft. 
internal  capacity,  and  uses  hot  blast  with 
two  closed  tuyeres.  The  blowing-engine 
has  three  cylinders,  and  is  driven  by  a 
water  wheel  of  26  horse-power.  These  two 
furnaces,  taken  together,  turn  out  yearly 
somewhat  more  than  6,000  tons  of  pig 
iron. 

In  the  same  journal  we  find  a  statement 
of  the  production  of  cast  and  wrought  iron 
in  tne  Ural  district  for  each  successive  ten 
years,  commencing  from  1797,  which  is  as 
follows : — 


Years. 

Cast  Iron. 
English  tons. 

Wonphtlron. 
English  tons. 

1797_!807 

103,794 
101,743 
lln.268 

121,760 
136,028 
160,055 
201,303 

61613 

1807—1817 

64,405 

1817—1827 

73  681 

1827—1837 

80,441 

1*37—1847 

94,044 
113,648 

1847—1857 

1857—1867 ..'. 

129,380 

In   the  year   1871,  the  mines    in   Finland 
yielded  1,121,197  tons  of  iron  ore. 

Spain.— In  the  "Mineria,"  1S73,  No.  18, 
attention  is  directed  to  the  numerous  de- 
posits of  iron  ores  which  occur  in  Catalonia, 
many  of  which  might,  no  doubt,  be  utilized 
for  the  exportation  of  ores  to  France  and 
other  countries.  In  the  Province  of  Gerona, 
the  Yalle  de  Rivas  contains  deposits  of  red 
and   brown  hematites,   spathic  carbonates, 


and  the  specular  and  magnetic  oxides  which 
occur  in  the  lower  silurian  beds,  and  are  of 
excellent  quality.  In  the  Catalan  forges 
they  yield  50  per  cent,  of  wrought  iron, 
which  would  be  equivalent  to  about  60  per 
cent,  pig  iron  if  the  ores  were  to  be  smelted 
in  blast  furnaces ;  being  close  to  the  new 
line  of  railway,  now  in  course  of  construc- 
tion from  Grenollers  to  San  Juan  de 
Abadesas,  fuel  could  be  conveyed  to  the 
mines,  and  the  ores  smelted  on  the  spot, 
for  which  water-power  and  other  facilities 
are  found  in  the  immediate  neighborhood. 
In  other  parts  of  this  province  the  mines 
of  San  Lorenzo  de  la  Muga,  Massanet  de 
Cabrenys,  Darnius,  Angles,  and  la  Sellera, 
are  so  far  inland,  and  without  means  of 
obtaining  wood  or  fuel,  that  they  are  not 
likely  to  come  into  work  at  present ;  but, 
on  the  other  hand,  those  of  Bagur,  Puerto 
de  la  Selva,  and  Cadaques,  from  being  close 
to  the  sea,  could  no  doubt  be  made  use  of 
for  exporting  ore  to  other  countries. 

In  the  province  of  Barcelona,  besides 
the  important  deposit  of  magnetic  iron  ore 
at  Eigaro,  large  quantities  of  native  oxides, 
associated  with  spathic  carbonates  of  iron, 
and  occurring  either  in  the  Devonian  lime- 
stone or  silurian  slates,  are  found  near  the 
villages  of  Gracia,  Gava,  Malgrat,  and 
Santa  Susana ;  those  of  Gracia  are  not  more 
than  11  miles  from  the  harbor  of  Barce- 
lona ;  the  ores  from  Gava,  although  more 
distant,  can  also  be  shipped  from  the  same 
port,  besides  having  facilities  for  being 
shipped  on  the  beach  at  Castell  de  Fels  and 
Gava.  The  magnetic  ores  of  Eigaro  are 
only  about  2  miles  from  Barcelona,  on  the  im- 
mediate high  road  to  Yich,  and  very  soon  may 
be  transported  by  the  San  Juan  Eailway  ; 
the  ores  of  Malgrat  and  Santa  Susana  are 
close  to  the  shore  at  Malgrat,  and  also  to 
the  line  of  railway  from  Barcelona  to 
Gerona. 

In  the  province  of  Lerida,  large  deposits 
of  red  and  brown  oxides  of  iron  occur  in  the 
Devonian  formation  of  Bausen  in  the  Yalle 
de  Aran  and  in  the  Silurian  slates  of  Lins 
and  Comadrins ;  more  than  50  per  cent, 
wrought  iron  is  obtained  from  the  ores  in 
the  common  Catalan  forges  of  the  district ; 
in  Montanissele,  Durro,  and  Tasel,  the  same 
ores,  with  more  spathic  carbonate  and 
micaceous  oxide,  are  seen  forming  lodes 
and  masses  in  the  silurian  slates,  and 
lastly  in  the  cretaceous  formation  of  Mont- 
sech,  large  deposits  of  micaceous  oxide  of 
iron,   containing   65   per  cent,  of  metallic 
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iron  ore,  are  met  with,  which  have  been 
found  of  excellent  quality  and  quite  free 
from  sulphur  and  phosphorus  ;  should  rail- 
way communication  be  opened  from  this 
district  to  France,  these  ores  might  assume 
considerable  importance. 

In  the  province  of  Tarragona,  the  native 
oxides  of  iron  also  occur  in  abundance  at 
Los  Borjas  del  Camp,  Alforja,  Albiol, 
Dosaigiias,  Pla  and  Pla  de  Cabra,  none  of 
which  deposits  have  as  yet  been  explored  to 
any  extent,  and  with  the  exception  of  those 
of  Los  Borjas  and  Albiol,  most  of  them 
would  require  new  means  of  communica- 
tion ;  these  two  last-mentioned  could,  how- 
ever, be  easily  shipped  from  the  port  of 
Tarragona. 

From  Germany  we  hear  that  Krupp,  of 
Essen,  has  purchased  iron  mines  in  the 
north  of  Spain,  in  order  to  supply  his 
steel  works,  at  Essen,  with  Bessemer  pig 
iron. 

Sweden. — The  greatest  activity  has  pre- 
vailed amongst  the  Swedish  ironworks,  and 
every  nerve  has  been  strained  to  increase 
the  production  of  iron  whilst  the  prices  con- 
tinue so  high  as  at  present.  The  great 
rise  in  price  of  Swedish  charcoal  pig  iron 
during  the  last  ten  years,  as  compared  with 
previous  years,  may  be  seen  from  the  fol- 
lowing figures,  quoted  from  the  "  Svensk 
Boerstidning,"  the  prices  being  nett  cash  at 
the  ironworks  : — 

1*63 £i    0  0  per  ton. 

1864 3  19  0  " 

18(55 3  19  0  " 

1866 3  19  0  " 

1N67   3  16  0  " 

1868 3  15  0  " 

1«<39 .  3  13  0  " 

1870 3  10  0  " 

1871 3  12  0  " 

3872   5  15  0  " 

1873 9     0  0  " 

and,  as  may  naturally  be  expected,  the 
prices  of  both  ore  as  well  as  charcoal,  more 
particularly  the  latter,  have  gone  up  enor- 
mously. 

The  Directors  of  the  Central  Swedish 
Iron  and  Steel  Company  have  announced  to 
the  shareholders  that  the  two  new  charcoal 
furnaces  of  unusually  large  dimensions, 
which  have  been  building  at  Bjorneborg, 
are  now  nearly  completed,  and  will  be  put  in 
blast  in  June,  for  the  production  of  Besse- 
mer steel  on  the  Swedish  system,  by  running 
the  molten  charcoal  pig  iron  direct  from  the 
furnaces  into  the  Bessemer  converters. 
The   old   charcoal   blast  furnace    and   the 


several  forges  have  in  the  meantime  been 
kept  in  full  operation. 

Tasmania. — It  would  appear  from  all  ac- 
counts that  the  discoveries  of  iron  ore  in 
the  north  of  this  island  are  likely  to  be 
followed  up  energetically  by  the  utilization 
on  the  large  scale  ;  preliminary  experiments 
in  smelting  the  ore  have  been  made  at 
Messrs.  Drysdale  and  Frazer's  foundry,  at 
Melbourne,  which  are  reported  to  have 
been  highly  successsful,  the  pig  iron  made 
from  it  being  declared  of  excellent  quality, 
and  a  bell  weighing  210  lbs.,  cast  from  it, 
has  been  forwarded  to  the  Universal  Exhi- 
bition at  Vienna,  along  with  samples  of  the , 
ore.  There  appears  to  be  two  companies 
already  formed  for  working  the  deposits, 
situated  about  five  miles  from  Ilfracombe 
Bay,  where  there  is  good  accommodation 
for  shipping ;  the  ore,  which  is  brown 
hematite,  is  stated  to  contain  between  60 
and  70  per  cent,  of  metallic  iron,  and  is  in 
great  abundance  ;  and  as  there  is  an  equally 
abundant  supply  of  wood  in  the  immediate 
neighborhood  for  conversion  into  charcoal, 
it  is  believed  that  it  will  be  more  advan- 
tageous to  smelt  with  this  fuel  in  order  to 
produce  a  superior  class  of  iron  and  steel, 
as  it  is  calculated  that  crude  charcoal  steel 
can  be  manufactured  and  delivered  in 
London  at  £9  per  ton.  Some  2,000  to 
3,000  acres  of  mineral  land  have  been  al- 
ready taken  up,  and  the  Ilfracombe  Iron 
Company,  represented  by  Mr.  J.  Major,  is 
making  preparations  to  erect  works  on  the 
banks  of  the  River  Tamar  for  the  produc- 
tion of  pig  iron,  and  to  construct  a  tram- 
way about  six  miles  from  the  mines.  The 
original  prospectus  is  said  to  have  been 
withdrawn,  and  the  property  to  be  now  in 
the  hands  of  ten  gentlemen  (who  have  each 
subscribed  £1,000),  of  whom  all  are  Victo- 
rians, except  one,  who  is  a  resident  in 
Tasmania. 

According  to  the  latest  advices  from  this 
colony,  it  appears  that  iron  ores  have  very 
lately  been  met  with  in  the  south  of  the 
island  also  ;  the  new  discoveries  are  reported 
to  be  red  hematite  ores. 

Turkey. — So  very  little  is  known  respect- 
ing the  manufacture  of  iron  in  Turkey,  that 
the  opportunity  is  now  taken  of  extracting 
a  few  notes  on  this  subject  from  a  paper  en 
the  extraction  of  metals  in  Turkey,  published 
by  M.  Fischbach,  the  engineer-in-chief  of 
mines  and  roads  at  Salonica,  in  Asia  Minor, 
in  the  "  Berg  u.  Huettenman.  Zeitung," 
28  March,  1873. 
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The  sites  of  iron  smelting  in  olden  times 
are  recognizable  by  the  great  heaps  of  slag, 
seen  for  example  between  Pristina  and 
Jilan,  Egri-Pallanka  and  Giustendel,  in 
the  vicinity  of  Alendagh,  near  Constantino- 
ple, and  many  other  places.  The  best,  and 
in  fact  the  only  ore  employed  is  the  rich 
native  oxide  of  iron  in  the  form  of  iron 
sand,  which  is  found  in  the  sands  of  the 
streams  and  rivers  where  they  enter  the  gulf 
of  Alcxandretta,  and  where  their  deposited 
matter  becomes  washed  by  the  waves  of  the 
sea;  this  brownish  or  bluish  black  sand 
always  contains  particles  of  gold  in  fine 
dust  or  scales,  for  which  in  some  localities 
it  is  worked  by  washing,  and  to  the  admix- 
ture of  which,  the  extreme  malleability  and 
good  qualities  of  the  iron  made  from  these 
sands  have  by  some  been  attributed. 

The  largest  quantities  of  such  iron  sands 
are  obtained  in  the  neighborhood  af  Sama- 
Kof,  by  washing  the  deposits  of  gravel, 
boulders,  and  sand,  and  this  is  also  the  case 
in  the  mountain  range  between  Kirtschovo 
and  Costivar,  at  Poretsche,  Vrania,  Sofia, 
Demirhissar,  etc.  The  operations  are  of 
the  rudest  character,  the  banks  or  deposits 
of  gravel  and  sand  being  broken  down  and 
pushed  into  an  extremely  strong  current  of 
water,  flowing  from  a  great  height,  from 
canals  provided  with  sluices,  by  the  aid  of 
iron  pointed  poles  and  mattocks  ;  the  stones, 
earth,  and  sand,  as  well  as  the  trees  and 
other  vegetation  upon  them,  are  carried 
away  to  the  washing  place,  where  the 
muddy  water  deposits  the  iron  sands  in 
long,  but  very  narrow  wooden  troughs 
(from  15  to  18  ft.  long  and  about  8  in. 
deep  and  wide),  in  which  they  are  still 
further  washed  by  the  workmen,  until  the 
nearly  pure  iron  sand  remains  behind,  by 
which  rude  system  very  much  of  the  iron 
sand  itself  is,  as  might  be  expected,  also 
carried  off  with  the  water.  The  iron  sand 
is  then  carried  by  donkeys  and  mules  to  the 
smelting  places,  situated  in  the  woods 
amongst  the  mountains  and  in  the  neighbor- 
hood of  waterfalls.  Such  washed  iron  sand 
is  paid  for  at  the  rate  of  about  fourpence 
English  per  hundredweight. 

The  reduction  takes  place  in  small  fur- 
naces, generally  arranged  in  couples  or 
fours  together,  which  are  from  8  to  10  ft. 
in  height,  29  in.  wide  below,  and  13  in. 
above ;  in  these  the  damp  iron  sand  is 
stratified  with  charcoal  and  a  little  green 
wood,  and  melted  for  eight  hours,  with  the 
assistance  of  a  pretty  strong  blast  obtained 


from  bellows  worked  by  overfall  water 
wheels  ;  at  the  end  of  the  eight  hours,  the 
bloom  is  broken  out  of  the  bottom  of  the 
furnace,  when  it  is  found  to  weigh  from  175 
to  225  lbs.,  and  consists  of  a  mass  of  ex- 
tremely ductile  tough  iron,  covered  by  a 
crust  of  slag  and  unreduced  iron  sand ; 
this  is  dragged  to  some  little  distance 
from  the  furnace,  and  whilst  still  white 
hot  is  cut  into  about  two  equal  pieces  by 
naked  workmen  standing  opposite  one 
another,  with  axes,  who  accompany  their 
blows  by  wild  shouts  for  the  purpose  of 
keeping  time  and  warning  each  other  to 
guard  against  the  glowing  sparks  thrown 
off  at  each  blow  ;  as  the  mass  cools  towards 
the  end  of  the  operation,  the  labor  is  ex- 
tremely severe,  especially  in  winter,  where 
in  these  high  mountains  the  ground  is 
covered  with  snow  and  ice.  The  blooms 
thus  halved  are  sent  on  mules  to  the 
hammers,  where,  after  reheating,  they 
are  drawn  out  into  flat  bars  of  irregu- 
lar dimensions.  The  hammers  weigh  about 
5  cwt,  have  enormous  wooden  shafts,  and 
are  driven  at  250  strokes  per  minute,  by 
large  overfall  water  wheels  made  of  wood 
put  together  with  iron  nails.  Notwith- 
standing the  superiority  of  this  native  iron 
in  quality,  its  irregular  form,  the  taxes 
placed  on  its  production  by  the  Turkish 
Government,  and  the  cheapness  of  foreign 
iron,  on  which  a  very  low  import  of  duty  is 
now  imposed,  conspire  to  put  an  end  to  this 
industry  except  in  the  more  remote  districts. 

United  States. — All  accounts  combine 
in  reporting  the  greatest  activity  as  pre- 
vailing in  every  department  of  the  iron 
trade,  yet  it  appears  evident  that  much  re- 
mains to  be  done  before  the  production  of 
iron  and  steel  in  the  United  States  can 
anything  like  supply  the  ever  increasing 
home  consumption ;  and  notwithstanding 
the  great  resources  of  this  country  in  bo  til 
coal  and  iron  ores,  it  seems  probable  that 
it  will  not  be  able  to  render  itself  indepen- 
dent of  European  importations  for  at  least 
the  next  ten  years  to  come. 

An  interesting  and  useful  paper,  en- 
titled "An  analysis  of  the  cost  and  de- 
sctiption  of  the  methods  of  mining  em- 
ployed in  the  Marquette  iron  region,  Lake 
Superior,  Michigan,"  was  read  by  Major 
J.  B.  Brooks,  at  the  meeting  of  the  American 
Society  of  Civil  Engineers,  March  6,  1872.  It 
has  subsequently  appeared  in  the  Transac- 
tions of  the  Society,  and,  as  an  example  of  a 
careful  inquiry  into  the  expense  of   each 
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item  in  the  total  cost  price  of  the  ton  of 
these  specular  and  magnetic  iron  ores,  can- 
not too  highly  be  recommended  to  a  vast 
number  of  mine  managers'  attention,  as  it 
is  too  common  to  find  that  the  total  cost  of 
the  ore  is  alone  known,  without  that  of  the 
detailed  items,  a  knowledge  which  is  of 
the  greatest  importance  in  order  to  become 
acquainted  with  those  items  upon  which 
economies  can  be  effected. 

We  have  to  thank  the  secretary  for  for- 
warding us  the  statistical  report  of  the 
National  Association  of  Iron  Manufacturers, 
for  1872,  the  meeting  of  that  body  having 
been  held  on  the  8th  January,  1873,  in 
Philadelphia ;  from  this  volume  we  venture 
to  extract  the  following  data,  as  they  seem 
likely  to  interest  many  of  our  readers. 
Although  the  exact  returns  for  the  year 
1872  had  as  yet  not  been  received,  many 
statements  of  the  production  of  pig  iron  in 
the  United  States,  for  that  year,  had  al- 
ready been  published,  which  the  secretary 
of  the  Association  criticises,  and  arrives  at 
the  conclusion  that  the  total  make  had  been 
generally  over-estimated,  and  that  the 
figures  2,250,000  tons  would  be  the  closest 
approximation  to  the  true  total  make  of 
pig  last  year  in  the  United  States ;  the 
value  of  this  quantity  is  estimated  at,  in 
round  numbers,  £18,000,000 ;  the  total 
produc  ion  of  wrought  iron  is  put  down  in 


1872,  as  1,602,000  tons,  of  which  quantity 
rails  are  estimated  not  to  exceed  750,000 
tons. 

The  Bessemer  steel  works  in  operation 
or  in  course  of  construction  in  1872  Avere  12 
in  number,  as  follows  : — 

New  York. . .  .John  A.  Griswold  &  Co.,  at  Troy. 
Pennsylvania.  The  Pennsylvania  Steel  Company,  Ilar- 
risburg. 

. .  The  Camhria  Iron  Company.  Johnstown. 

-  ..The  Bethlehem  Iron  Company,  Bethle- 

hem (building). 

.  .The  Ed^ar  Thomson  Steel  Works,  Pitts- 

burg (projected). 

. .  The  Sharps  ville  Bessemer  "Works,  Sharps- 

ville  (projected). 

Ohio The  Cleveland  Boiling  Mill  Company, 

Cleveland. 

Illinois The  North   Chicago  Rolling  Mill  Com- 
pany, Chicago. 
..The  Union  Iron  Company,  Chicago. 

..The  Joliet   Iron    and    Steel  Company, 

Joliet. 

. .  The  Sprinpfield  Iron  Works,   Springfield 

(building). 
Missouri The    Vulcan    Iron  Works,   Carondelet 

(projected). 
Indiana The  Indianapolis  Rolling  Mill  Company, 

Indianapolis. 

The  total  amount  of  pig  iron  converted 
into  steel  in  1872  by  the  Bessemer  process 
in  the  United  States  was  125,361  tons  ;  of 
the  steel  from  this  quantity  90,000  tons  of 
steel  rails  are  returned,  the  rest  being  em- 
ployed for  axles,  tyres,  etc.  ;  pig  iron  for 
making  Bessemer  steel  can  now  be  obtained 
with  facility  from  several  districts  in   the 


YEAR. 

Pig  iron, 

made  by 

Bituminous 
raw  coal 
and  coke. 

Total. 

Railroad 

Charcoal. 

Anihracife. 

iron. 

1854   

342,298 
339,922 
370,470 
330,321 
28^,313 
284,041 
278,331 
195,278 
186,660 
212,005 
241,853 
262  342 
332,580 
344,341 
370,000 
892,150 
3tJ5,000 
385,000 
478,750 

339,435 
881.866 
448,113 
890. 3)- 5 
361.480 
471,745 
519,211 
409.229 
470,315 
577,638 
684.018 
479,5.s« 
74  9,367 
798.638 
893.0<'0 
971,150 
930,000 
956,608 
1,197,010 

54,185 

62,890 

6';t.554 

77,451 

58,351 

84.841 

122,228 

127,087 

130.687 

157.961 

209,626 

189,682 

268, 9: -6 

318,647 

340,000 

553,341 

570,000 

570,000 

712,500 

736,218 

784,178 

883,187 

798,157 

705,094 

840,627 

919,770 

731.544 

787,662 

947,604 

1,135.497 

931,582 

1,350,943 

1,461,626 

1.603.000 

1,916,641 

2,050,000 

1,900,000 

2,300,000 

108,016 

1855 

138,674 

185) 

180,018 

1857 

161,918 
163,712 

1858 

1859 

195,454 
205.038 

1860 

1861 

189,818 
213,912 

1862... 

1863 

275,768 

1864 

835,369 

] 565 . . .            

356,292 

1866 

430,778 

1807 

462,108 

1868 

I860  

1870 

506,714 
593,586 
620,000 

1871 

775,000 

1872 

850,000 

States,  but  so  much  difficulty  has  been  ex- 
perienced in  procuring  a  certain  supply  of 
spiegeleisen,  that  it  is  believed  that  this 
difficulty  acts  as  a  check  to  the  extension 


of  the  Bessemer  steel  manufacture  in  the 
States ;  as  yet,  we  do  not  hear  of  any  at- 
tempts being  made  in  the  States  to  supply 
this  want  by  a  home-made  article. 
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As  a  proof  that,  as  mentioned  in  the 
commencement  of  this  article,  the  iron 
manufacture  of  the  United  States  has  much 
to  do  before  being  able  to  supply  the  enor- 
mous demand  in  the  country,  a  reference 
to  the  figures  in  the  report,  p.  198,  will 
show  that  the  consumption  of  iron  of  all 
kinds  in  the  States  for  1873,  is  estimated 
at  no  less  than  4,311,500  tons,  of  which 
the  railroads  alone  are  put  down  for  2,478,- 
500  tons,  quantity  considerably  greater, 
than  the  entire  production  of  pig  iron 
of  last  year,  which  was  only  2,250,000 
tons. 

From  the  various  tables  given  in  this 
report,  the  foregoing  condensed  statement 


has  been  compiled  in  order  to  show  at  a 
glance  the  total  annual  production  of  pig 
and  railroad  iron  in  the   United  States  for 

I  each  year  since  1854,  given  in  tons  of  2,000 
lbs.  each. 

The  returns  of  the  pig  iron  production 
already  received  show  that  last  year  (1872) 
Pennsylvania  made  702,819  tons  ;  Missouri, 
126,713  tons;  Michigan,  63,195  tons;  Wis- 
consin, 67,000  tons;  Maryland,  41,500 
tons ;  Georgia,  Alabama,  and  Tennessee, 
taken  collectively,  26,000  tons;  Ohio,  230,- 
636   tons;  New  York,    159,164  tons;  New 

|  Jersey,  64,413  tons;  Virginia,  7,309  tons, 
while  some  of  the  other  States  have  a  still 
smaller  production  in  1872. 


THE  NOYA  FEIBUEG  RAILWAY. 

From  the  "Angle-Brazilian  Times,"  of  Rio  Janeiro,  July  23,  1S73. 


On  the  9th  a  trial  trip,  with  15  tons  of 
cargo  and  22  passengers,  was  made  on  the 
Nova  Friburgo  and  Cachoeiras  section  of 
the  Cantagallo  Railwav,  of  which  section  of 
35.296  kilometres,  12.407  are  on  the  Fell, 
commonly  called  the  Mont  Cenis,  system, 
adopted  in  Brazil,  for  the  first  time,  to 
overcome  the  difficulties  of  the  ascent  of  the 
Serra  de  Nova  Friburgo,  which,  though 
furnishing  the  most  facile  access  to  the  rich 
municipalities  of  Nova  Friburgo,  Maria 
Magdalena,  and  Cantagallo,  descends  with 
considerable  abruptness  into  the  valley  of 
the  Bay  of  Eio  de  Janeiro,  rendering  the 
construction  of  an  ordinary  railway  up  it  a 
matter  of  great  cost  and  considerable  en- 
gineering difficulty.  Indeed,  for  many 
years  the  ascent  of  the  serra  remained  the 
chief  obstacle  to  the  extension  of  the  rail- 
way beyond  Cachoeiras,  until  finally  the 
province  of  Eio  de  Janeiro  determined  to 
accept  the  proposal  of  Dr.  Bernardo  Cle- 
mente  Einto  Sobrinho  to  lease  the  Villa 
Nova  and  Cachoeiras  section  and  to  con- 
tinue the  line  to  its  terminus  at  Cantagallo, 
for  which  purpose  the  province  redeemed 
the  first  section  from  the  Cantagallo  Eail- 
wav Company. 

The  second  section,  that  of  Cachoeira  to 
Nova  Friburgo,  has  been  for  some  months 
ready  for  use,  but  the  new  engines  which 
the  Central  Eail  Company  undertook  to 
have  constructed,  were  made  too  heavy, 
weighing  36  tons  when  loaded,  24  tons  of 
which  fell  on  the  two  hind  wheels.  Be- 
sides this,  they  had  insufficient  heating  sur- 


face, and  on  receipt  of  their  plans  Dr.  Ber- 
nardo at  once  sent  an  engineer  to  Europe  to 
secure  the  three  locomotives  which  had  been 
used  on  the  Mount  Cenis  Railway,  now  dis- 
mantled since  the  opening  of  the  great  tun- 
nel. 

The  arrival  of  the  new  locomotives  con- 
firmed the  fears  entertained  in  regard  to 
them,  as  the  rails  visibly  yielded  under 
the  excessive  load  :  although  they  drew  40 
tons  with  ease,  they  could  not  keep  up  10 
atmospheres  of  steam  for  more  than  a 
kilometre.  With  them,  however,  the  mate- 
rial of  the  line  was  brought  up  to  the  sum- 
mit of  the  line.  Finally  two  of  the  Mont 
Cenis  locomotives  arrived,  and  preliminary 
trials  were  made  with  them  before  that  of 
the  9th,  in  which  passengers  were  for  the 
first  time  allowed  to  participate. 

From  Cachoeira  to  Boca  do  Mato,  7.540 
kilom.,  is  an  ordinary  railway,  whose  high- 
est grades  are  3.5  per  cent,  and  sharpest 
curves  of  80  metres  radius. 

From  Boca  do  Mato  to  Alto  da  Serra, 
12.  -07  kilom.  the  Fell  central  railway  is 
laid  throughout  the  whole  section.  The 
highest  grades  are  8.3  per  cent,  and  the 
sharpest  curves  are  of  40  metres  radius. 
Of  4,400  metres  of  the  extreme  grade, 
1,400  is  in  one  stretch.  But  the  conditions 
are  much  more  favorable  than  those  which 
existed  on  the  Mont  Cenis  line,  as  this  had 
37.068  kilom.  of  continuous  central  rail 
line,  with  maximum  grades  of  8.3  per  cent, 
and  minimum  curves  of  40  metres,  on  500 
continuous  metres  of  which  the  maximum 


THE    INFLEXIBLE. 


427 


of  grade  and  minimum  of  curve  were  con- 
junctly employed. 

The  section  from  Alto  da  Serra  to  the 
city  of  Nova  Friburgo  is  of  ordinary  rail- 
way, and  has  the  length  of  15.349  kilom., 
with  highest  grades  of  2.7  per  cent',  and 
sharpest  curves  of  60  metres  radius.  In 
these  curves  the  central  rail  is  laid,  to  give 
greater  security,  and  the  same  is  the  case 
with  the  four  curves  of  80  metres  radius  in 
the  first  section. 

The  central  rail  -  rises  9  in.  above  the 
level  of  the  outer  rails.  It  is  made  double- 
headed,  to  furnish  traction  surfaces  to  two 
pairs  of  horizontal  driving  wheels,  situated 
below  the  locomotive,  which  grip  it  be- 
tween them  with  great  force,  being  pressed 
on  it  by  powerful  springs  whose  action  can 
be  regulated  at  will.  At  both  ends  of  the 
rail  it  is  tapered,  so  as  to  enable  the  hori- 
zontal wheels  to  take  or  quit  hold  without 
jar  or  intervention  of  the  engineer.  All 
the  cars  and  trucks  are  also  furnished  with 
horizontal  wheels,  to  grip  the  central  rail 
and  guide  them  in  the  curves.  The  same 
rail  serves  to  give  friction  surfaces  to 
the  brakes  employed  to  moderate  the  de- 
scent. 

At  the  first  trial  with  the  Mont  Cenis 
locomotives  a  train  weighing  16  tons  was 
pulled  up  by  one  of  them  along  the  central 
rail  section,  12.407  kilom.,  in  80  minutes, 
including  20  minutes  stoppage,  for  water 
and  for  a  review  of  the  engine.  It  de- 
scended in  50  minutes.  On  a  second  trial 
it  took  up  28  tons  of  rails  in  96  minutes, 
including  34  minutes  for  three  stoppages 
for  water.  Some  slipping  occurred,  owing 
to  the  want  of  sand.  The  locomotive  re- 
turned  in   50    minutes.     In   another,    the 


ascent,  with  a  loaded  train  weighing  30 
tons,  was  done  in  90  minutes. 

On  the  9th  a  train  of  passenger  cars  with 
22  persons  and  15  tons  of  goods  left 
Cachoeiras  at  1  p.  m.,  arrived  at  Boca  do 
Matto  in  half  an  hour,  left  at  lh.  45m., 
arrived  at  Alto  da  Serra  at  2h.  56in., 
including  10  minutes  for  water,  left  at 
3h.  9m.  and  arrived  at  Nova  Friburgo  at 
oh.  48m.,  where  the  inhabitants  had  turned 
out  to  receive  the  train  and  gave  many 
cheers  to  Dr.  Bernardo  Clemente  Pinto 
Sobrinho  and  to  his  Engineer-in-Ohief,  Mr. 
Borell  du  Vernay. 

The  Fell  system  has  thus  been  success- 
fully introduced  into  Brazil,  and  another 
part  of  the  highlands  which  are  so  im- 
portant a  feature  of  the  Brazilian  territory, 
has  been  opened  to  the  railway.  The  fact 
that  the  great  majority  of  the  traffic  is 
downwards  favors  the  employment  of  such 
lines  to  transmount  the  difficulties  which 
the  configuration  of  Brazil  opposes  to  the 
communication  of  the  highlands  with  the 
seaports. 

The  connection  of  Villa  Nova  with 
Nitherohy  is  nearly  complete,  only  about 
two  miles  remaining  to  be  laid  with  rails. 
Dr.  Bernardo  Clemente  Pinto  Sobrinho  h?is 
arranged  also  for  the  lease  of  this  connect- 
ing link  with  the  capital  of  the  province  of 
Bio  de  Janeiro,  and  in  a  month  or  two 
there  will  be  railway  communication  from 
it  to  Nova  Friburgo,  a  place  highly  recom- 
mendable  for  its  sanitary  conditions  and 
its  excellent  hydropathic  establishment. 
The  section  from  Nova  Friburgo  to  Maria 
Magdalena  is  also  well  advanced  in  con- 
struction, and  that  to  Cantagallo  will  not 
be  long  delayed. 


THE  INFLEXIBLE. 


From  "The  Engineer. 


The  Devastation  has  never  had  a  sea 
trial  worth  the  name,  but  it  is  no  longer 
an  official  secret  that  she  is  regarded  as 
unseaworthy.  We  stated  long  since  that  it 
was  probable  the  Devastation  would  never 
be  severely,  in  other  words  properly,  tested ; 
and  all  that  we  have  said  has  come  to  pass 
with  great  precision.  Of  course  the  Govern- 
ment can  always  say  that  they  did  all  that 
Jay  in  their  power  to  try  her,  but  the  sea 
was  obstinately  quiet,  and  the  winds  per- 
versely light  during  the  whole  time  avail- 


[  able  for  testing  the  merits  of  the  ship. 
Such  an  argument  is  ingenious,  plausible, 

I  and  unsatisfactory.  However,  the  result 
is,  at  all  events,  that  the  Devastation  i3 
considered,  rightly  or  wrongly,  to  be  so  far 
unseaworthy  that  no  more  ships  of  her  pre- 
cise type  are  to  be  built.  The  Fury  will 
resemble  her  in  many  respects,  but  there  will 
be  modifications,  the  exact  character  of 
which,  even  those  engaged  in  her  design 
are  not  supposed  to  know  very  well.  A 
new  ship,  once  more  the  typical  ship  of  the 
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future,  is  to  be  constructed.  She  is  to  be 
called  the  Inflexible,  and  will  not  be  at 
all  like  the  Devastation.  Mr.  Goschen, 
and  those  in  authority  under  him,  are  ex- 
tremely reticent  as  to  the  design  of  this 
addition  to  our  naval  power,  which  is  not 
to  be  completed  until  the  year  1877.  A 
few  broad  facts,  however,  have  been  stated, 
from  which  we  gather  that  the  Inflexible 
will  have  much  greater  beam  than  the 
Fury,  that  she  will  draw  3  ft.  less  water, 
and  that  her  entire  defensive  armor,  or 
the  greater  portion  of  it,  will  be  concen- 
trated on  a  central"  box,"  or  fort,  in  which 
will  be  mounted  the  heaviest  guns  which 
can  be  made.  The  Inflexible  is  to  carry 
coal  enough  for  a  voyage  of  3,000  miles, 
and,  as  far  as  we  can  learn,  is  to  be  sup- 
plied with  a  moderate,  but  practically  effi- 
cient amount  of  sail  power. 

It  is  not  difficult  to  elaborate  from  this 
bald  statement,  something  like  a  general 
idea  of  what  the  new  ship  will  be.  As  she 
is  not  to  have  a  turret,  but  a  square  or 
rectangular  box  fort,  it  is  probable  that  she 
will  mount  four  50-ton  guns  on  Captain 
Scott's  traversing  turn-tables,  the  efficiency 
of  which  is  well  known  to  the  naval  world. 
As  the  armor  is  to  be  heavier  than  any- 
thing known  before,  it  must  be  over  14  in. 
thick,  and  we  shall  be  quite  safe  if  we 
assume  that  its  mean  thickness  on  the 
broadside  will  be  20  in.  What  the  back- 
ing will  be  remains  of  course  an  open 
question.  So  far  it  is  all  plain  sailing,  but 
the  moment  we  take  leave  of  the  central 
box  and  its  guns,  we  get  into  speculative 
difficulties.  If  the  ship  is  not  to  be 
armored  elsewhere,  how  is  she  to  be  kept 
from  going  to  the  bottom  in  an  action  ? 
On  these  points  we  have,  as  yet,  no  infor- 
mation whatever,  but  the  chances  are  that 
the  vessel  will  carry  a  broad  armor  belt 
all  round  exept  at  the  bow  and  stern  ;  and 
that  these  last  will  be  comparatively  long 
and  fine,  and  being  divided  from  the  main 
body  of  the  hull  by  numerous  water-tight 
compartments,  no  attempt  will  be  made  to 
keep  shot  and  shell  out  of  them,  as  the  en- 
trance of  wa1  er  will  do  no  great  harm.  Indeed, 
it  is  easy  to  show  that  the  weight  of  metal 
required  to  protect  the  bow  and  stern  effi- 
ciently would  be  productive  of  greater  evils 
than  would  ensue  if  these  portions  of  the 
vessel  were  liable  to  be  filled  with  water. 
On  going  into  regular  action,  that  is  to  say, 
when  commencing  a  regular  stand  up  fight 
or  pounding  match  as  sailors  say,  it  might 


be  good  policy  to  admit  water  to  these  por- 
tions of  the  ship,  so  as  to  diminish  the 
mark  to  be  fired  at  by  the  enemy,  and  so 
far  submerge  the  screws  as  to  put  them  out 
of  harm's  way.  We  believe,  in  a  word, 
that  it  would  be  mere  waste  of  metal  to  at- 
tempt to  arm  the  first  and  last  40  ft.  or  50  ft. 
of  the  ship,  which  ought  to  consist  merely  of 
what  we  may  term  false  structure,  put  on  to 
improve  the  sailing,  steaming,  and  sea- 
going qualities  of  the  armored  vessel,  and 
for  all  other  purposes  quite  useless.  The 
design  thus  worked  upon  gives  us  a  hull 
rectangular  in  deck  plan,  very  wide,  com- 
paratively shallow  and  short,  armored  for 
its  whole  length  at  each  side,  while  in  the 
middle  the  side  armor  is  carried  up  high 
enough  to  protect  the  guns.  Forward  and 
aft  of  the  citadel  we  have  an  armor  belt, 
say  9  ft.  deep,  and  a  plated  deck  ;  in  short,  a 
rectangular  monitor  plated  all  over  and  car- 
rying a  tremendous  armament  within  an  all 
but  impregnable  battery  or  casemate.  On  to 
each  end  of  this  monitor  will  then  be  fitted 
a  comparatively  light  structure  constituting 
a  bow  and  a  stern,  and  this  structure  will 
then  be  carried  up  in  board  at  each  end 
until  it  meets  the  central  battery.  To  the 
whole  very  fair,  if  not  excellent,  lines  may 
be  given,  and  we  shall  have  a  roomy  and 
comfortable  vessel,  with  a  moderately  high 
freeboard,  in  which  sailors  can  enjoy  their 
existence  ;  a  ship  which  will  sail  and  steam 
well,  and  be  good  to  look  at,  and,  in  a 
word,  in  a  thousand  points  superior  to  the 
Devastation  or  the  Fury.  The  effect  of  the 
design  is  that  in  action  the  whole  of  the 
upper  works  forward  and  aft  of  the  turret, 
and  the  bow  and  stern  as  far  back  and  as 
far  forward  as  the  armor  belt,  are  liable  to 
be  blown  to  bits.  It  remains  to  be  seen,  then, 
whether  the  monitor  which  would  remain — 
the  kernel  from  which  the  husk  had  been 
stripped  off — would  still  be  able  to  float,  and 
to  fight  and  to  steer. 

The  answer  must  be  in  the  affirmative. 
The  destruction  of  the  vulnerable  portions 
of  the  ship  would  be  very  gradual.  The 
loss  of  the  upper  works  would  be  of  no  im- 
portance at  all,  unless  there  was  a  heavy 
sea  on  at  the  time  the  action  was  fought. 
But  in  a  gale  it  would  be  so  difficult  to  hit 
the  ship  with  any  shot  likely  to  do  harm, 
that  it  will  be  safe  to  assume  that  nothing 
is  to  be  feared  from  this  cause.  As  regards 
steering,  the  bow  and  stern  would  be  so 
cut  up  into  compartments  below  the  water- 
line  that  the  external  skin  would  retain  its 
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shape  after  a  tremendous  pounding  with 
shot  or  shell,-  and  the  form  of  the  hull 
would  therefore  be  preserved  so  far  intact 
that  the  ship  would  continue  to  steer  very 
well.  The  introduction  of  a  couple  of  very 
powerful  centrifugal  pumps  would  present 
no  difficulty  whatever;  and  by  the  aid  of 
these  the  ship  might  be  steered  and  navi- 
gated on  Kuthven's  system,  even  should 
both  her  twin  screws  be  totally  disabled, 
which  is  a  very  improbable  event,  as  they 
would  lie  low,  especially  if  water  was  taken 
in  on  commencing  an  action. 

Such  a  ship  as  we  have  sketched  em- 
bodies, we  think,  the  best  features  of  the 
compromise  that  must  be  adopted  in  mod- 
ern naval  architecture.  We  cannot  have 
everything,  but  in  this  design  we  have 
everything  that  is  essential.  Such  a  vessel 
must  be  large ;  but  it  is  ridiculous  to 
imagine  that  50-ton  guns  can  be  carried  in 
small  ships.  The  Indexible  will  certainly 
not  be  smalL;  and  we  believe  that  we  have 
indicated  what  her  principal  features  will 


be,  broadly  speaking,  and  it  is  some  grati- 
fication to  us  to  be  able  to  add  that  in  the 
main  she  will  closely  resemble  a  type  of 
war-ship  which  we  have  long  and  persist- 
ently advocated  in  this  journal.  We  hope 
that  before  designs  are  finally  adopted  for 
the  armored  sides  and  ends  of  the  central 
battery,  one  or  two  cheap  experiments  will 
be  carried  out  to  decide  upon  the  best  sys- 
tem of  constructing  them.  There  is  reason 
to  believe  that  two  5  in.  plates  disposed 
with  a  vacant  space  of  say  5  ft.  between 
them  would  be  quite  as  efficient  in  keeping 
out  shell  as  two  8  in.  plates  superimposed 
one  on  the  other,  and  brought  into  close 
contact  by  the  bolts  and  nuts.  The  office 
of  the  first  plate  would  be  to  break  up  the 
shell  into  fragments  ;  the  office  of  the  second 
plate  would  be  to  keep  these  fragments  out 
of  the  central  battery.  It  is  very  remark- 
able that  a  scheme  which  promises  so  much 
and  which  has  so  often  been  proposed,  has 
never  yet  been  tested  in  practice  on  any- 
thing like  a  proper  scale. 


THE  MEASUEEMENT  OF  HIGH  TEMPEEATUEES. 

By  RICHARD  H.  BUEL. 
From  "The  Iron  Age." 


For  the  measurement  of  ordinary  tempe- 
ratures the  mercurial  thermometer  is  gener- 
ally employed,  because  mercury  retains  its 
liquid  state  through  a  wide  range  of  tempe- 
rature (boiling  at  G62  deg.  Fahrenheit,  and 
freezing  at — 39. 2  deg.),  and,  except  near  its 
freezing  and  boiling  points,  expands  quite 
uniformly  for  uniform  increments  of  heat. 
According  to  Reynault,  the  expansion  of 
mercury  is  as  follows  : 

Between  32°  and  212°,  1  part  in  55.08. 
"  212°  «  392°,  1  "  54.61. 
"      392°     "    572°,  1       "      54.01. 

And  beyond  these  limits  it  seems  difficult 
to  find  the  law.  For  indicating  lower  tem- 
peratures, alcohol,  which  has  never  been 
frozen,  is  commonly  employed — and  the 
methods  by  which  higher  temperatures  are 
measured  will  form  the  subject  of  this 
article. 

An  instrument  used  to  show  higher 
temperatures  than  can  be  registered  by  the 
mercurial  thermometer  is  called  a  pyrom- 
eter. This  name  seems  to  have  originated 
with  Muschenbrock,  in  1730.  His  instru- 
ment was  a  metallic  bar,  fixed  at  one  end 


and  acting  on  a  scale  at  the  other,  showing 
approximately  the  temperature  by  its  ex- 
pansion. Many  other  pyrometers  were 
constructed  on  this  general  principle,  the 
chief  differences  being  in  the  methods  em- 
ployed to  read  the  scale.  The  expansion 
of  a  metallic  bar  i^  quite  small  for  a  con- 
siderable increase  of  temperature,  and  hence 
it  is  necessary  to  multiply  this  reading  on 
the  scale.  This  was  first  done  by  arrange- 
ments of  levers  and  pulleys  attached  to  the 
piece  moved  by  the  end  of  the  bar,  but  it 
was  found  that  there  was  so  much  lost  mo- 
tion that  the  readings  were  far  from  ac- 
curate. Lavoisier  arranged  a  telescope 
which  was  caused  to  rotate  as  the  bar  ex- 
panded, and  being  directed  to  a  distant 
point,  magnified  the  reading  to  any  desired 
extent.  An  instrument  on  a  similar  prin- 
ciple was  made  by  S  ixton  for  the  United 
States  Coast  Survey,  to  determine  varia- 
tions in  the  length  of  the  measuring  rods. 
One  end  of  the  rod  was  firmly  fixed,  and  the 
other  came  in  contact  with  a  compound 
lever  carrying  a  rotating  mirror.  The  re- 
flection of  the  scale  in  this  mirror  was  read 
i  by   a  telescope  placed  at  such  a  distance 


430 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


that  one-twenty-five-thousandth  of  an  inch 
increase  in  length  was  magnified  to  about 
one-fourth  of  an  inch.  With  such  an  ap- 
paratus a  change  of  length  of  one-hundred- 
thousandth  of  an  inch  could  be  easily 
noted. 

The  metallic  bar  described  above  was 
used  by  Brongniart  in  1805  to  determine 
the  temperature  of  an  oven  in  which  porce- 
lain was  heated  for  purposes  of  ornamenta- 
tion. He  employed  a  bar  of  silver  placed 
in  the  oven,  the  free  end  projecting  beyond 
and  marking  its  expansion  on  a  scale.  This 
pyrometer,  though  utterly  unsuitable  for 
purposes  of  accurate  research,  was  quite 
well  adapted  for  regulating  the  heat  of  the 
porcelain  oven,  where  a  temperature  of 
about  1,100  deg.  was  required,  and  the 
work  was  injured  if  this  temperature  was 
much  exceeded.  Wedgwood's  pyrometer, 
invented  in  1782,  consisted  of  a  small  cyl- 
inder of  fire  clay,  flattened  on  one  side, 
and  a  metallic  scale  having  a  graduated  V- 
shaped  opening.  The  cylinder  was  first 
placed  in  this  scale,  the  flat  side  against 
one  face  of  the  opening,  and  was  moved 
down  as  far  as  possible,  and  the  reading 
taken.  It  was  then  heated  in  the  medium 
whose  temperature  was  to  be  ascertained, 
and  again  placed  in  the  scale,  where  the 
temperature  could  be  at  once  read  off. 
Wedgwood  observed  the  expansion  of  sil- 
ver between  32  deg.  and  212  deg.,  and  com- 
pared it  with  that  of  the  clay  cylinder,  as- 
suming that  1  deg.  on  this  scale  was  equiv- 
alent to  130  deg.  Fahrenheit.  It  was 
found,  however,  that  this  device  was  ex- 
ceedingly inaccurate.  #  It  was  difficult  to 
obtain  clay  that  was  uniform  in  quality — 
and  cylinders  made  of  precisely  the  same 
material  gave  very  different  indications, 
because  some  were  pressed  more  closely 
than  others.  But  the  worst  defect  was, 
that  a  cylinder  exposed  for  a  long  time 
to  a  low  temperature  contracted  quite  as 
much  as  one  exposed  for  a  short  time  to  a 
high  degree  of  heat.  Its  great  inaccuracy 
will  be  made  plain  by  the  statement  that 
Wedgwood  determined  the  temperature  of 
a  blast  furnace  to  be  32,277  deg.— while  the 
highest  theoretical  temperature  that  can  be 
produced  by  the  combustion  of  carbon  in 
air  is  about  4,500  deg. — and  estimated  the 
temperature  of  smelted  iron  (since  deter- 
mined to  be  about  2,800  deg.)  at  20,577 
deg. 

The  first  pyrometer  with  any  pretentions 
to    scientific    accuracy,   was    invented    by 


Daniells  in  1830.  This  consists  of  a  bar  of 
black  lead  grooved  on  one  side.  In  this 
groove  is  placed  a  bar  of  platinum,  one  end 
of  which  bears  against  a  shoulder  in  the 
groove,  and  the  other  end  against  a  porce- 
lain slip,  called  the  index,  which  is  free  to 
move,  but  being  secured  to  the  bar  of  black 
lead  by  a  friction  band  of  platinum,  remains 
in  any  position  to  which  it  may  be  forced. 
In  using  the  instrument  the  platinum  bar 
is  adjusted  to  bear  against  the  index,  and  a 
multiplying  scale  being  applied,  the  posi- 
tion of  the  index  is  ascertained.  The  scale 
is  then  removed  and  the  instrument  is 
heated.  After  it  has  cooled  the  scale  is 
again  attached,  and  the  amount  of  expan- 
sion of  the  platinum  bar  is  denoted  by  the 
new  position  of  the  index.  By  observing 
the  expansion  between  two  known  degrees 
of  temperature  a  scale  of  degrees  can  be 
constructed.  By  this  means  Daniells  de- 
termined the  temperature  of  melted  iron  to 
be  2,786  deg.,  and  of  a  blast  lurnace  3,300 
deg.  Fahrenheit — results  which  agree  very 
closely  with  subsequent  investigations. 

In  Eegnault's  experiments  he  used  the 
air  thermometer  for  the  measurement  of 
high  temperatures.  This  consists  of  a  tube 
having  a  bulb  at  one  end  and  being  open 
at  the  other.  The  bulb  is  filled  with  air  or 
any  gas  whose  coefficient  of  expansion  has 
been  accurately  determined,  and  the  tube  is 
filled  with  a  liquid,  such  as  mercury  or 
water,  and  inserted  in  a  vessel  containing 
the  same  liquid.  As  the  air  is  heated  it 
expands,  and,  if  its  temperature  is  raised 
sufficiently,  will  expel  all  the  liquid  from 
the  tube.  Knowing  the  expansibility  of 
the  gas,  the  degree  of  temperature  can  be 
determined  by  noting  the  position  of  the 
liquid  in  the  tube.  Platinum  is  ordinarily 
employed  for  the  bulb  and  a  portion  of  the 
tube,  and  glass  for  that  part  which  is  not 
exposed  to  great  heat.  In  the  hands  of  a 
careful  experimenter  very  accurate  results 
can  be  obtained  with  this  instrument,  but 
it  is  not  well  adapted  for  general  use. 

Grauntlett's  pyrometer  consists  of  two 
tubes  or  rods,  composed  of  metals  having 
different  coefficients  of  expansion.  The 
tubes  are  secured  to  each  other  at  one  end, 
and  the  other  ends  are  left  free.  To  the 
free  end  of  one  tube  is  attached  a  gradu- 
ated dial  plate,  on  the  ads  of  which  is  a 
pointer  with  a  pinion.  The  free  end  of  the 
other  tube  carries  a  rack,  which  meshes 
into  the  pinion,  and  thus  gives  motion  to 
the  pointer  when   heat  is  applied.     Within 
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certain  limits  these  pyrometers  can  be 
made  quite  accurate  and  durable,  and  they 
can  be  exposed  to  high  temperatures  for 
long  periods  without  injury.  They  are 
also  exceedingly  sensitive — and  for  these 
reasons  they  have  been  largely  introduced. 
If  exposed  for  any  considerable  length  of 
time  to  temperatures  greater  than  that  of 
red  heat,  they  take  a  set,  and  no  longer  act 
efficiently.  As  at  present  constructed  they 
can  be  readjusted  for  slight  variations  aris- 
ing from  overheat,  or  other  causes.  Mr. 
Bailey,  of  England,  by  an  ingenious  device, 
arranges  these  pyrometers  to  indicate 
higher  temperatures  than  that  of  re  1  heat 
— graduating  them  experimentally  by  ex- 
posing them  to  high  temperatures  for  a  few 
seconds  only  (which  does  not  ordinarily 
cause  a  permanent  set),  and  then  when 
used  to  indicate  these  high  temperatures, 
they  are  to  be  exposed  for  the  same  period 
of  time. 

.  There  are  at  present  three  methods  in 
use,  among  manufacturers  and  others, 
to  determine  high  temperatures,  such  as 
those  of  furnaces  and  molten  metals,  which 
are  worthy  of  being  described  somewhat  in 
detail. 

Prinsep's  method,  improved  by  Plattner, 
is  based  on  observations  of  the  melting 
points  of  alloys,  the  melting  points  of  the 
metals  of  which  they  are  composed  having 
been  accurately  determined.  Silver,  gold, 
and  platinum  were  recommended  as  the 
metals  to  be  used  in  making  the  alloys, 
since  they  could  easily  be  obtained  in  a 
comparatively  pure  state.  In  practice,  how- 
ever, it  was  found  that  silver  absorbed 
oxygen  during  fusion,  which  disturbed  its 
melting  point — so  alloys  of  gold  and  plati- 
num are  ordinarily  employed.  A  cupel 
made  of  some  refractory  material  is  used, 
containing  a  number  of  minute  cells,  in 
which  different  alloys  are  placed,  and  by 
observing  which  alloys  are  fused,  and 
which  retain  their  solid  state,  the  tempera 
ture  is  given  by  the  following  equation: 

.4— temperature  of  fusion  of  first  metal. 

i?=temperature  of  fusion  of  second  metal. 

s— per  cent.,  by  weight,  of  first  metal  in  the 
alloy. 

£=per  cent.,  by  weight,  of  second  metal  in  the 
alloy. 

#=temperature  of  fusion  of  the  alloy. 

X=A  X  s  +  Bx  8. 

There  are  some  practical  difficulties  in 
the  application  of  this  method.  In  many 
situations  it  is  hard  to  observe  just  when 


the  alloy  melts,  and  it  has  been  found 
that  the  same  alloys  do  not  always  melt 
at  the  same  temperature,  under  pre- 
cisely similar  circumstances.  Hence  a 
number  of  observations  are  necessary  to 
insure  accuracy.  As  an  illustration  of  the 
rule,  we  will  give  the  result  of  an  experi- 
ment at  a  furnace  in  Sevres.  An  alloy 
composed  of  53  parts  of  platinum  and  47 
parts  of  gold,  placed  in  the  furnace,  was 
thoroughly  melted,  while  an  alloy  of  54 
parts  of  platinum  and  46  of  gold,  was  just 
beginning  to  soften.  The  melting  point  of 
platinum  is  4,591  deg.,  and  of  gold  2,016 
deg.  ;  and  applying  the  rule,  we  find  the 
temperature  of  the  furnace  to  have  been  be- 
tween 


and 


0.53x4591°+0.47x2016o=3381° 
0.54x4591°+0.46x2016°=34073 


The  method  employed  by  Clement,  Des- 
ormes  and  Schwartz,  and  afterward  im- 
proved by  Wilson,  is  based  upon  the  differ- 
ent specific  heat  of  bodies.  A  small  cop- 
per cylinder  containing  water  is  used.  This 
cylinder  is  surrounded  by  a  casing  of  non- 
conducting material,  and  this  latter  by  an 
air  casing,  for  the  purpose  of  preventing 
the  escape  of  heat  from  the  interior.  A 
sensitive  mercurial  thermometer  is  placed  in 
the  water.  This  thermometer  is  fitted  with 
a  sliding  scale,  which  is  moved  up  when 
the  mercury  expands,  and  retains  its  posi- 
tion when  the  temperature  falls.  A  small 
piece  of  platinum  or  fire  clay,  in  the  form 
of  a  cylinder  or  ball,  is  put  into  the  water, 
and  the  position  of  the  sliding  scale  is  not- 
ed. (Platinum  is  generally  employed  for 
measuring  the  temperature  of  furnaces,  and 
fire  clay  for  molten  metaU,  since  platinum 
forms  alloys  if  brought  in  contact  with  fus- 
ed metals. )  The  ball  is  then  heated,  and 
plunged  into  the  water,  and  the  new  read- 
ing of  the  thermometer  is  taken  by  ob- 
serving the  position  of  the  sliding  scale, 
when  the  required  temperature  can  be  ob- 
tained by  the  equation  given  below. 

Q=the  weight  of  water. 

P=the  weight  of  the  ball. 

s=the  specific  heat  of  the  ball. 

i=original  temperature  of  the  water. 

7==fmal  temperature  of  the  water. 

X=required  temperature. 

Then 

X=qx{T—  t)+(Px*)±T. 

There  are  several  corrections  to  be  ap- 
plied, the  nature  of  which  will  now  be  ex- 
plained.     The  heat  imparted  by  the  ball 
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to  the  water  does  not  measure  its  total 
temperature,  some  of  the  heat  being  ab- 
sorbed by  the  mercury  of  the  thermometer, 
by  the  glass  of  the  same,  and  by  the  vessel 
containing  the  water,  and  some  remaining 
in  the  ball.  It  will  be  convenient  to  apply 
these  corrections,  by  adding  an  equivalent 
quantity  of  water  to  the  actual  quantity 
employed. 

Let  TF=corrected  weight  of  water. 

Then  W=  Q  -(-weight  of  mercury  X  specific  heat 
of  mercury-)- weight  of  glass  X  specific  heat  of 
glass -)- weight  of  containing  vessels  X  specific  heat 
of  material -(-weight  of  ball  X  specific  heat  of  ball ; 
and  the  corrected  formula  for  the  temperature 
will  be : 

X=Wx{T—t)+(Pxs)-\-T. 

An  example  will  be  given  to  illustrate 
this  method : 

Suppose  a  ball  of  platinum  weighing 
1,000  grains  is  immersed  in  2,000  grains 
of  water,  the  thermometer  indicating  70 
deg.  Let  the  ball  be  then  heated  and  im- 
mersed in  the  water,  when  the  thermometer 
will  indicate  97  deg.  Suppose  that  the 
weight  of  the  mercury  in  the  thermometer 
is  150  grains;  of  the  glass,  40  grains;  and 
of  the  copper  vessel,  800  grains,  the  specific 
heats  of  these  materials  being  respectively, 
0.033,  0.198,  and  0.0952.  The  specific  heat 
of  the  platinum  ball  is  0.0324,  and  applying 
the  rules,  we  find: 

TT=2000+150  X  0.033  +40  x  0.198+800x0.0952 
-f-1 000 X 0.0324  =2121.43  grains;  and 

X=212143x  97*-70°)  -K10  10X0.0324)?+ 97° 
=1865°. 

From  this  we  see  that  one  degree  on  the 
thermometric  scale  corresponds  to  1865-^27 
=69  pyrometrical  degrees. 

In  practice  it  will  be  found  convenient  to 
graduate  the  pyrometrical  scale  by  experi- 
ment, noting  the  rise  of  the  thermometer 
after  the  ball  is  heated  in  something  whose 
temperature  is  known.  Suppose,  for  in- 
stance, that  a  ball  of  fire  clay  is  used,  and 
that  it  is  plunged  into  molten  lead,  silver 
and  gold,  whose  melting  points  are  re- 
spectively 630  deg.,  1,873  deg.,  and  2,016 
deg.  If  the  temperature  of  the  water  were 
70  deg.  before  each  experiment,  and  after 
the  three  experiments,  81.1  deg.,  102.5  deg. 
and  105.3  deg.  respectively,  it  would 
indicate  that  one  degree  of  the  thermometer 
corresponded  to  (560  deg.  -f-  10.1  -f  1,803 
deg.  -f-  32.4  +  1,946  deg.  -f.35.3)  -f-  3  = 
56  pyrometrical  degrees.  Having  thus  ascer- 
tained the  graduation,  the  instrument  can 


be  used  for  determining  any  other  tempera- 
ture, it  only  being  necessary  to  multiply 
the  degrees  of  heat  imparted  to  the  water 
in  any  case  by  56. 

We  have  described  this  method  of  meas- 
uring high  temperatures  at  some  length, 
because  it  is  very  convenient  and  quite 
accurate  when  carefully  performed.  In  its 
use  it  is  requisite  to  withdraw  the  heated 
ball  from  the  heating  medium  and  plunge 
it  into  the  water  as  quickly  as  possible, 
and  it  might  be  well  to  enclose  it  in  some 
good  non-conductor  before  withdrawal. 

Siemens'  pyrometer,  with  a  description  of 
which  we  will  conclude  our  article,  is  con- 
structed on  the  principle  that  the  pure 
metals  offer  an  increased  resistance  to  the 
passage  of  a  current  of  electricity  with  in- 
crease of  temperature.  It  is  found  th.it 
the  resistance  is  about  four  times  as  much 
at  a  temperature  of  3,000  deg.  Fahrenheit  as 
at  32  deg.  The  resistance  does  not  increase 
uniformly,  but  follows  a  parabolic  law, 
which  has  been  accurately  verified  by  ex- 
periment as  high  as  about  -1,800  deg. 
Beyond  that  point,  although  the  curve  is 
pretty  clearly  defined,  more  experimental 
research  seems  desirable.  The  equation  of 
the  curve,  calling  li  the  resistance,  T  the 
temperature,  and  A,  B  and  C  constants 
determined  by  experiment,  is 

R  =  A  x  VT  +  B  x  T  +  C 

The  apparatus  consists  of  a  platinum 
wire  encased  in  a  metallic  tube,  and  wound 
upon  a  piece  of  fire  clay,  upon  a  helical 
groove.  This  is  placed  in  the  medium 
whose  temperature  is  to  be  determined, 
and  the  ends  of  the  wire  terminate  in  a 
measuring  instrument  placed  in  any  con- 
venient position,  and  not  exposed  to  the 
high  temperature.  An  electrical  current, 
generated  by  a  small  battery,  is  passed 
through  the  wire  and  the  measuring  instru- 
ment, deflecting  a  galvanometer  needle, 
and  giving  a  reading  on  a  large  scale.  A 
table,  which  accompanies  every  instrument, 
gives  the  temperature  at  once  from  the 
reading  of  the  scale. 

This  pyrometer  can  be  permanently  at- 
tached in  any  place  where  the  temperature 
is  not  excessive,  and  a  continuous  record  can 
be  kept ;  but  it  should  only  be  exposed  to 
furnace  heat  for  a  short  time,  or  the  wire 
will  become  deteriorated. 

Siemens'  pyrometer  is  believed  to  be  the 
most  accurate  instrument  yet  invented  that 
is  generally  available  for  the  measurement 
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of  high  temperatures.  It  will  readily  be 
perceived,  however,  that  great  care  must  be 
taken  in  the  use  of  this  apparatus,  as  well 
as  with  the  others  described,  to  insure  pre- 
cision ;  and  the  field  is  yet  open  for  the 
invention  of  a  pyrometer  that  can  be  placed 
in  any  situation  of  which  we  wish  to 
measure  the  temperature,  and  will  give  re- 
liable results  without  further  precaution — 


in  fact,  an  instrument  that  will  occupy  the 
same  place  in  the  furnace  as  a  carefully 
constructed  gauge  does  in  the  steam  pipe. 
We  have  shown,  however,  that  the  desired 
result  can  be  obtained,  and  how  it  can  be 
obtained.  The  subject  is  one  of  much  im- 
portance in  many  branches  of  industry,  and 
we  hope  that  these  remarks  will  prove  both 
interesting  and  instructive. 


THE  EFFECTS   OF  UNEQUAL  HEAT  ON  THE  COMPASSES  OF 

IBON  SHIPS. 

From  "The  Nautical  Magazine." 


The  mariner's  compass  is  at  once  a  source 
of  safety  and  a  source  of  danger.  Where 
it  is  careful iy  watched,  from  day  to  day, 
and,  if  need  be,  from  hour  to  hour,  and 
where  it  is,  as  it  were,  kept  under  such 
strict  and  intelligent  surveillance  as  shall 
enable  the  mariner  to  note  its  often  vary- 
ing deviation,  and  to  apply  the  so-called 
"errors,"  as  they  arise,  the  compass  is  in- 
valuable ;  but,  on  the  other  hand,  where  it 
is  not  watched,  and  where  the  causes  of 
deviation  are  not  understood,  and  where 
overmuch  reliance  is  placed  on  it  as  a 
guide,  it  leads  to  danger.  So  long  as  the 
compass  is  treated  by  an  intelligent  and 
watchful  master,  as  a  useful  and  capable 
servant,  it  may  be  relied  on  ;  but  if  once 
confided  in,  without  due  intelligence,  and 
without  a  knowledge  of  the  effects  of  out- 
side influences  on  it,  the  good  servant  be- 
comes the  bad  master  ;  the  otherwise  faith- 
ful guide  becomes  the  false  friend. 

The  correction  of  compasses  for  semi- 
circular deviation  is  one  of  the  greatest 
steps  yet  made  towards  the  safe  navigation 
of  iron  ships  at  sea ;  but,  as  that  correction, 
good  as  it  is,  can  only  be  accurate  for  the 
latitude  in  which  it  is  made,  even  that 
correction  becomes  of  less  and  less  value  to 
the  mariner,  as  the  ship  gets  into  other 
latitudes,  or  becomes  subject  to  new  or 
varying  influences.  Hence  it  has  always 
appeared  to  us  that,  as  contributing  to  the 
safe  navigation  of  an  iron  ship,  a  knowl- 
edge of  the  subject  of  compass  deviation 
by  the  master,  watchfulness,  and  a  ready 
method  of  constructing  a  table  or  diagram  of 
deviation,  whenever  an  alteration  in  the 
compass  is  discovered,  are,  at  least,  as 
essential,  if  not  more  essential  than  abso- 
lute adjustment  of  the  compass  in  port. 
The  means  for  constructing  a  card  of 
Vol.  IX.— No.  5—28 


deviation  would,  of  course,  be  of  little  value 
in  the  case  of  a  ship  running  N.  and  S., 
and,  consequently,  rapidly  altering  her  mag- 
netic latitude.  A  compass  book  should 
always  be  kept  and  the  deviation  noted  on 
every  course  steered,  the  amount  of  heel 
being  always  noted  at  the  same  time.  In 
approaching  the  land,  the  table  of  devia- 
tion constructed  on  the  voyage  would  be 
very  useful,  and  the  master  ought  never 
then  to  trust  to  the  chance  of  observation 
for  correction  of  each  course  steered.  The 
work  of  adjusting  in  port  can  be  done  by 
skilled  hands,  and  under  conditions  and 
influences  of  heat  and  cold  well-known,  and, 
therefore,  may  be  done  completely  and  per- 
fectly. It  may,  however,  on  the  other 
hand,  be  done  by  unskilled  hands,  and 
done  imperfectly.  The  master  of  the  ship 
has  her  under  his  command  at  sea,  and  is 
with  her  under  varying  conditions  o£ 
atmospheric  and  other  influences.  It  is, 
therefore,  to  the  masters  of  ships,  first,  in 
seeing  their  compasses  properly  placed  on 
board, — and,  secondly,  in  watching  the 
compasses,  and  being  able  to  estimate  and 
allow  for  varying  deviations  at  sea,  that  we 
look  for  safety,  rather  than  to  minute 
arrangements  in  port. 

In  very  many  cases  a  master,  or  an 
officer,  pleads  as  justification  or  extenuation 
of  the  luss  of  his  ship,  that  the  compasses 
were  in  error.  This  plea  means,  if  it  means 
anything,  either  that  so-called  "  errors  "  ex- 
isted, which  he  knew,  and  which  he  did  not 
allow  for  ;  or  that  an  alteration  in  the  devia- 
tion had  suddenly  manifested  itself,  for 
which  the  officer  of  the  ship  could  not  ac- 
count, or  which  he  did  not  suspect,  and  of 
which  he  sometimes  alleges  he  was  un- 
aware, until  after  the  casualty  had  hap- 
pened. 
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There  is  reason  to  believe  that  these 
so-called,  and  in  many  cases  unknown, 
11  errors,"  in  the  compass,  are,  in  fact,  more 
frequent  than  is  generally  suspected  by 
mariners  ;  and  there  is  further  reason  to 
believe,  not  only  that  they  are  frequent, 
but  that  they  are  temporary  and  ever  vary- 
i  »g.  If  this  be  so,  they  must  be  a  source 
of  great  danger  to  our  iron  ships,  a  danger 
that  will  increase  in  proportion  as  the  exist- 
ence of  the  "  error  "  is  unsuspected,  and  as 
power  on  the  part  of  the  master  to  de- 
tect its  exact  nature  and  amount  is  want- 
ing. 

We  propose  to  call  attention,  not  learnedly 
(for  we  do  not  launch  into  abstruse  science), 
but  generally  and  broadly,  to  a  point  that 
has  suggested  itself  as  being  one  source  of 
danger :  viz.,  the  effects  of  unequal  and 
varying  distribution  of  heat  over  an  iron 
hull  at  sea.  This  point  may,  possibly, 
already  have  formed  the  subject  of  learned 
papers ;  and  if  it  has  done  so,  we  shall  be 
glad  it' our  readers  will  refer  us  to  some  of 
those  papers ;  but  whether  it  has  or  has 
not  been  treated  of  before,  we  can  affirm 
that  in  no  book  that  we  have  seen,  pub- 
lished for  every-day  use  by  masters  and 
mates,  is  the  point  pressed  on  the  attention 
of  the  student,  or  held  up  to  the  mariner  as 
being  specially  worthy  of  his  earnest 
attention.  This  article  is  not  intended  to 
be  deep  or  exhaustive,  but  purely  sugges- 
tive. If  it  should  contain  anything  worth 
consideration,  and  should  be  kindly  re- 
ceived, the  writer's  object  will  be  gained ; 
if  it  should  form  the  subject  of  hostile 
criticism,  the  writer  will  be  satisfied,  for  he 
will  rest  in  the  belief  thai  the  subject  is  at 
least  of  interest. 

To  begin  with,  let  us  take  three  cases 
by  way  of  illustration  : 

1.  In  an  iron  steamship  going  up  the 
Red  Sea,  the  master  noted  that  the  devia- 
tion in  the  evening  was  different  from  the 
deviation  in  the  morning. 

2.  In  an  iron  steamship  in  the  Atlantic, 
making  a  passage  from  Liverpool  to  New 
York,  the  ma  ter  found  an  alteration  in  his 
compass  of  10  deg.  in  one  hour.  This 
happened  when  the  ship  was  running  along 
the  shoals  in  25  to  30  fathoms  of  water, 
between  Georges  and  Nantucket  Sudden 
change  of  deviation  is  common  between 
Sable  Island  and  Nantucket,  though,  ex- 
cept on  this  occasion,  we  have  not  heard  of 
it  exceeding  5  deg.  It  is  partly  occasioned 
by  the  rapid  change  in  magnetic  latitude, 


but  in  a  great  measure,  we  believe,  by  the 
alternate  bands  of  warm  and  cold  water. 

3.  In  the  case  of  an  iron  steamship  in 
port,  a  deviation  of  10  deg.  was  observed. % 
In  this  case  the  sun  was  shining  brightly 
on  one  side  of  the  ship,  and  the  other  side 
was  shaded. 

How  are  these  errors  to  be  accounted 
for? 

In  "Bakewell's  Electricity,"  page  229,  is 
a  passage  as  follows  :  "  The  development 
of  heat  being  a  characteristic  phenomenon 
of  an  electric  current,  it  was  inferred  that 
beat  was  also  capable  of  developing  elec- 
tricity. The  satisfactory  proof  of  this  in- 
ference is  due  to  Professor  Seebeck,  of  Ber- 
lin ;  and  though  this  interesting  branch  of 
electric  science  has  yet  made  no  important 
progress,  sufficient  has  been  done  to  prove 
that  heat,  electricity,  and  magnetism  are 
correlative  forces.  All  that  is  necessary 
for  the  development  of  thermo-electricity  is 
to  heat  any  metallic  body  irregularly  at  its 
extremities."  ..."  The  quantity  of 
electricity  excited  is,  to  a  certain  point,  pro- 
portionate to  the  different  degrees  of 
temperature  communicated  to  different 
parts  of  the  same  metallic  bar,  and  does 
not  depend  on  the  absolute  heat.  Thus  the 
application  of  ice  will  produce  ah  electric 
current,  as  well  as  the  application  of  heat, 
and  by  applying  ice  to  one  corner,  and  (heat) 
the  flame  of  a  spirit  lamp  to  the  oth<-r,  at 
the  same  time,  the  effect  is  greatly  in- 
creased." 

It  is  not  possible  that  we  have  in  this  a 
clue  to  the  secret  for  which  we  are  search- 
ing, and  is  it  not  possible  that  the  fact  of 
the  City  of  Washington  being  out  of  her 
course,  was  owing  to  the  action  of  unequal 
heat  on  her  hull,  and  the  consequent  effect 
on  her  compasses?  The  iron  ship  steam- 
ing up  the  Red  Sea  would  have  the  rays  of 
the  sun  directly  impinging  on  one  side  of 
her  black  iron  hull  in  the  morning,  and  on 
the  opposite  side  in  the  evening.  Both  in 
the  morning  and  in  the  evening  the  hull 
would  be  unequally  heated,  but  in  opposite 
directions,  thus  producing  varying  currents 
of  electricity  in  the  hull.  May  not  this  ac- 
count for  the  difference  in  the  deviation  of 
the  compass  at  evening  as  compared  with 
the  morning  ?  The  master  of  that  ship  has 
not  been  able  to  account  for  it  to  this  day. 
The  iron  steamer  in  the  Atlantic,  to  which 
we  have  referred,  may  have  suddenly  gone 
from  warm  water  into  cold  water,  or  vice 
versa,  and   this  sudden  cooling  or  sudden 
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warming  of  the  bottom  of  the  ship,  as  com- 
pared with  warmth  to  coldness,  pre-existing 
in  the  whole  hull,  may  it  not  have  account- 
ed for  the  alteration  of  10  deg.  in  the  com- 
passes in  one  hour,  referred  to  above  ? 

Then,  again,  one  of  the  most,  if  not  the 
most,  prolific  source  of  danger  is  the  heel- 
ing deviation,  the  amount  of  which  is  rarely 
determined  by  the  compass  adjuster;  and 
masters  who  do  not  insist  on  ascertaining 
it  for  their  own  information,  are  subject 
to  an  unsuspected  error,  which,  in  iron 
steamships,  with  deck-houses,  etc.,  of  iron, 
is  often  enormous  in  its  proportions  ;  not 
unfrequently,  if  the  compass  is  impioperly 
placed,  it  may  be  half  a  point  for  each 
degree  of  heel,  so  that  15  deg.  of  heel,  not 
uncommon  in  narrow  ships  grain  laden, 
may  mean  seven  and  a  half  points  ;  or,  tak- 
ing the  heel  15  deg.  each  way,  fifteen  points. 
Few  compass  adjusters,  if  they  had  any 
option  (and  sometimes  they  have  not), 
would  place  a  compass  so  badly,  but  we  are 
simply  showing  what  may  happen.  We 
are  not  writing  at  random,  but  instancing 
what  we  are  well  advised  has  happened. 

We  may  easily  understand  from  this  how 
it  happens  that  nautical  assessors  often  find 


that  a  ship  has  steered  a  course  that  ought 
to  have  taken  her  clear  of  the  land,  and  are 
entirely  unable  to  account  for  the  stranding. 
Everything  depends  on  the  master  of  the 
ship,  and  if  he  is  not  alive  to  the  numerous 
sources  of  error,  no  legislation  in  the  world 
will  help  him. 

We  sympathize  with  the  captain  of  the 
City  of  Washington,  as  we  are  fully  advised 
of  the  great  difficulty  of  safely  navigating 
an  iron  steamship  in  the  Atlantic,  especially 
when  nearing  the  American  coast  without 
observation.  The  anxiety  of  running  through 
1,600  miles  of  fog  and  the  constant  watch- 
fulness entailed  are  not  readily  forgotten  by 
those  on  whom  they  have  devolved,  and  are 
altogether  unappreciated  by  the  outer 
world. 

We  began  this  paper  by  stating  that  we 
only  wish  it  to  be  a  modest  attempt  at  rais- 
ing discussion  and    spreading  information. 

!  If  there  should  be  something  in  it,  and  we 
would  timidly  hope  that  there  is,  then   we 

i  would  suggest  that  more  good  may  be  done 
by    calling    the    attention    of    owners    and 

|  masters  to  these  points,  than  in  legislating 

I  for  compass  adjustment,  and  for  the  exaini- 

I  nation  of  compass  adjusters. 


STEAM  ENGINE  IMPEOVEMENT. 


From  "The  Engineer. 


The  title  of  this  article  is  one  which 
must  be  familiar  to  the  readers  of  scientific 
periodicals,  and  many  readers  of  "  The 
Engineer  "  will  be  disposed  to  regard  the 
subject  matter  of  our  discourse  as  trite, 
hackneyed,  and  worn  out.  We  venture  to 
think,  however,  that  next  winter,  when 
coal  has  reached  the  price  at  which  it  is 
certain  to  be  quoted,  users  of  steam  power 
will  be  disposed  to  regard  the  improvement 
of  the  steam  engine  as  a  matter  of  very 
vital  importance,  about  which  too  much 
cannot  well  be  said ;  and  they  may  even 
feel  some  regret  should  they  neglect  to 
gather  any  crumb  of  information  which 
it  is  in  the  power  of  others  or  of  ourselves 
to  afford  them.  Indeed,  if  proofs  were 
wanting  that  the  improvement  of  the  steam 
engine  is  a  subject  of  perennial,  never 
dying  interest,  it  would  be  afforded  by  a 
reference  to  the  patent  specifications  which 
we  publish  every  week.  The  number  of 
patents  taken  out  every  year  for  improve- 
ments in  the  construction  of  steam  engines 


and  steam  generators  is  relatively  enor- 
mous ;  and  one  of  the  principal  objects 
which  we  have  in  penning  this  article  is 
to  afford  certain  hints  to  inventors  which 
may  serve  to  direct  their  labors  to  a 
useful  end.  We  propose,  in  a  word,to  in- 
dicate the  nature  of  the  improvements  re- 
quired in  steam  engines,  and  so  to  enable 
men  coming  comparatively  fresh  to  their 
work  to  avoid  waste  of  time  and  ability  in 
carrying  out  schemes  which  are  already 
old  and  well  known,  or  absolutely  useless 
as  far  as  effecting  any  real  improvement 
in  the  steam  engine  is  concerned. 

In  approaching  this  subject  it  must  not 

be   forgotten  that  those  who   build  steam 

engines  must  live  by  building  them,  and 

,  that    economical    steam    engines — in  other 

I  words,  machinery  of  a  good  type — must  cost 

more,  and  ought  to  cost  more,  than  inferior 

engines.     Strangely  enough,   however,  we 

find  that  certain  short-sighted  steam  users 

!  are  actually  more  indisposed  than  ever  to 

pay  a  proper  price  for  good  machinery  since 
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the  value  of  fuel  augmented.  They  urge 
in  too  many  instances  the  high  price  of  fuel 
as  a  reason  for  not  employing  what  they 
are  pleased  to  regard  as  expensive  engines, 
asserting  that  coals  cost  so  much  they  have 
no  money  to  spare  for  machinery.  Of 
course  this  is  not  true  of  the  entire  steam- 
using,  steam  engine-buying  public,  but  it 
is  true  of  a  considerable  section  of  it ;  and 
the  engineer  who  proposes  to  himself  that 
lie  will  set  about  improving  the  steam  en- 
gine, and  turning  out  something  better  than 
anything  he  or  his  firm  have  built  before, 
sbo^d  weigh  well  the  cost,  and  consider 
whether  the  game  is  worth  the  candle.  It 
is  expensive  work  educating  the  public 
until  they  can  appreciate  a  good  engine, 
and  draw  the  distinction  between  it  and  a 
bad  one.  In  certain  districts,  however,  the 
engineer  will  find  the  education  of  the 
steam  user  already  perfected,  and  he  will 
see  that  it  is  impossible  to  sell  a  bad  engine 
at  any  price.  The  engineer,  therefore, 
should  well  consider  what  he  is  about  be- 
fore he  rushes  off  to  the  Patent  Office  to 
secure  protection  for  an  invention  which, 
"however  admirable,  will  not  be  appreciated 
by  his  clients. 

With  these  words  of  warning  we  may 
proceed  to  consider  the  position  of  the  en- 
gine inventor  who  is  certain  to  find  a  ready 
and  remunerative  sale  for  the  best  en- 
gines he  can  produce,  and  this,  we  venture 
to  say  is  the  position  of  most  marine  engine 
builders  at  the  present  moment,  and  it  is 
also  the  position  of  a  very  considerable 
number  of  the  stationary  engine  builders 
who  supply  spinners  and  weavers.  On  the 
otherjiand,  mine  owners  and  ironmasters 
care  but  little  for  economical  engines.  They 
want  strong  machinery  which  will  not  break 
down,  but  they  pay  small-  attention  to  a 
saving  of  a  pound  or  so  of  coal  per  horse 
power  per  hour.  We  have  already  referred 
to  our  patent  lists,  and  we  commend  to  the 
study  of  such  of  our  readers  as  are  interest- 
ed in  the  matters  of  which  we  are  writing 
that  portion  of  these  lists  which  refers  to 
steam  engines,  boilers,  furnaces,  etc.  They 
will  there  find  that  nearly  all  the  patents 
taken  out  for  improvements  in  steam  en- 
gines are  similar  in  character.  They  have, 
in  a  word,  nearly  all  the  same  objects  in 
view,  and  these  objects  are  twofold — first, 
economizing  the  use  of  steam ;  and,  secondly, 
regulating  the  speed  of  the  engine.  We 
shall  neglect  the  latter  subject  at  present. 
The  former  turns  almost  invariably  on  the 


construction  of  the  valves  or  valve  gear. 
The  great  idea  with  all  inventors  appears 
to  be  that,  given  a  perfect  valve  gear  every 
other  good  quality  follows  in  its  train.  Now, 
we  should  be  the  last  to  dispute  the  advan- 
tage of  a  good  valve  gear ;  but  we  beg  to 
impress  the  fact  on  our  readers  that, 
although  good  valve  gear  is  essential  to 
oconomy,  it  will  not  compensate  for  other 
defects,  and  so  we  come  to  certain  proposi- 
tions which  should  be  generally  under- 
stood. 

The  first  of  these  propositions  is  that  a 
great  deal  more  steam  is  used  by  a  steam- 
engine  at  each  stroke  than  is  theoretically 
necessary  to  develop  the  power  actually 
exerted  by  the  engine,  and  this  is  true, 
without  qualification,  of  the  best  engine  ever 
built.  To  make  this  proposition  as  clear  as 
possible,  we  will  illustrate  it  by  a  practical 
example.  A  steam-jacketed  condensing  en- 
gine with  a  vacuum  of  27  in.  and  working 
up  to  150  indicated  horse-power  uses  -6 
lbs.  of  steam  per  horse  per  hour.  The  ini- 
tial pressure  in  the  valve  chest  is  60  lbs. 
above  the  atmosphere,  and  the  cut-offtakes 
place  at  one-tenth  of  the  stroke.  Now, 
theoretically,  one-horse  power  indicated 
should  be  supplied  by  this  engine  for  every 
11  lbs.  of  steam  used  per  hour.  The  abso- 
lute theoretical  initial  pressure  in  the  cyl- 
inder may  be  taken  as  74  lbs.  per  sq.  in. 
This  gives  an  average  pressure  with  a  cut- 
off at  one-tenth  of  24.42  lbs.,  from  which, 
making  the  deduction  of  2.42  lbs.  for  back 
pressure  we  have  22  lbs.  left  as  the  average 
effective  pressure.  The  piston  speed  of 
the  engine  to  which  we  refer  is  500  ft. 
per  minute.  Therefore  each  inch  of  piston 
does  500X22=11,000  foot-pounds  of  work 
per  minute,  and  tt*<?0t5—3  sq.  in.  of  piston, 
which  moving  over  500  ft.  per  minute  suf- 
fices to  develop  one  horse-power.  But 
500  ft.  per  minute  is  30,000  ft.  per  hour, 
consequently  the  hourly  consumption  of 
steam  is  in  volume  1,080,000  cubic  in.,  or 
625  cubic  ft.  But  we  have  stated  that 
steam  was  cut  off  at  one-tenth  of  the  stroke, 
therefore  the  whole  quantity  admitted  to 
the  cylinder  was  but  62.5  cubic  ft.  per 
horse-power  per  hour,  the  pressure  of  this 
steam  being,  however,  not  22  lbs.  but  74  lbs 
Now  steam  of  this  pressure  weighs  per  cu- 
bic ft  .177  lb.  approximately;  from  this  it 
follows  that  the  whole  weight  of  steam  re- 
quired theoretically  per  horse  per  hour  is 
but  11.06  lbs.  The  weight  of  steam  actually 
used  by  the  engine  is,  however,  26  lbs.,  or 
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more  than  double  that  theoretically  neces- 
sary. The  second  proposition  is,  that 
nearly  all  this  waste  of  steam  and  fuel  is 
due  to  cylinder  condensation.  The  engine 
we  have  named  is  actually  at  work,  we 
know  what  its  performance  is,  and  have 
examined  and  calculated  diagrams  from  it. 
The  diagrams,  if  not  faultless,  are  at  least 
fairly  good,  the  valve  gear  being  of  an  ex- 
cellent type. 

Now  it   is   such    engines  as    these  with 
which   modern  inventors  propose  to  deal, 
and  in  almost  every  instance   they   assume 
that  the  only  thing  needful  is  a  better  type 
of  valve  gear.     It  is  quite  possible   that  if 
the   valve  gear  of  the   engine  in  question 
were  slightly  modified,  a  saving  of  about  one 
pound  of  steam  per  horse  per   hour  would 
be  effected  ;  but  this  is  practically  nothing  ; 
an  improvement  which  would  do  no  more 
than  this  is  not  an  improvement  at  all.   We 
have  quite  enough  of  new  types  and  modi- 
fications of  valve  gear.        Our  readers  may 
rest  assured   that  no  advantage,   as   far  as 
economy  of  fuel,  is  to  be  had  by  any  so- 
called  improvement  on  the  Cornish  cateract 
double  beat  valve ;    the  cam   puppet  valve 
gear,   such  as  that  used  by   Fairbairn  in 
his  Saltaire  engines ;  the   Corliss  gear,  or, 
indeed,  the   secondary   slide   gear.     As  re- 
gards simplification  of  parts  and  reduction 
of  first  cost  and  wear  and  tear,  there  is  still 
room  for  invention  in  valve   motions,  but 
nothing  is  to  be  hoped  for  in  the  way  of 
economy.     This  being  so,    we  would  fain 
direct  the  labors  of  inventors  into  other  and 
more  promising  channels.     We  have  shown 
from  actual  practice   that  a  very  good  en- 
gine, burning  not  more  than  3   lbs.  of  coal 
per  horse  per  hour,  is  actually  using  more 
than    twice    as  much   steam  as   it   ought. 
Taking  this  engine  as  a  point  of  departure, 
the  man  who  wishes  te  improve  upon  it 
should    endeavor  to  ascertain  what  is  the 
cause  of  the  loss,  and   until  this  be  settled 
it   is  but  waste  of  time  to  seek  for  a  rem- 
edy.    Inventors,    however,    as    a   rule,   go 
very  blindly  to  work.     They  assume,  they 
seldom    or   never    reason.       They    glance 
superficially  at  a  difficulty;    they  do  not 
endeavor  to  understand   its  nature.     Watt 
would  never  have  invented  the  condenser  if 
he  had  not  analyzed  with  the  utmost  pa- 
tience the  nature  of  the  defects  which  it 
was  intended   to  remedy,  and   so  long  as 
men  continue  to  rush  to  the  Patent  Office 
the  moment  they  hit  on  a  device  which  is 
pretty  and  ingenious,  without  regard  to  its 


real  fitness  for  its  intended  purpose,  we 
shall  have  no  further  progress  in  steam  en- 
gine improvement,  at  least  in  the  highest 
and  most  important  sense,  namely,  the 
economy  of  fuel. 

Let  us  see,  then,  what  direction  invention 
should  take.  The  example  which  we  have 
cited  affords  an  every- day  lesson  which  he 
who  runs  may  read.  We  have  stated  that 
the  major  part  of  the  loss  of  steam  to  which 
we  have  called  attention,  is  due  to  conden- 
sation in  the  cylinder ;  it  is  not  all  due  to 
this  cause,  however,  but  so  much  of  it  is 
that  we  may  for  the  present  confine  our 
attention  to  cylinder  condensation  alone. 
We  may  stop  to  point  out  here  that  if  the 
engine  worked  with  steam  of  24.42  lbs.  full 
stroke,  that  is,  without  expansion,  the  re- 
quired theoretical  quantity  per  indicated 
horse  per  hour  would  be  about  34  lbs.  In 
practice  about  45  lbs.  would  be  used.  From 
this  it  would  appear  that  the  total  quantity 
of  steam  by  weight  lost  is  practically  inde- 
pendent of  the  rate  of  expansion — a  fact 
explained  by  the  influence  of  the  jacket  in 
the  expansive  engine.  But  it  also  appears 
that  the  ratio  of  loss  increases  in  a  very 
large  propertion  as  we  use  higher  measures 
of  expansion.  Returning  now  to  the  duty 
of  the  inventor  who  desires  to  improve 
upon  existing  practice,  it  is  obvious  that 
all  his  energies  should  be  concentrated  on 
preventing  condensation,  whether  in  the 
cylinder  or  in  the  jacket.  The  great  want 
is  a  non-conducting  cylinder.  The  opera- 
tion of  such  a  cylinder  we  have  so  frequently 
explained  that  we  need  not  dwell  on  the 
matter  here.  Suffice  it  to  say  that  by  the 
aid  of  a  perfectly  non-conducting  cylinder  a 
greater  amount  of  economy  in  the  use  of 
steam  can  be  realized  than  is  att  dnable  by 
any  other  improvement  of  which  the  steam 
engine  is  capable.  Is  it,  we  ask  inventors, 
absolutely  certain  that  no  other  material 
can  be  used  for  cylinders  than  cast  iron? 
The  shell,  indeed,  may  be  of  that  material, 
but  why  should  the  whole  inner  surface  be 
composed  of  metal  which  is  an  admirable 
conductor?  The  specific  heat  of  lead,  for 
example,  is  22.6,  while  that  of  iron  is  87.8. 
It  may  be  assumed  that  a  given  thickness 
of  metal  in  a  cylinder  must  be  raised  at 
each  stroke  of  the  engine  from  some 
temperature  t  to  some  other  temperature  t l, 
the  quantity  of  metal  will  be  augmented 
with  its  conducting  power  for  obvious 
reasons.  As  lead  is  a  worse  conductor  than 
iron  we  may  assume  broadly  that  the  same 
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weight  of  metal  will  be  raised  from  t  to  t  l  , 
in  a  cylinder  whether  of  lead  or  iron,  but 
the  weight  of  steam  condensed  to  effect  this  \ 
rise  of  temperature,  would  be  22.6  in  the  case  | 
of  the  lead  cylinder,  and  87.8  in  the  case  of  I 
the  iron  cylinder ;  for  this  reason  lead 
would  be  four  times  as  good  a  material  for 
a  cylinder  as  iron.  Of  course,  a  lead 
cylinder  cannot  be  used,  because  it  is  too 
soft.  It  remains  for  the  inventor  to  supply 
a  material  which,  with  the  low  specific  heat 
of  lead,  shall  possess  sufficient  hardness. 
It  'is  clear,  however,  that  there  are  large 
surfaces  inside  a  cylinder  never  exposed  to 
friction — the  piston  faces  and  cylinder  lids. 
These  might  obviously  be  made  of  non- 
conducting materials  with  great  benefit. 
Slate  or  enamelled  pottery  ware,  for  example, 
properly  let  into  iron  frames,  would  answer 
an  excellent  purpose,  and  they  would  tell 
to  special  advantage  in  the  use  of  large 
cylinders  with  a  short  stroke.  Again,  it 
has  been  proved  to  demonstration,  that  the 
admixture  of  a  small  quantity  of  air  with 
steam  reduces  its  tendency  to  condensation. 
The  use  of  air  in  combination  with  super- 
heated steam  has  never  yet  been  tried, 
except  on  a  small  scale  by  Mr.  Parker. 
The  advantage  obtained  was  always  great 


and  obvious.  The  mixture  of  air  with 
saturated  steam  is  of  very  small  value  in 
practice,  as  the  cooling  of  the  st-am  results 
in  dampness  fatal  to  economy ;  very  great 
benefit  would  follow  on  the  injection  of  a 
small  quantity,  say  ten  per  cent.,  of  air  into 
steam  superheated  to  just  such  a  point  that 
the  mixture  of  cold  air  with  the  steam 
would  absorb  or  nearly  absorb  the  super- 
heat. Here  is  another  field  for  the  inventor 
to  work  in.  Again,  we  may  point  out  that 
much  heat  is  dissipated  by  conduction  from 
the  cylinder  to  the  bed  plate — much  more 
heat,  and  consequently  steam,  is  wasted  in 
this  way,  especially  in  small  engines,  than 
is  suspected.  Who  will  step  in  to  prevent 
this  waste  ? 

We  might  extend  this  list  of  suggestions 
very  considerably.  We  have  said  enough, 
however,  we  hope,  to  divert  a  little  of  the 
inventive  talent  of  the  nation  from  valve 
gear  and  governors  to  a  path  where  it  is 
more  likely  to  achieve  some  really  valuable 
results.  Each  improvement  effected  may 
promote  the  economy  of  the  modern  steam 
engine  only  a  little,  but  a  multiplicity  of 
small  savings  will  constitute  an  aggregate 
result  on  which  an  inventor  may  look  with 
some  pride  and  self-satisfaction. 


ROCK-BOEING  MACHINERY  * 
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By  Major  BEAUMONT. 
From  "Engineering." 

Rock-Boring1  Company 


All  new  applications  of  machinery  must, 
in  these  times  of  high-priced  manual  labor, 
have  a  peculiar  interest,  especially  to  such 
a  body  of  practical  gentlemen  as  that  which 
I  now  have  the  honor  to  address  ;  and  the 
application  of  the  diamond  to  the  general 
purposes  of  mining  will,  1  think,  be  allowed 
to  be  producing  results  well  worthy  of  your 
attention.  I  appreciate  fully  the  value  of 
time,  and  shall,  therefore,  proceed  at  once  ( 
to  my  subject,  without  making  any  intro-  ! 
ductory  remarks,  or  referring  to  other 
means  of  doing  the  same  work  as  is  done  | 
by  the  diamond  drill,  except  so  far  as  may 
be  necessary  to  explain  the  difficulties  which 
it  is  asserted  the  system  under  discussion 
overcomes.  The  patents  for  the  diamond 
drill  are  extensively  worked  by  the  Diamond 
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the  results  previ- 
ously obtained  having  removed  the  system 
from  the  category  of  experiment,  and 
established  it  as  a  recognized  and  practical 
success.  As  a  rule  the  company  neither 
sell  machines  nor  let  them  out  on  royalty, 
but  contract,  at  a  fixed  price,  for  the  exe- 
cution of  work.  The  business  taken  up  by 
the  company  divides  itself  into  four  classes, 
in  some  of  which  a  greater  advance  has 
been  made  than  in  others. 

1.  The  sinking  of  boreholes  for  the  pur- 
pose of  testing  or  prospecting  for  minerals. 

2.  The  driving  of  drifts,  galleries,  and 
tunnels,  whether  for  mining,  water-works, 
or  railways. 

3.  The  sinking  of  shafts. 

4.  The  removal  of  subaqueous  rocks  by 
blasting. 

All  of  you  will  have  a  general  idea  of 
how  these  operations  are  carried  on.  Still, 
in  order  to  enable  you  to  value  the  results 
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obtained  with  the  diamond  drill,  I  shall 
recall  the  leading  features  of  the  position 
in  which  the  application  of  machinery 
stands  with  reference  to  them. 

1.  Boreholes  are  ordinarily  put  down  by 
giving  a  reciprocating  motion  to  a  chisel 
attached  to  the  ends  of  rods,  lengthened  as 
the  hole  is  deepened,  the  debris  being 
brought  up  by  means  of  shells  or  augers. 
This  reciprocating  motion  is  given  either  by 
manual  labor  or  by  power.  A  considerable 
difficulty  arid  risk  attends  giving  even  a 
very  moderately  rapid  reciprocating  motion 
to  a  long  column  of  rods,  and  to  get  over 
this  difficulty,  and  facilitate  their  with- 
drawal, Messrs.  Mather  and  Piatt  have 
constructed  machinery  whereby  the  cutting 
is  done  by  the  fall  of  a  tool  suspended 
from  a  rope,  the  great  point  of  gain  being 
the  speed  at  which  the  necessary  tools 
either  for  cutting  or  removing  the  debris 
can  be  lowered  to  their  work  and  with- 
drawn. Attempts  have,  moreover,  been 
made  to  apply  a  rotary  motion  to  steel 
cutters,  but  even  in  soft  rock  the  progress  so 
ob  tained  has  been  extremely  slow,  because 
no  steel  can  be  got  which  will  withstand 
the  abrading  action  of  the  rock. 

2.  Headings  are  ordinarily  driven  by  dril- 
ling holes  and  blasting  them.  Machinery  is 
applied  to  the  drills  by  attaching  them  to 
pistons,  actuated  by  compressed  air  in  cyl- 
inders, a  supply  of  water  to  clear  the  debris 
and  cool  the  tool  being  used.  The  air  is 
distributed  by  a  valve  or  valves,  driven  by 
suitable  mechanism,  and  a  rotating  motion 
is  given  to  the  tool  to  obviate  its  striking 
two  blows  in  the  same  place.  All  the 
percussive  systems  of  boring  machines  in 
actual  use  come  under  the  above  descrip- 
tion, varying  in  the  greater  or  less  degree 
of  mechanical  skill  with  which  the  parts 
have  been  arranged. 

Some  machinery  has  been  made  which 
proposes  to  drive  tunnels  at  one  operation, 
entirely  by  machinery,  and  without  the  use 
of  powder  ;  but  hitherto,  so  far  as  I  know, 
only  a  few  yards  have  been  so  driven  ex- 
perimentally. 

3.  Drills  similar  to  those  applied  to  tun- 
nel driving  have  been  used  for  shaft  sink- 
ing, but  only  singly,  and  I  have  not  heard 
of  any  case  where  the  speed  of  the  sinking 
has  been  notably  increased. 

■±.  The  putting  down  of  blast  holes  under 
water  has  always  been  considered  a  most 
difficult  operation,  because  a  blow  cannot 
be  struck  under  water,  and  I  have  never 


heard  of  machinery  being  applied  in  this 
direction  at  all.  I  saw  on  the  Suez  Canal 
rocks  being  removed  by  blasting,  but  the 
holes  were  put  in  by  ordinary  churn  jump- 
ers, worked  from  barges  anchored  in  the 
stream. 

The  diamond  drill  is  in  principle  quite  dis- 
tinct from  any  other  system  of  holing  rock, 
and  works  by  rotation  without  striking  a 
blow.  Its  action  is  rather  that  of  abating 
than  cutting,  and  the  effect  is  produced  by 
the  sheer  difference  in  hardness  between 
the  diamond  and  the  rock  it  is  operating 
upon.  There  is  really  no  comparison 
between  the  hardness  of  the  dia- 
mond and  that  of  ordinary  rock.  If  a  dia- 
mond be  kept  rotating  against  a  piece  of 
sandstone  it  would  cut  a  hole,  say  a  mile 
deep,  before  it  was  seriously  worn.  It  will 
be  seen  at  once  that  if  this  wonderful  re- 
sisting power  be  properly  taken  advantage 
of,  a  machine  can- be  constructed  that  will 
hole  rock  without  striking  blows.  This 
enables  machinery  of  the  simplest  and 
most  ordinary  character  to  be  used,  and 
thus  avoids  those  special  difficulties  that 
the  mechanic  must  face  when  he  is  driven 
to  utilize  a  large  power  in  the  production 
of  percussive  action  ;  moreover,  machinery 
can  be  applied  in  places  where  a  recripro- 
cating  motion,  if  admissible  at  all,  would 
present  peculiar  difficulties — such  as  mak- 
ing a  hole  under  water,  or  putting  down 
deep  holes  where,  from  the  circumstances 
of  the  case,  the  cutter  must  be  at  a  great 
distance  from  the  source  of  power. 

The  diamonds  that  are  used  are  not  val- 
uable gems,  but  carbonate,  a  substance 
that  till  lately  had  no  commercial  value, 
and  was  first  introduced  for  the  purpose  of 
cutting  other  diamonds.  It  comes  from 
the  Brazils  in  considerable  quantities,  and 
though  it  has  not  yet  been  discovered  in  the 
Cape  diamond  fields,  it  is  more  than  pro- 
bable that  it  exists  there,  and,  indeed,  wher- 
ever the  diamond  is  found.  You  will  see 
that  its  appearance  is  much  like  that  of  a 
piece  of  coal,  or  dull  jet,  and  as  unlike  as  it 
is  possible  to  be  to  its  brilliant  sister,  the 
ordinary  diamond  ;  though  chemists  tell  us 
that  the  two  are  identical  in  composition.  I 
presume  that  one  is  perfectly,  the  other 
imperfectly  crystallized  ;  and  if  so,  it  is  no 
doubt  this  very  imperfect  crystallization 
that  gives  to  carbonate  its  value  for  my 
purpose,  as  it  has  no  or  next  to  no  cleavage, 
and  consequently  does  not  split  up  and 
break  in  the  way  that  a  diamond  or  piece 


440 


VAN   NOSTRAND'S    ENGINEERING   MAGAZINE. 


of  board  would  do.  This  last  substance,  of 
which  I  hold  a  sample  in  my  hand,  is  an 
impure  diamond,  and  would  seem  to  stand 
half  way  between  the  brilliant  and  carbo- 
nate. According  to  the  tables  published  in 
Ure's  "Dictionary  of  Arts,"  the  following 
are  the  different  specific  gravities  and  de- 
grees of  hardness  of  some  of  the  hardest 
stones: 

Substance.                           Hardness.  Sp.  Grav. 

Diamond  from  Ormns "20  3.7 

l'ink  Diamond 19  3.4 

Bluish  and  yellowish 19  3  3 

Ruby 17  4.2 

Pale  ditto  from  Brazil 16  3.5 

Deep  blue  sapphire.. 16  3.8 

Ditto  paler 17  3  8 

Topaz 35  4.2 

Whitish  topaz 34  3.5 

Emerald 12  2  8 

Garnet 12  4.4 

A-rate 12  2.6 

Onyx. 12  2.6 

Quartz 10  2.7 

Now,  as  there  is  plenty  of  corundum  or 
rubies  and  sapphires  in  the  market  at  mere 
nominal  values  as  compared  with  those  of 
carbonate,  I  thought  they  could  be  advan- 
tageously used  in  place  of  the  latter,  if  only 
their  hardness,  as  compared  with  the  dia- 
mond, was  anything  approaching  that  which 
the  tables  led  me  to  look  for.  On  trying, 
however,  both  sapphires  and  corundum,  I 
found  the  above  proportions  altogether 
wrong  in  point  of  hardness :  they  wore  no- 
where near  carbonate.  The  trial  that  I  put 
them  to  was  as  follows :  I  set  a  piece  of 
carbonate  in  a  suitable  holder,  and  held  it 
against  a  grindstone  ;  the  carbonate  turned 
the  grindstone  down.  On  trying  the  same 
experiment  with  the  other  minerals  the 
grindstone  wore  them  down.  I  am  of 
opinion,  therefore,  that  the  diamond  stands, 
in  point  of  hardness  or  resistance  to  abra- 
sion (if  the  two  are  not  synonymous  terms), 
at  an  enormous  difference  in  advance  of  any 
other  known  material  in  nature,  and  this 
seems  a  most  remarkable  fact. 

The  application  of  the  diamond  to  rock- 
drilling  is  worked  out  as  follows  :  The  stones 
are  set  in  an  annular  ring,  made  of  steel ; 
they  are  fastened  in  by  making  holes  as 
nearly  as  possible  the  size  of  the  stones  to 
be  set,  and  then  burying  them,,  leaving  pro- 
jecting only  the  amount  necessary  to  allow 
the  water  and  debris  of  the  cutting  to  pass  ; 
the  metal  is  then  drawn  round  the  stone  so 
as  to  close  it  in  on  every  side,  and  give  as 
large  a  bearing  surface  as  possible  to  resist 
the  tendency  of  the  stone  to  be  forced  out. 
I  may  here  say  the  loss  from  breakage  and 


from  the  stones  being  torn  out  is  far  more 
serious  than  from  wearing;  in  fact,  with  good 
stones  having  good  broad  running  faces,  the 
mere  wear  is  quite  trifling.  A  stone  break- 
ing out  is  always  a  cause  of  damage  to  the 
others.  The  crown  so  set  is  attached  to 
the  end  of  a  steel  tube  and  kept  rotating 
against  the  rock  at  some  250  revolutions 
per  minute.  Water  is  supplied  through  the 
hollow  of  the  bar,  whence  it  passes  under 
the  cutting  face  of  the  crown  to  the  surface 
of  the  hole  between  the  side  of  the  latter 
and  the  outside  of  the  boring  tubes  ;  the 
diamonds  are  thereby  kept  cool,  and  the 
debris  from  the  cutting  is  washed  away. 
The  crown  has  to  be  kept  pressed  forward 
with  a  force  depending  on  the  nature  of  the 
rock  to  be  cut,  varying  from  400  lbs.  to  800 
lbs.,  when  the  cutting  is  done  at  speeds 
ranging  from  2  in.  to  4  in.  per  minute. 
Granite  and  the  hardest  limestone  are 
ready  cut  at  2  in.  to  3  in.  per  minute  ; 
sandstones  at  4  in. ;  and  quartz  at  1  in.  per 
minute.  These  speeds  can  be  increased  at 
pleasure,  but  I  give  them  as  representing 
the  rates  at  which  the  drills  are  ordinarily 
seen  in  practice. 

On  the  table  is  a  sample  of  pure  emery, 
which  was  cut  at  the  rate  of  2  in.  per 
minute,  by  a  crown  which  I  now  hold  in 
my  hand  and,  which  has  bored  through  6 
in.  of  emery,  10  ft.  of  granite,  and  95  ft.  of 
hard  sandstone  ;  you  will  see  that  it  is,  so 
far  as  the  diamonds  are  concerned,  almost  as 
fit  for  work  as  ever.  The  emery  was  cut 
out  of  a  block  put  under  the  drill  for  ex- 
perimental purposes,  merely  to  show  how 
great  is  the  cutting  power  of  the  diamond. 
No  rock  is  met  with  in  mining  that  appro- 
aches emery  in  hardness,  and,  indeed,  it 
Avould  be  a  most  difficult  operation  getting 
a  hole  put  in  it  without  a  diamond  drill. 

The  cutters  travelling  in  an  annular  ring, 
it  follows  that  a  solid  core  is  produced,  an 
arrangement  which,  while  it  insures  a 
minimum  of  work  being  done  to  make  a 
given-sized  hole,  affords  evidence  of  the 
strata  passed  through,  a  fact  which  is  in- 
valuable for  certain  applications.  Having 
explained  the  crown,  and  the  way  in  which 
it  cuts,  I  shall  now  describe  the  machinery 
for  utilizing  it.  1.  For  prospecting.  The 
drawings  on  the  wall  show  two  views  of  a 
prospecting  machine,  which  are  in  all  es- 
sential particulars  the  same  as  those  now 
bein<;-  used.  The  crown  is  screwed  on  to 
the  end  of  steel  tubes,  which  are  succes- 
sively lengthened  as  the  hole  is  deepened, 
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the  bars  pass  through  a  quill,  and  are 
gripped  by  a  universal  clutch  which  causes 
them  to  turn.  Set  screws  on  the  top  of  the 
quill,  steady  thern  centrally  at  their  upper 
ends  ;  the  quill  is  attached  to  a  crosshead 
which  slides  between  two  vertical  uprights, 
and  weights  are  provided,  working  over 
pulleys  by  which  the  weight  of  the  boring 
rods  and  crosshead  are  either  increased  or 
balanced,  when  extreme  depth  of  holes  are 
reached.  The  water  is  supplied  by  a  force 
pump  passing  to  the  hollow  bars  through 
the  union  at  the  top  of  the  quill.  The 
other  gearing  about  the  apparatus  is  for 
raising  and  lowering  the  rods  by  power.  It 
consists  of  a  crab,  and  the  lifting  is  done  by 
means  of  a  chain  or  rope  passing  over  a 
pulley  attached  to  shear  legs  across  the 
hole.     Two  descriptions  of  boring  tubes  are 


used,    one    of    which    is    more    expensive 
|  than   the    other,    but  it    is    stronger,    and 
!  at   the   same  time   being  nearly   flush   on 
i  the    outside,    there    is    less    risk    of     the 
rods  jamming  in  the  hole.     Suitable  tackle 
;  is  provided  for  recovering  the   tubes  when 
they  break,  and  their  hollow  form  makes 
them   peculiarly    easy    to  get  hold  of.     It 
very  rarely   happens  that  any  are  perma- 
nently lost.  The  usual  plan  for  lifting  them 
I  is  a  taper  tap  which  enters  into  the  hollow, 
when  a  few  turns  suffice  to  get  a  firm  grip. 
The  following  table  shows  the  dates  on 
which    some    boreholes    have    been   com- 
menced and  finished,  and  at  this  moment 
the  Diamond  Rock-Boring  Company  have 
over  30  machines  either  at  work  or  about  to 
commence,  all  of  which   are   keeping  fully 
I  up  to  the  average  of  speed  there  shown. 


STATEMENT 

Showing  Results  obtained  in  some  of  the  Bxreholes  erected  by  the  Diamond  Rod'-Boring  Company. 


Including  getting  Machinery 

on  the  ground,  ere. 

Actual 

Locality. 

Wliai  for. 

Working 

Depth. 

Eemarks. 

Days. 

Commenced. 

Ended, 

1872 

1872 

ft.     in. 

Ironstone  . . . 

1st  October.. 

30th  Nov 

27th  Julv 

54 
48 

902    0 

611     0 

Moorsholme. 

1st  June 

Ironstone  found. 

1873 

Fishburn. . . . 

" 

9th  Nov 

1st  February  .... 

54 

134    0 

Coal  found. 

Beeston 

Cliewton 

Coal 

cc 

3873 
22dFel> 

1872 
31st  Dec 

22d  July 

13th  July 

116 
168 

1008    0 
802    0 

f  Boring  stopped  on  the  22d 

i   July- 

J  Boring  stopped,  and  com- 
\     menced  in  another  place. 
[Commenced  borin  ■  at  3-7 

ft.  belnw  the  surface  of 

the  ground.    At  452  ft. 

1873 

passed  a  seam,  of  coal 

Wollaton 

u 

16th  Feb 

12th  April 

48 

700    0 

-       If:,  thick;  at  587  ft.,  a 
seam  6  in.  thick;  at  654 
ft  6  in.  a  seam  4ft.  thick; 

and  at  696  ft.  through  a 
a  seam  5  ft.  10  in.  thick. 

Loftus 

Ironstone  . . . 

16th  March 

7th  June 

60 

610    2 

Ironstone  found. 

Ballyuiena  . . 

Coal 

7th  April 

24th  May 

42 

558    5 

(Nothing  of  value,  disco  v- 
\    ered. 

The  greatest  speed  attained  was  at  Walluff,  in  Sweden,  when  301  ft.  6X  in.  were  put  down  in  one  week. 


I  beg  to  read  one  among  many  certifi-  j 
cates  given,  as  I  think  that  independent  i 
testimony  of  work  actually  done  would  be  | 
more  satisfactory  than  any  statement  of 
mine. 

"Dundraw,  Wigton,  June  2,  1873. 

"To  Major  Beaumont,  E.  E.,  M.  P. 

"  Dear  Sir, — I  feel  that  I  should  not  be 
doing  my  duty7  to  the  Diamond  Hock-Boring 
Company  without  adding  my  testimony  as  to 


the  speed,  excellency,  and  satisfactory  man- 
ner with  which  your  prospecting  machine 
(No.  14)  has  done  its  work  for  me  in  Ireland. 
The  borehole  at  Ballycloghan  was  com- 
menced on  the  7th  of  April  and  completed 
on  the  23d  of  May,  when  a  depth  of  558^- 
ft.  was  reached,  the  whole  of  which  was 
bored  through  a  hard  basalt  and  whinstone; 
during  this  time  the  machine  was  ordered 
to  stop   for  a  week   for   consultation  with 
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another  gentleman  as  to  the  advisability  of 
going  deeper;  and  allowing  for  this,  and 
also  Sundays  and  wet  days,  the  daily  ave- 
rage was  within  an  inch  or  two  of  20  ft. 
per  day,  and  upon  two  days  a  depth  of  over 
40  ft.  each  day  was  bored  at  one  time,  and 
in  the  presence  of  myself  and  several  other 
gentlemen,  the  machine  was  boring  at  the 
extraordinary  speed  of  3  in.  per  minute 
( whinstone).  An  enormous  quantity  of  core 
was  daily  extracted,  and  a  complete  section 
with  perfect  specimens  was  easily  made.  I 
may  add  I  hope'  soon  to  require  another 
machine  or  two  to  bore  near  here  and  in 
Scotland. 

"I  am,  vours  very  truly, 
(Signed)         "E.  A.  Watsox,  C. E." 

In  soft  strata,  such  as  clay  sand  and  al- 
luvial deposit,  the  diamond  system  is  of  no 
use,  and  in  such  ground  we  always  use  the 
ordinary  method  of  boring,  turning  to  the 
diamond  directly  rock  is  reached.  I  may 
add,  however,  that  the  boring  tubes,  pump 
for  supplying  water,  and  the  whole  arrange- 
ment of  prospecting  machinery  (irrespective 
of  the  diamond  crown)  is  found  of  great 
use  in  getting  through  the  soft,  and  fixing 
any  necessary  lining  tubes.  The  actual 
speed  of  cut  is  the  same  as  that  previously 
quoted.  There  is,  however,  no  advantage 
in  cutting  at  so  rapid  a  rate,  as  the  time 
employed  in  actual  boring  is  as  nothing 
compared  with  that  which  is  consumed  in 
lifting  and  lowering  the  rods.  Different 
distances  are  bored  without  lifting,  accord- 
ing to  th©  nature  of  the  strata,  and  the  ne- 
cessity for  obtaining  information.  The  core, 
when  formed,  is  passed  into  a  core  tube,  and 
is  kept  from  falling  out  on  withdrawing  the 
rods,  by  means  of  sliding  wedges  or  clips 
which  allow  the  core  to  pass  freely  up,  but 
prevent  its  returning.  The  great  advan- 
tage claimed  for  this  system  Of  boring  con- 
sists in  the  speed  obtained — work  being 
done  m  less  than  months  that  formerly  took 
years,  and  in  the  fact  that  sample  cores  of 
the  strata  passed  through  are  obtained.  To 
realize  the  benefits  likely  to  accrue  from 
these  facts,  one  must  remember  the  unsat- 
isfactory evidence  afforded  by  the  pow- 
dered material  brought  up  by  the  ordinary 
method. 

Shafts  have  sometimes  been  put  down  in 
wrong  places,  and  it  is  always  of  impor- 
tance to  know  the  strata  to  be  sunk  through, 
hence  I  think  in  future  few  pits  will  be 
sunk  without  first  testing  the  ground  by 
boring  naturally.     Unless  such  a  speed  as 


the  diamond  drill  gives  were  possible,  this 
course  could  not  be  followed,  as  though  it 
might  be  well  worth  while  to  delay  a  sink- 
ing for  a  month  or  two  for  perfect  informa- 
tion, it  would  be  quite  impossible  to  do  so 
for  the  same  number  of  years. 

Turning  to  tunnel  driving,  you  have  be- 
fore you  a  drill  such  as  is  actually  used  for 
that  purpose,  the  leading  features  of  which 
are  that  the  drill  shaft  is  screwed,  and  is 
driven  by  means  of  a  longitudinal  slot  and 
feather.  Gravity,  as  in  the  case  of  the 
prospecting  perfecting  machine,  cannot  be 
used  ;  hence  the  advance  is  given  bv  a  nut 
driven  by  differential  gearing.  The  feed 
would  be  positive  were  it  not  that  the  con- 
nection between  the  nut  and  the  driver  is 
by  means  of  a  friction  brake  around  the 
former.  The  brake  is  held  together  by  an 
adjustable  spiral  spring,  and  one  of  the  lugs 
to  which  this  spring  is  attached  forms  the 
driver  of  the  nut ;  hence,  when  the  power 
necessary  to  drive  the  nut  exceeds  the  com- 
pression at  which  the  spring  may  be  ar- 
bitrarily set,  the  brake  not  only  slips,  but 
is  actually  taken  off  the  nut.  This  ar- 
rangement has  never  failed  in  practice, 
and  the  drills  may  be  relied  upon  with 
absolute  certainty  to  relieve  themselves 
wmenever  the  pressure  necessary  to  cut  the 
rock  exceeds  a  certain  amount.  Such  an 
arrangement  as  this  is  necessary,  since  the 
rock  is  always  variable  in  hardness.  The 
drills,  not  being  subject  to  the  heavy  blows 
which  percussive  action  would  throw  upon 
them,  are  not  more  liable  to  deterioration 
than  ordinary  machinery.  Some  drills  are 
now  in  good  order,  and  at  work,  which  were 
made  three  years  ago,  having  since  then 
cost  next  to  nothing  for  repairs.  Any 
number  of  drills  that  may  be  required  are 
mounted  on  standards,  which  are  connected 
with  the  air  motor  behind  them,  so  as  to  be 
all  driven  from  it.  Each  drill  can  be 
stopped  and  started  independently,  and  as 
they  work  equally  well,  no  matter  how  they 
may  be  angled,  holes  can  be  put  in  in  posi- 
tions where  a  miner  would  find  it  extremely 
difficult  to  work.  The  general  arrange- 
ment of  the  company's  tunnel-driving  ma- 
chinery is  shown  by  drawings  exhibited, 
and  I  would  draw  your  particular  attention 
to  the  method  of  fixing  and  removing  the 
machinery.  The  jacks  on  the  top  of  the 
standards  fix  the  whole  firmly  in  position, 
wThile  on  their  being  slackened  and  the 
standards  tilted  back,  which  is  done  by 
the  machine  itself,  the  whole  is  on  wheels  and 
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free  to  move.  Twenty  minutes  suffice 
ordinarily  to  get  the  machine  ready  for  work, 
and  it  could  be  done  in  less  time.  The 
compressor  used  to  drive  the  company's 
machinery  at  Bristol,  was  a  single  cylinder, 
20  in.  in  diameter,  with  a  5  ft.  stroke.  It 
was  geared  directly  to  a  24  in.  steam  cyl- 
inder, and  was  usually  driven  at  40  revolu- 
tions per  minute. 

In  applying  machinery  to  driving  head- 
ings, and  speaking  only  of  those  machines 
that  operate  by  holing  the  face  of  the 
heading,  and  use  explosives,  there  are  two 
broad  systems  of  working  which  have  been 
followed.  One  has  to  endeavor  to  imitate 
the  action  of  the  miner  who  seeks  to  put  in 
his  holes  to  the  best  advantage,  watching 
each  shot  and  angling  the  next  accordingly, 
and  putting  down  at  the  most  three  or  four 
holes  before  firing.  The  other  system  is  to 
disregard  the  lay  of  the  rock  and  the  result 
of  the  previous  tiring,  putting  down  such  a 
number  of  holes  as  to  make  an  absolute 
certainty  of  the  rock  being  fetched  to  a 
given  depth.  All  attempts  to  solve  the 
question  of  tunnel-driving  machinery  by  the 
first  system  seem  to  me  to  have  failed, 
while  the  second,  if  fully  applied,  lias  al- 
ways been  successful.  In  practice  the 
principal  difficulty  consists  in  bringing  for- 
ward and  fixing  the  machinery,  and  its 
subsequent  manipulation,  and  as  all  boring 
machines  once  fixed  put  down  their  holes 
in  a  very  few  minutes,  it  follows  that  ease 
of  management,  and  exemption  from  break- 
downs, is  a  far  more  important  element  of 
success  than  mere  rapidity  of  holing,  which 
indeed  all  systems  that  I  have  seen  pos- 
sess. The  following  statement,  taken  Irom 
actual  practice,  will  exemplify  what  I 
mean :  In  a  gallery  driven  in  compact 
mountain  limestone  by  the  Diamond  Bor- 
ing Company  as  an  advanced  heading  for  a 
tunnel  in  connection  with  the  Great  Western 
and  Midland  Railways  at  Bristol,  thirty  to 
forty  shots  were  required  to  bring  away  the 
face,  the  holes  being  3  ft.  6  in.  deep,  and  an 
advance  each  shift  of  about  3  ft.  3  in.  being 
obtained.  Six  drills  were  employed,  their 
average  speed  of  holing  being  2  in.  per 
minute,  30  holes  at  3  it. =90  ft.  and  six 
drills  at  2  in.  a  minute=l  ft.  per  minute, 
or  the  complete  holing  was  done  in  98  min. 
=1  hour  38  min.  of  actual  working.  As  a 
matter  of  fact  it  was  very  gocd  work  to  get 
the  lot  holed  in  four  hours.  Supposing  now 
the  drills  had  been  speeded  to  3  in.  per  min- 
ute, or  50  per  cent,  quicker,  the  holing  would 


have  been  done  in  a  little  over  an  hour, 
which  would  have  shown  a  saving  of  only 
half  an  hour  in  four  hours.  My  aim  has, 
therefore,  been  to  take  a  reasonable  rate  of 
speed  like  2  in.  a  minute,  and  by  so  doing 
get  certainty  of  obtaining  a  given  result 
without  break-downs,  rather  than  trying  for 
a  tour  de  force  in  actual  rate  of  cut.  Ex- 
ploding the  holes  is  done  successively,  be- 
ginning with  the  central  holes,  which  are 
angled,  and  progressing  successively  to  the 
outside  ones.  At  Mont  Cenis  the  length  of 
their  machines  precluded  the  possibility  of 
angling,  hence  they  were  driven  to  obtain  a 
first  opening  by  putting  down  larger  holes 
in  the  centre  of  the  heading,  which  were 
not  fired.  The  diamond  drill  being  shorter, 
enables  the  drills  to  be  angled,  and  the 
centre  is  blown  without  the  aid  of  empty 
holes.  I  think  it  likely  this  is  the  cheaper 
plan,  but  I  am  not  clear  that  the  Mont 
Cenis  engineers  did  not  choose  the  more 
expeditious  one,  as  the  fact  of  angling 
means  a  loss  of  progress. 

In  comparing  the  diamond  system  with 
the  Mont  Cenis  or  other  good'  system  of  re- 
ciprocating drill,  mounted  in  such  numbers 
as  to  have  a  proper  command  of  holing 
power,  I  do  not  contend  that  there  is  much 
advantage  in  favor  of  the  former  in  point  of 
speed,  as  in  either  case  the  holes  can  be  put 
in  in  any  reasonable  fixed  time.  I  submit, 
however,  that  there  is  a  certain  gain,  owing 
to  the  holes  being  true  cylinders,  and  to  the 
non-liability  of  the  drills  to  break  down,  the 
machinery  getting  out  of  order  being  always 
a  fearful  source  of  delay.  The  great  advan- 
tage claimed  for  the  diamond  system  is  its 
economy.  No  drills  have  to  be  sharpened, 
the  plant  is  no  more  liable  to  get  out  of 
order  than  ordinary  machinery,  and  the  air 
in  the  motor  can  be  used  expansively, 
against  which  have  to  be  set  the  wear  of 
the  diamonds,  and  the  fact  that  the  motor 
must  be  kept  running  whether  1  or  6  drills 
are  at  work.  The  latter  disadvantages  are, 
however,  more  than  counterbalanced  by  the 
former  advantages.  The  certificate  of  Mr. 
Brunlees,  the  engineer  for  the  Bristol  tun- 
nel, is  as  follows : 

"  Clifton  Tunnel, 
"  Westminster.,  May  13,  1872. 

"To  the  Machine  Tunnelling  Company: 

"Gentlemen — Last  week  I  had  the  pleas- 
ure of  seeing  your  diamond  borer  at  work 
in  this  tunnel. 

"  The  material  through  which  the  tun- 
nel is  being  made  is  hard  mountain  lini6- 
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stone,  with  numerous  joints  filled  with  calc 
spar. 

"The  heading,  which  measures  about  10 
ft.  by  8  ft.,  was  previously  driven  by  hand 
labor  at  an  average  speed  of  9.^  ft.  per 
week. 

"The  boring  machine,  during  its  first 
week  of  actual  work,  advanced  the  heading 
26  ft.,  though  the  men  only  made  8  shifts, 
the  rate  of  progress  per  shift  being  3  ft.  8 
in.  The  result  of  the  week's  work  was, 
therefore,  nearly  three  times  that  attained 
by  hand  labor,  and  it  is  only  reasonable 
to  assume  that  when  the  machine  men  are 
fairly  up  to  their  work  they  will  be  able  to 
bore  4  ft.  per  shift,  and  make  12  shifts  per 
week. 

"  Hence  there  can  be  no  reasonable 
doubt  that  the  advance  of  the  heading  will 
become  48  ft.  per  week,  or  about  5  times 
that  of  hand  labor. 

"  So  far  the  diamonds  show  no  symptom 
of  wear,  nor  have  any  of  them  got  loose  in 
the  setting. 

"  I  am,  Gentlemen,  yours  truly, 
(Signed)  "  James  Bkuslees." 

SHAFT  RIVETING. 

The  plans  on  the  wall  show  the  plant 
which  is  now  about  to  be  applied  to  sink- 
ing two  pits,  each  700  yards  deep,  for  the 
Harris  Navigation  Company  in  South  Wales. 
The  shafts  are  not  yet  ready  to  receive  the 
machinery,  or  it  would  long  ere  now  have 
been  at  work.  It  will  be  seen  the  princi- 
ple is  the  same  as  that  which  obtains  in  the 
tunnel-driving  machinery,  viz.,  a  pair  of 
girders  or  standards  carrying  as  many  drills 
as  can  conveniently  be  put.  on,  which  latter 
are  driven  by  a  double-cylinder  compressed 
air '  engine,  and  each  drill  can  be  stopped 
and  started  singly.  The  system  of  working 
may  be  the  same  as  that  which  I  have  de- 
scribed for  tunnel  driving,  but  as  the  dia- 
mond drill  bores  a  hole  equally  well  100  as 
1  ft.  deep,  it  is  in  contemplation  to  apply  a 
new  principle  which  the  different  circum- 
stances which  obtain  in  a  shaft,  as  ^com- 
pared with  a  heading,  render  practicable. 
In  place  of  drilling  a  series  of  holes  3  ft.  to  4 
ft.  deep,  the  holes  will  be  carried  at  one  op- 
eration, say  100  ft.  deep.  The  machinery 
will  then  be  removed,  and  the  blasting  con- 
tinued, until  the  whole  depth  bored  has 
been  reached.  The  anticipated  advantages 
of  this  system  are  that^the  machinery  will 
only  require  fixing  once  ;  and  further  (which 
is  the  main  point),  the  operation  of  drilling 


can  be  carried  on  whether  there  is  water  in 
the  shaft  or  not.  Of  course,  100  ft-  is  an 
arbitrary  depth,  and  as  the  drill  never  gets 
out  of  truth,  there  is  no  reason  why  the 
holing  500  ft.  deep  should  not  be  done  from 
the  surface,  or  so  soon  as  the  rock  may  have 
been  reached.  I  quite  anticipate  that  since 
the  holes  are  all  straight,  or  nearly  so,  it 
will  occasionally  happen  that  there  will  be 
no  free  side  to  blow  to,  or,  in  other  words,  the 
shaft  will  be  fast;  but  in  that  case  it  will  be 
easy  to  free  it  by  putting  in  a  few  hand  holes. 
I  am  given  to  understand  that  in  America 
this  system  has  been  tried  with  very  favor- 
able results,  and  I  hope  shortly  to  test  it 
fully.  If  successful,  the  enormous  difficulty 
which  dealing  with  water  always  presents 
will  be  materially  lessened,  and  a  consider- 
able economy  both  of  time  and  money  will 
result  in  sinking  shafts,  as  the  most  tedious 
part  of  the  operation,  namely,  the  holing, 
can  be  done  by  machinery  from  the  surface, 
and  irrespective  altogether  of  the  question 
of  water.  I  shall  have  much  pleasure  in 
communicating  to  any  one  in  Belgium  in- 
terested in  the  subject,  the  results  that  may 
be  obtained. 

REMOVAL  OE  SUBAQUEOUS  ROCK. 

As  regards  the  removal  of  subaqueous 
rocks,  the  drawings  on  the  wall  show  the 
plant  now  being  prepared  to  carry  out  a 
contract  for  the  removal  of  rocks  in  the 
river  Tees.  The  contract  is  between  the 
Diamond  Rock-Boring  Company  and  the 
River  Tees  Commissioners.  The  work  to 
be  done  consists  of  the  removal  of  a  long 
scrap  of  rock  600  yards  long  by  :200  yards 
broad,  with  an  average  of  20  ft.  of  water 
over  it  at  high  tide.  The  rock  is  a  terrible 
bar  to  navigation ;  it  cannot  be  got  away 
except  by  blasting,  and  to  hole  it  03-  hand 
from  a  'fixed  stage  'would  be  a  most  costly 
and  laborious  operation.  The  plant  con- 
sists of  af  barge  supported  on  legs,  adjusta- 
ble to  suit  the  irregularity  of  the  bottom  of 
the  river.  It  is  provided  with  an  engine 
and  boiler  capable  of  driving  24  drills. 
That  number  of  holes  can  be  quite  easily 
put  down  in  a  tide,  as  each  hole  8  ft.  deep 
will  not  take  more  than  an  hour  to  drill. 
The  dynamite,  which  is  the  explosive  to  be 
used,  will  be  introduced  through  the  same 
tubes  which  guide  the  drills,  and  the  holes 
will  be  exploded  so  soon  as  the  barge  has 
been  shifted^to  a  fresh  scene  of  operation. 
The  arrangements  are  such  that  the  mines 
will  be  loaded  and  fired  without  the   em- 
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ployment  of  divers.  A  single  drill  has 
already  been  used  on  the  rock  to  prospect 
it,  and  a  few  shots  fired,  sufficient  to  show 
that  the  designed  interval  of  10  ft.  from 
centre  to  centre  of  the  mines  admits  of  the 
rock  being  sufficiently  broken  up  for  dredg- 
ers to  remove  it,  and  at  the  same  time  the 
action  of  the  drill  under  water  was  seen  to 
be  perfect.  I  give  a  general  sketch  of  the 
machinery  used  for  prospecting  under  water, 
and  which  was  specially  designed  to  meet 
the  case  of  a  rough  sea ;  the  single  pile 
offers  no  resistance  to  the  waves,  and  the 
power  required  to  drive  the  drill  can  be 
conveniently  taken  from  a  barge  or  tug 
alongside  by  means  of  steam  through  a 
flexible  tube.  The  Diamond  Rock-Boring 
Company  are  offering  to  undertake  the  re- 
moval of  the  Gaunts  Rock  near  Cork  har- 
bor, and  other  sunken  rocks  in  seaways ; 
and  for  this  purpose  the  diamond  drill  is 
submitted  to  be  unrivalled,  owing  to  the 
fact  of  its  working  as  well  in  water  as  in 
air,  and  its  being  independent  of  the  dis- 
tance   at   which    the    boring   may  be   car- 


ried on  from  the  machine  itself.  In  the 
limits  of  such  a  paper  as  this  it  would 
be  impossible  to  go  more  fully  into  de- 
tail than  I  have  done.  The  whole  and 
sole  claim  to  merit  on  the  part  of  the  dia- 
mond rock  drill  consists  in  the  fact  that  the 
use  of  carbonate  enables  rotary  to  be  sub- 
stituted for  reciprocating  mjtion.  Percus- 
sive machinery  must,  from  its  nature,  be 
expensive,  and,  in  some  cases,  it  is  espe- 
cially difficult,  if  not  impossible,  of  applica- 
tion. I  have  not  alluded  to  the  use  of  com- 
pressed air  in  tunnel  driving,  which  is  com- 
mon to  any  system ;  but  I  may  be  permit- 
ted to  say  that  the  value  of  compressed  air 
as  an  adjunct  to  mining,  is  only  now  begin- 
ning to  be  properly  recognized,  and  in  pro- 
portion as  it  is  introduced  for  underground 
winding,  pumping,  and  other  purposes,  so 
it  will  facilitate  the  introduction  of  ma- 
chinery for  tunnel  driving,  as  the  compress- 
ing machinery  necessary  for  setting  drills 
in  motion  becomes  a  serious  consideration 
when  it  has  to  be  put  down  for  that  purpose 
only. 


THE  LATE  GEORGE  FRITZ. 


By  A.  L.  HOLLEY. 


In  the  death  of  Mr.  George  Fritz,  of  the 
Cambria  Iron  Works,  Pennsylvania,  the 
iron  and  steel  interest  of  America  loses  one 
of  its  most  conspicuously  successful  en- 
gineers and  managers. 

It  is  not  too  much  to  say  that  Mr.  George 
Fritz,  and  his  brother,  Mr.  John  Fritz 
(general  manager  of  the  Bethlehem  Iron 
Works),  have  created  the  American  rail 
mill,  and  established  the  success  of  the 
manufacture,  chietly  in  their  radically  new 
system  of  arranging  and  working  three- 
high  rolls,  but  largely  also  in  every  detail 
of  plant  —in  heating  apparatus,  in  adapta- 
tion of  power,  in  finishing  machinery,  and 
in  general  arrangement ;  they  have  put 
their  mark  on  every  feature,  not  only  of 
the  rail  mill,  but  of  American  rolling  mills 
at  large.  And  despite  conflicting  ambitions 
and  rival  interests,  this  distinction  is 
generally  and  freely  accorded  to  the  Fritz 
Brothers ;  and  their  counsel,  in  ail  branches 
of  the  iron  manufacture,  has  been  uni- 
versally sought,  as  of  the  highest  authority. 

A  sketch  of  the  life  and  labors  of 
George  Fritz  cannot  fail  to  be  of  interest, 
as  illustrating   the  triumph  of  mind,   not 


only  over  matter,  but  over  adverse  circum- 
stances of  many  kinds. 

Thia  master  m  mechanical  engineering — 
this  manager  whose  product  per  unit  of 
nominal  capacity  was  the  largest  on  record  — 
this  diplomatist  who  held  in  harmonious 
relations  the  largest  organization  of  the 
kind  in  America — this  practical  workman 
in  every  branch  of  the  iron  and  steel  manu- 
facture, and  of  mechanical  construction — 
this  well-read  student  in  engineering,  in 
architecture,  art,  and  general  literature — 
this  man  of  the  world  who  earned  wealth 
and  position — was  a  farm  laborer  until 
eighteen  years  of  age  ;  was  then  apprenticed 
to  a  carpenter,  and  was  only  iorty-four 
years  old  at  the  time  of  his  death.  His 
early  educational  advantages  were  of  the 
most  limited  and  ordinary  kind.  Although 
of  massive  mould,  he  was  never  in 
thoroughly  sound  health  ;  and  to  complete 
the  catalogue  of  his  embarrassments,  his 
right  hand  was  seriouJy  maimed  early  in 
his  professional  career. 

It  is  hardly  necessary  to  say,  in  view  of 
these  facts,  that  Mr.  Fritz  was  gifted  by 
nature,  not  only  with  talents  of  a  very  high 
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order  and  great  versatility,  but  with  an 
enormous  capacity  for  work,  with,  vast 
perseverance,  and  with  a  high  degree  of 
manliness  in  his  relations  with  men.  Al- 
though reserved,  and  often  severe,  he  was 
a  true  friend,  especially  to  the  young  men 
and  apprentices  in  the  works,  in  whose 
training  and  advancement  he  took  an  unusual 
interest. 

Carpentry  and  its  literature  at  a  very 
early  day  gave  direction  and  intensity,  in 
the  mind  of  Mr.  Fritz,  to  the  pursuit  of  a 
vaster  subject — architecture.  It  is  probable 
that  few  amateurs,  in  its  eesthetical  depart- 
ment, have  been  better  read  or  more  keenly 
appreciative ;  and  it  is  certain  that  in  its 
engineering  department  few  experts  have 
been  more  successful.  His  practice  in  iron 
and  timber  trusses  of  large  span,  in  stone 
and  brick  structures  for  every  variety  of 
mining  and  iron-making  plant,  and  in  now 
and  then  a  timber  Gothic  church  roof,  or  an 
elegant  dwelling-house,  was  not  small  in 
amount  or  variety.  His  later  buildings  at 
the  Cambria  Works  show  how  much  of 
beauty  in  form  and  proportion  are  strictly 
compatible  with  perfect  adaptation  to  uses, 
and  how  largely  this  element  can  be  intro- 
duced without  increasing  cost. 

The  necessities  of  his  situation  led  him, 
at  the  age  of  twenty  three,  to  change  the 
direction  of  his  craft  to  pattern  making,  and 
this,  in  turn,  opened  to  him  a  new  department 
of  construction  equally  congenial  to  his  tastes. 
How  far  he  was  fitted  to  grapple  with  the 
problems  of  mechanical  engineering,  in 
their  most  difficult  adaptations,  he  who 
runs  may  read,  through  the  rolling  mills  of 
America.  Yet  it  is  not  clear  to  those  who 
best  knew  him  that  the  pursuit  of  archi- 
tecture, considering  his  extraordinary  engi- 
neering capacity  (so  sadly  needed  by 
architects  at  large),  and  the  purity  of  his 
taste,  would  not  have  led  him  into  a  more 
useful  and  certainly  a  more  brilliant 
career. 

It  is  comparatively  easy  to  give  an 
intelligible  outline  of  the  works  of  a  master 
in  any  other  profession.  The  engineering 
works  of  George  Fritz  were  so  numerous 
and  so  largly  distributed,  that  a  working 
drawing  and  specification  of  the  American 
mill  would  be  necessary  to  make  them 
plain  to  the  general  reader. 

Among  the  more  prominent  features 
developed  by  Mr.  Fritz  is  the  three-high 
mill,  before  referred  to  in  these  columns. 
In  the  old  form  of  mill  the  grooves  were  in 


the  middle  and  bottom  rolls,  so  that  the 
piece  required  turning  over  after  each  pass. 
Messrs.  Fritz  grooved  the  bottom  and  top 
rolls ;  the  piece  does  not  require  turning 
over,  as  its  two  sides  come  alternately  in 
the  bottom  of  the  groove  of  the  top  roll, 
and  in  the  top  of  the  groove  of  the  bottom 
roll.  They  made  grooving  the  top  roll 
practicable  by  inventing  the  hanging  guide. 
They  also  applied  the  carrying  rollers,  and 
re-arranged  the  whole  system  of  guides 
and  guards.  They  were  the  first  to  apply 
direct-acting  engines  to  rail  trains,  and  they 
constructed,  above  fifteen  years  ago,  a  well 
adapted  type  of  vertical  engine,  wrhich  has 
since  been  largely  copied,  and  the  general 
features  of  which  have  entered  into  all 
modern  mill  engines.  They  also  adapted 
quick-working  engines  to  saws  and  finishing 
machinery.  They  reorganized  the  whole 
system  of  roll-turning  for  rolls,  so  shaping 
the  grooves  and  proportioning  the  reductions 
that  the  number  of  bad  rails  was  largely 
reduced.  They  overhauled  the  proportions 
of  puddling  and  heating  furnaces,  and 
doubled  their  capacity. 

Mr.  George  Fritz  invented,  and  success- 
fully worked,  at  the  first  trial,  the  feeding 
tables  on  three  high  mills  for  rolling 
Bessemer  ingots,  by  means  of  which  a  man 
and  two  boys  pass  back  and  forth,  turn 
over  and  finish,  a  7-in.  bloom  long  enough 
for  three  rails  out  of  a  14-in.  ingot  weighing 
a  ton,  in  from  three  to  four  minutes. 
These  tables  have  been  applied  to  every 
blooming  mill  in  America. 

At  the  time  of  his  death  he  had  nearly 
completed  the  designs  for  a  pair  of  blast 
furnaces  of  the  largest  class,  and  of  com- 
pound beam  blowing  engines,  of  novel  form. 
His  arrangement  of  this  work,  and  his  many 
new  features  in  hot-bLst  stoves,  and  in 
details  generally,  will  undoubted  y  prove, 
like  his  other  works,  a  mine  of  valuable 
information  to  the  iron  interest  at  large. 

Mr.  John  Fritz  took  the  management  of 
the  Cambria  Works  in  1854;  George,  who 
had  by  this  time  become  an  expert 
machinist,  being  his  assistant.  In  1860 
John  went  away  to  build  the  Bethlehem 
Iron  Works;  George  had  by  this  time 
mastered  the  business  at  large,  and  up  to 
the  time  of  his  death  was  in  charge  of 
construction  and  manufacture,  in  the  largest 
rail  works  in  America.  He  built  nio.^t  of 
the  present  structures,  including  the  Besse- 
mer Works,  and  was  in  charge  of  all  the 
engineering  of  coal   and  iron  mines,  coke 
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works,  blast  furnaces,  puddle  and  rolling 
mills,  steel  works,  shops  and  transportation  ; 
and  on  nearly  every  feature  of  all  this 
accumulation  of  plant  and  machinery,  he  i 
left  the  impress  of  his  ingenuity  and  judg- 
ment. 

A   remarkable    feature    of    Mr.    Fritz's 
engineering  career — so  prominent  as  to  be 
generally  noticed  and  commented  upon — 
remains    to    be    mentioned.     His    novelties 
always  worked  well  at  the  first  trial.     Even 
so  difficult  a  thing  as  the  feeding  into  rolls  I 
of  long,    crooked,  red-hot  blooms  of  steel,  | 
weighing    a   ton  each,   by  easily-controlled  j 
and  durable  machinery,  worked  successfully  i 


from  the  start,  although  durability  was 
promoted  by  subsequent  changes  in  pro- 
portions. Mr.  Fritz  always  thought  out 
his  plans,  in  much  detail,  before  putting 
pencil  to  paper. 

The  tribute  of  respect  paid  to  Mr.  Fritz, 
on  the  occasion  of  his  funeral,  by  the  pro- 
fession, and  by  the  representatives  of  the 
iron  interest  of  America,  and  by  the  multi- 
tude of  men  with  whom  he  had  been 
associated — many  of  whom  he  had  guided 
from  their  boyhood  into  positions  of  re- 
sponsibility— was  wide-spread  and  spon- 
taneous. He  was  buried  in  Johnstown, 
among  the  scenes  of  his  great  labors. 


PUBLIC  WOEKS  IN  JAPAN. 


From  "The  Builder." 


As  a  rule  we  do  not  get  much  informa- 
tion with  regard  to  the  public  works  of 
Japan,  and  therefore  a  little  information 
upon  the  subject  will  be  acceptable.  From 
several  official  reports  we  learn  that  public 
works  of  various  kinds  are  being  actively 
carried  out  in  different  Japanese  ports  and 
cities.  Thus,  from  Hiogo  we  learn  that 
many  public  improvements  have  been  and 
are  being  effected  there.  Last  year  the  au- 
thorities published  a  new  plan  of  roads  for 
the  town,  which  it  was  proposed  to  make  on 
the  slope  of  a  hill  behind  Kobe ;  the  work 
was  commenced  without  any  delay,  and  has 
since  been  carried  on  with  considerable  en- 
ergy. In  the  native  town  of  Kobe,  moreo- 
ver, a  large  number  of  old  houses  have 
been  lately  cleared  away  in  order  to  make 
room  for  a  new  wide  street,  wmich  is  to  ex- 
tend the  whole  length  of  the  town  from  east 
to  west.  In  consequence  of  these  improve- 
ments it  is  mentioned  that  a  large  increase 
has  taken  place  in  the  value  of  land  and 
house  property.  A  great  number  of  new 
houses  have  also  been  built  of  late  in  the 
town,  and  these,  being  on  an  improved  prin- 
ciple of  construction,  are  considered  quite 
in  the  light  of  an  architectural  reformation. 
In  Hiogo,  too,  building  operations  have 
be;  n  steadily  carried  on,  and  the  largest 
warehouses  and  stores  erected  by  foreigners 
in  Japan  have  been  built  in  that  port.  The 
streets  which  are  regular,  spacious,  and  ex- 
cellently drained,  have  been  macadamized; 
and  large  wells  are  being  sunk  in  different 
parts  of  the  town  in  order  to  give  a  more 
abundant  and  convenient  water  supply  for 


the  extinguishment  of  fires  which  may 
occur.  Extensive  new  municipal  build- 
ings are  also  being  built  in  a  central  posi- 
tion. They  will  consist  of  a  municipal 
hall,  which  will  contain  accommodation  ior 
the  municipal  superintendent  and  the  for- 
eign police,  a  prison,  and  permanent  sheds 
for  the  fire  engines.  The  streets  of  Hiogo 
have  hitherto  been  lighted  with  kerosene, 
but  for  the  future,  arrangements  have  been 
made  to  light  them  with  gas.  This  work  is 
in  the  hands  of  a  company.  At  Osaka,  too, 
a  new  municipal  hall  is  now  in  course  of 
construction  ;  while  the  paving  and  drain- 
ing of  the  streets  have  been  completed,  and 
the  pier  for  ferry  steamers  has  been  consid- 
erably extended.  In  the  native  town  old 
wooden  bridges  have  hitherto  been  in  exist- 
ence, but  these  are  gradually  being  replaced 
by  substantial  iron  structures  of  a  much  im- 
,  proved  character.  Large  additions  have 
!  been  made  to  the  Imperial  Mint  buildings 
\  for  the  minting  of  copper  coin,  and  for  the 
manufacture  or."  sulphuric  acid.  These  ad- 
ditional works,  however,  have  not  as  yet 
been  completed.  A  new  railway  is  in  course 
of  construction  between  Hiogo  and  Osaka, 
but  its  progress  is  very  slow,  and  it  is  not 
expected  that  it  will  be  finished  until  next 
year.  A  new  line  is  also  projected  between 
Osaka  and  Kioto,  and  a  large  quantity  of 
material  has  been  prepared,  but  the  order 
for  its  construction  has  not  yet  been  issued. 
Telegraphs  in  this  part  of  the  country  have, 
it  is  said,  proved  a  very  great  convenience, 
and  are  much  appreciated. 

From  Kana0awa  we  learn  that  public 
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works  there  have  been  actively  carried  out. 
Railway  construction  is  a  feature  of  these 
works,  and  last  year  witnessed  the  opening 
of  the  first  railway  in  Japan.  It  is  men- 
tioned appropriately  to  this,  that  the  cost  of 
railway  construction  in  Japan  should  be 
cheap,  as  money  is  easily  procurable,  mate- 
rial is  plentiful  and  readily  obtainable,  and 
labor  cheap.  Preliminary  outlay,  such  as 
parliamentary  expenses,  should  be  almost 
nii,  and  sums  given  as  compensation  are 
not  likely  to  amount  to  much.  The  intro- 
duction of  gas  into  Yokohama  during  the 
.past  year  also  deserves  notice.  The  com- 
pany is  a  native  one,  but  the  machinery  and 
various  materials  were  purchased  in  Eng- 
land. The  gasworks  are  capable  of  pro- 
ducing 1,500  cubic  metres  of  gas  in  twenty- 
four  hours,  feeding  2,500  burners.  The 
consumption  of  coal  is  about  200  tons  a 
month.  The  first  section  of  the  trunk  rail- 
way intended  to  connect  Yedo  and  Yokoha- 
ma with  Kioto,  Osaka,  and  Hiogo,  has  been 


opened,  and  already  attracts  more  traffic 
than  can  conveniently  be  carried  on  a  single 
line  of  rail.  Telegraphic  wires  have  been 
stretched  from  Yedo  to  Nagasaki ;  but  the 
line  which  is  830  miles  long,  is  not  yet  pro- 
nounced in  working  order. 

From  another  Japanese  port  (Hakodade), 
we  learn  that  the  local  government  has  done 
a  great  deal  of  late  towards  improving  the 
streets  of  the  town.  A  destructive  fire  lately 
occurred  there,  and  advantage  was  taken  of 
this  to  straighten  and  widen  the  streets  in 
that  district,  which  in  some  quarters  are 
now  lighted  with  oil-lamps.  A  new  style  of 
building,  similar  to  the  European,  has  also 
been  adopted  in  the  construction  of  houses 
for  the  Government  officials,  and  for  a  new 
custom-house.  A  new  road  has  been  con- 
structed from  Hakodade  towards  Sappara, 
extending  over  ninety  miles.  This  road  has 
been  much  wanted.  A  few  miles  from  the 
port  the  site  for  the  erection  of  an  agricul- 
tural college  has  been  prepared. 


THE  FUTURE  OF  THE  IRON  TRADE. 


From  "  Iron." 


Absolute  sovereignty  in  the  iron  markets 
of  the  world  has  been  so  long  enjoyed  by 
England,  that  her  awakening  from  a  dream 
of  fancied  security  has  proved  as  sudden  as 
it  is  unwelcome.  Time,  space,  and  fiscal 
barriers  had  been  overcome.  Ear  from 
dreading  the  competition  of  American  pro- 
ducers, English  ironmasters  had  solved  the 
problem  of  underselling  them  on  their  own  | 
ground  so  long  as  the  protection  afforded 
by  distance,  and  heavy  duties,  was  neutral- 
ized by  the  high  price  of  labor.  From 
2,(133,137  tons,  in  1868,  the  total  export  of  j 
English  iron  steadily  increased  to  2,680,723 
tons  in  1869,  and  2,825,575  tons  in  1870. 
In  1871  the  export  trade  again  increased 
to  3,169,219  tons,  and,  in  1872,  culminated 
in  a  return  of  3,388,622  tons.  Up  to  the 
early  part  of  1872  the  Americans  were,  be- 
yond doubt,  our  best  customers.  The  im- 
mense development  of  the  American  rail- 
way system,  and  the  wholesale  introduction 
of  iron  into  construction  of  every  kind,  con- 
tributed to  nourish  a  growing  demand,  and 
had  we  been  able  to  supply  iron  at  the 
prices  of  eighteen  months  ago,  England 
would  still  have  reigned  supreme  in  the 
markets  of  America.  But  the  influences 
which  had  long   been  in  operation  on  the 


other  side  of  the  Atlantic  began  to  make 
themselves  felt  here,  and  the  effect  of  the 
enhanced  prices  of  labor  and  fuel,  and  con- 
sequently of  iron,  has  been  not  only  to  de- 
prive the  English  ironmaster  of  his  pre- 
eminence in  the  American  market,  but  to 
call  into  existence  a  competitor  in  markets 
that  we  had  hitherto  safely  counted  upon 
as  our  own.  The  tremendous  rise  in  the 
price  of  fuel  during  the  present  year  has 
produced  disastrous  effects  upon  our  Am- 
erican trade.  In  the  first  six  months  of 
1872  the  United  States  took  444,000  tons 
of  iron  of  various  kinds,  while  in  the  first 
half  of  1873  only  228,000  tons  were  taken. 
It  is  true  that  the  difference  in  bulk  was 
in  some  degree  compensated  by  an  increase 
in  value,  and  that  a  falling  off  oi  216,000  tons 
only  represented  a  decrease  in  value  of 
£1,093,000,  but  other  .circumstances  are 
calculated  to  deprive  us  of  the  comforting 
reflection  that  we  have  been  well  paid  for 
what  we  have  sold.  As  we  have  frequently 
pointed  out,  there  is  a  certain  point  in  the 
price  of  English  iron  at  which  competition 
with  the  American  manufacturer  becomes 
impossible.  Until  the  recent  reduction  of 
£2  per  ton  in  finished  iron,  this  point  had 
been  far  exceeded,  and  the  diminution  in 
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our  trade  had  made  itself  severely  felt* 
Even  now  our  prices  are  too  high.  Penn- 
sylvania bars  can  be  sold  for  about  £12 
per  ton  in  New  York,  a  price  which  defies 
competition  at  our  present  prices,  and 
threatens  to  exclude  us  from  that  market 
altogether,  while  the  American  manufactur- 
ers, with  characteristic  energy,  are  pushing 
their  advantage  in  the  South  American, 
West  Indian,  and  Canadian  markets.  So 
soon  as  their  advantage  presented  itself, 
the  ironmasters  of  the  United  States  seized 
upon  it  and  enormously  increased  the  pro- 
duction of  pig  and  finished  iron  with  the 
effect  of  reducing  the  mills  of  South  Staf- 
fordshire to  half  time,  and  inducing  the 
entire  cessation  of  work  by  some  large 
companies  in  the  north  of  England. 

The  reference  of  these  disastrous  con- 
sequences in  athe  first  place  to  the  high 
price  of  fuel,  and  in  the  second  to  the  high 
price  of  labor  induced  by  strikes,  is  a 
short  and  easy  method  which  only  removes^ 
the  difficulty  a  step  further  without  solving 
it.  Our  great  daily  contemporary,  the 
"  Times,"  is  apparently  inclined  to  ascribe 
the  difficulties  of  the  situation  almost  en- 
tirely to  the  action  of  Trades  Unions  and 
the  selfish  policy  of  working  men,  who  re- 
fuse to  see  anything  but  their  own  imme- 
diate or  imaginary  interest.  We  are  told 
that,  "  higher  wages  and  less  work  must, 
if  continued,  produce  their  natural  conse- 
quences. We  cannot  idle  and  sleep,  and 
waste  money,  and  compete  with  other  na- 
tions which  are  thrifty  and  active  and  in- 
telligent." All  this  is  undoublelly  true, 
but  in  common  justice  we  muet  admit  that 
coal  is  not  the  only  article  which  has  risen 
in  price.  Two  of  the  most  important  nec- 
essaries of  life  have  risen  in  almost  equal 
proportion.  Meat  and  potatoes,  as  every 
householder  knows  to  his  cost,  are  no  longer 
to  be  purchased  at  the  nominal  rates  of 
former  days.  The  amount  absorbed  in  the 
brute  necessaries  of  existence  exceeds  by 
50  per  cent,  that  required  a  dozen  years 
ago,  and  it  is,  therefore,  only  reasonable 
that  wages  should  keep  some  kind  of  puce 
with  the  pri.e  of  food.  Adding  to  this  the 
important  truth  that  strikes  and  advances 
in  wages  have  followed,  instead  of  preced- 
ing, advances  in  the  price  of  fuel,  we  arrive 
at  the  conclusion  that  some  deeper  causes 
than  the  barbarous  expedient  of  strikes 
have  contributed  to  the  enhancement  of  the 
price  of  iron.  Any  attempt  to  elucidate  the 
causes  of  this  unwelcome  phenomenon 
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must  be  male  on  the  somewhat  circular 
theory,  that  iron  and  coal  act  and  react  on 
each  other.  It  is  incontestable  that  the 
output  of  coal  has  more  than  kept  pace 
with  the  increasing  requirements  of  iron, 
yet  it  is  not  impossible  that  the  sudden  re- 
quirements of  an  increased  iron  trade  first 
started  the  ball  which  has  been  flung  back- 
wards and  forwards  from  coal  to  iron  and 
from  iron  to  coal — attainiug  at  each  cast  a 
higher  flight.  Figures  are  often  deceptive, 
and  the  gradual  increase  in  the  production 
of  pig  iron  at  first  sight  fails  to  supply  any 
reason  for  the  enormously  increased  price 
of  coal.  In  1869  the  total  quantity  of  pig 
iron  produced  in  Great  Britain  amounted 
to  5,445,757  tons,  and  in  1870  to  5,968,515 
tons.  Between  1870  and  1871  a  greater 
increase  took  place,  the  output  of  pig  iron 
amounting  to  6,6*27,179  tons,  supplemented 
by  an  advance  in  1872  to  6,7*23,387  tons. 
A  graduated  increase  like  this  fails  to  ac- 
count for  the  sudden  increase  in  the  price 
of  fuel  between  1871  and  187*2,  followed  by 
a  leap  in  the  price  of  pig  iron  from 
£4  6s.  7d.  to  £6  12s.  in  Wales,  from 
£3  2s.  2d.  to  £5  10s.  in  Scotland,  and  from 
£2  15s.  8d  to  £5  4s.  6d.  in  Cleveland. 
The  sudden  development  of  iron  manufac- 
ture in  Cleveland  is  by  many  high  authori- 
ties held  responsible  for  the  heavy  draught 
upon  the  fuel  market;  but,  after  all.  the 
great  development  of  the  iron  industry  of 
England,  and  its  consequent  claim  upon 
coal,  are  mainly  referrible  to  the  enormous 
foreign  demand  for  iron  immediately  on 
the  conclusion  of  the  last  war.  At  the 
prices  then  prevailing,  England  was  the 
cheapest  market  for  iron,  and  orders  poured 
in  for  home  and  foreign  consumption. 
Could  the  demand  for  fuel  have  been  dis- 
tributed over  the  whole  country  in  equal 
proportions,  it  might  possibly  have  been 
met  without  producing  a  sudden  and  enor- 
mous rise,  but  one  of  the  conditions  of 
profitable  iron-making  is  the  propinquity 
of  an  important  coal  field.  Thus  the 
first  effect  of  the  great  demand  for  Mid- 
dlesbrouga  iron  was  felt  in  the  Durham 
coal  fields  in  a  proportion  above  the  average 
draught  throughout  the  country.  In  1870, 
the  Durham  coal  fields  produced  16,075,- 
000  tons,  and  the  consumption  for  iron  was 
41.1  per  cent,  against  an  average  percent- 
age of  the  produce  of  the  whole  country  of 
31.01  percent,  employed  in  iron  manufac- 
ture, lu  1871  Durham  raised  18,000,000 
tons,  of  which  iron    took  41.8   per   cent., 
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while  in  1872,  the  Durham  output  fell  to 
17,395,000  tons,  and  iron  exacted  47.2  per 
cent,  of  this  diminished  product-  So  great 
was  the  demand  at  this  period,  that  coal 
was  actually  imported  into  Middlesbrough 
from  South  Wales.  In  particular  cases  the 
percentage  rose  even  higher,  as  in  some  of 
the  collieries  worked  by  Messrs.  Joseph 
Pease  &  Co.,  iron  took  58.8  per  cent,  in 
1870,  60.6  per  cent,  in  1871,  and  in  1872, 
no  less  than  65.2  per  cent.  It  is  to  these 
local  and  exceptional  phenomena  that  the 
memorable  game  at  battledoor  and  shut- 
tlecock, by  which  the  iron  trade  of  the 
country  has  so  severely  suffered  during  the 
past  few  months,  owes  its  existence.  Coal 
was  certainly  not  the  first  article  affected, 
and  iron-makers  enjoyed  a  brilliant  period 
o*  prosperity  before  the  price  of  fuel  over- 
took them. 

In  September,  1871,  pig  iron  was  sell- 
ing at  Middlesbrough  for  50s.  per  ton, 
with  coke  at  from  10s.  to  12s.,  wnen 
iron  rose  gradually  towards  the  end  of  the 
year  to  64s.,  but — we  quote  Mr.  I.  Lowth- 
ian  Bell — "  coke  was  not  affected  up  to  that 
time."  In  January,  1872,  however,  pig 
iron  rose  from  64s.  to  70s.  6d.,  and  coke 
went  up  to  20s.  In  March  forge  pig  rose 
to  84s.,  and  coke  to  25s.  In  April  pig 
iron  rose  to  94s.  and  coke  rose  to  32s.  6d., 
the  fuel  now  evidently  gaining  ground. 
Again,  in  July,  forge  pig  rose  to  110s.,  and 
coke  rose  to  37s.  6d.  and  41s.  In  July, 
1872,  therefore,  while  pig  iron  had  under- 
gone an  increase  of  120  per  cent,  upon  the 
prices  of  September,  1871,  coke  had  risen 
about  350  per  cent..  Without  overlooking 
the  strike  in  South  Wales  in  1871,  it  is  as 
impossible,  with  these  dates  and  figures 
before  us,  to  assume  that  this  extraordinary 
rise  was  due  wholly  and  solely  to  agitation 
among  the  workmen,  as  it  would  be  uncan- 
did  to  deny  the  alacrity  displayed  by  the 
working  class  in  insisting  on  a  participation 
in  the  general  prosperity.  But  one  important 
element  in  the  great  rise  must  not  be  ig- 
nored. At  the  period  of  sudden  demand 
there  was  but  little  stock  of  coal  in  the 
country.  For  the  preceding  ten  years  the 
production  of  coal  had  been  so  little  remu- 
nerative as  to  deter  owners  from  laying 
down  heavy  stocks  and  incurring  the  seri- 
ous loss  entailed  by  deterioration.  Three 
months  sufficed  to  exhaust  the  stocks  of 
coal  and  coke,  and  since  January,  1871,  the 
supply  had  been  merely  from  hand  to 
mouth.       Coal-owners    were    surprised    to 


find  themselves  at  last  making  large  pro- 
fits, the  men  demanded  and  obtained  their 
share,  and  the  final  result  has  been  the  in- 
flation of  fuel  to  an  extent  that  has  para- 
lyzed the  particular  industry  the  exception- 
al conditions  of  which  first  called  high 
prices  into  existence. 

The  truth  of  the  dictum  of  the  "  Times," 
that  "  trade  is  a  delicate  thing,  and  very 
easily  disarranged,"  is  proved  by  the  pres- 
ent state  of  the  iron  trade.  A  slight  re- 
duction in  price — confessedly  insufficient  to 
place  England  in  the  favorable  position 
once  enjoyed  by  her — has  yet  proved  itself 
equal  to  the  production  of  an  almost  un- 
hoped-for reaction.  But  it  would  be  vain 
to  expect  the  re-establishment  of  .the  Eng- 
lish iron  trade  on  its  former  secure  basis 
until  the  price  of  fuel  permits  a  correspond- 
ing reduction  in  the  price  of  the  metal, 
which,  of  all  others,  demands  its  profuse 
employment.  In  the  present  aspect  of  af- 
fairs it  would  be  almost  childish  to  hope 
that  coal  will  ever  again  sink  to  a  rate 
which  paid  workmen  badly  and  masters 
not  at  all ;  but  it  is  satisfactory  to  observe 
that  the  ordinary  laws  of  demand  and  sup- 
ply will  assert  their  power  before  long. 
Throughout  the  length  and  breadth  of  the 
country  innumerable  collieries  are  being 
sunk,  and  the  infallible  rule  that  when  a 
particular  business  becomes  exceptionally 
profitable  fresh  capital  and  fresh  competi- 
tion will  be  brought  to  bear  upon  it,  will, 
so  far  as  it  is  possible  to  forecast  events,  be 
vindicated  in  the  present  instance.  Within 
a  couple  of  years,  or  less,  the  number  of 
coal  mines  will  be  enormously  increa.-ed. 
The  question  of  labor  will,  however,  con- 
tinue to  present  a  difficult  aspect ;  and  it 
will  be  of  small  avail  that  new  collieries  be 
opened  if  "  tacit "  arrangements  among 
coal  owners  for  "  regulating,"  and  among 
coal  miners  for  "  restricting  "  output,  con- 
tinue in  force  as  of  old.  Coal  masters,  hav- 
ing reaped  a  rich  harvest,  will  probably  be 
less  difficult  to  deal  with  than  colliers,  who 
will  be  sorely  abashed  when  they  find  the 
glorious  "  champagne  and  perambulator  " 
days  coming  to  an  end.  Both  have  enjoyed 
— and  will  probably  for  a  wThile  lunger 
continue  to  enjoy — a  prosperous  era,  but 
the  same  law  which  brings  competing  cap- 
ital into  the  coal  trade  will  bring  compet- 
ing labor  into  the  market  also.  Few  per- 
sons would  wish  to  see  the  coal  trade  de- 
pressed, but  all  would  rejoice  to  find  the 
just  equilibrium  arrived  at,  which — without 
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rendering    coal-getting     unremunerative — 
should  permit  the  iron  trade  to  exist. 

The  immense  vitality  of  this  latter  in- 
dustry is  amply  evidenced  by  the  events 
of  the  last  fortnight.  A  serious  reduction 
in  the  price  of  iron  failed  to  attract  buyers, 
who  evidently  hung  fire  in  anticipation  of 
a  farther  fall,  but  this  hope  having  proved 
baseless,  orders  are  coming  in  with  mar- 
vellous rapidity.  Germany — by  the  aboli- 
tion of  the  duties  on  pig  iron — cannot  fail 
to  stimulate  the  blast  furnaces  of  England; 
and  America — moved  by  the  tone  of  the 
market — has  once  more  appeared  as  a 
purchaser.  In  the  matter  of  railway  mate- 
riel we  still  appear  to  hold  our  own,  at 
least  in  value,  as  the  exports  of  railway 
iron  for  the  tirst  seven  months  of  1873, 
reaches  the  figure  of  £5,604,841,  against 
£5,344,727  in  the  corresponding  period  of 
1872,  and  £4,510,093  in  the  first  seven 
months  of  1871.     An  enormously  increased 


use  of  Bessemer  steel  is  doubtless  respon- 
sible for  the  prosperity  of  this  particular 
branch.  The  durability  and  comparative 
cheapne-s  of  this  fine  material  appear  to 
have  impressed  themselves  very  thoroughly 
upon  railway  companies  throughout  the 
world,  and  it  is  in  great  measure  owing  to 
the  strong  and  increasing  demand  for  steel 
rails  that  the  present  activity  of  the  iron 
trade  is  due,  while  new  collieries  again  re- 
act upon  the  iron  trade  by  a  strong  demand 
for  heavy  castings. 

Thanks  to  Bessemer  steel  and  the  re- 
duction of  the  German  iron  duties,  Eng- 
lish iron -masters  may  yet  be  enabled  to 
weather  the  storm  and  carry  on  a  steady 
business  until  the  increased  output  and 
reduced  price  of  coal  shall  once  more 
restore  the  iron  trade  to  its  pristine  pros- 
perity, and  reinstate  England  in  her  proud 
position  as  the  undisputed  mistress  of  the 
iron  markets  of  the  world. 


FRENCH  EXPERIMENTS  ON  THE  STRENGTH  OF  STONE,  BRICKS, 

AND  CEMENT. 


From  "The  Architect." 


The  French  authorities  have  set  them- 
selves the  useful  task  of  trying  the  power  of 
resistance  of  each  kind  of  stone  indigenous  to 
the  country,  and  tabulating  the  results  in 
such  a  manner  that  every  constructor  may 
have  a  sure  rule  to  guide  him  in  the  selec- 
tion and  application  of  his  materials.  This 
task  is  not  yet  completed,  but  the  results 
already  obtained  are  published,  and  cannot 
fail  to  be  acceptable  to  every  practical  man 
as  a  contribution  to  the  knowledge  of  the 
strength  of  materiale. 

French  building  stones  include  limestone, 
which  exists  nearly  all  over  the  country, 
and  is  exported  to  a  considerable  extent ; 
sandstone,  found  principally  in  the  eastern 
provinces  ;  granite,  produced  in  Brittany 
and  the  centre  of  France  ;  and  trachytes 
and  lava,  confined  to  Auvergne. 

CALCAKEOUS    STONES. 

Limestone,  which  is  the  most  plentiful, 
is  also  the  most  variable,  as  regards  nature 
and  quality,  weight  and  resistance.  A 
table  has  been  drawn  up  showing  these 
differences  in  the  case  of  more  than  a 
thousand  varieties,  collected  in  all  parts 
of  i1  ranee  (the  basin  of  Faris  excepted, 
the  stone  found   there  exhibiting   peculiar 


characteristics),  arranged  in  the  order  of 
their  power  of  resistance  to  crushing  force, 
and  from  which  the  following  general  con- 
clusions are  drawn: 

The  weight  of  the  calcareous  stones  em- 
ployed as  hewn  stone  varies  from  1,400  to 
2,800  kilogrammes  the  cubic  metre,  and 
their  power  of  resistance  from  20  to  1,200 
kilogrammes  per  cubic  centimetre,  the  kilo- 
gramme being  equal  to  2.204  lbs.  avoirdu- 
pois, the  metre  to  3.280  feet,  and  the  centi- 
metre to  .3937  lineal  inches. 

The  harder  kinds,  which  are  cut  with 
sand  and  water,  weigh,  with  few  excep- 
tions, from  2,200  to  2,800  kilogrammes, 
and  support  a  pressure  of  220  to  1,200 
kilogrammes;  the  softer  kinds,  which  are 
cut  with  a  toothed  saw,  weigh  from  1,400 
to  2,200  kilogrammes,  and  bear  pressure  to 
the  extent  of  20  to  200  kilogrammes. 

Hard  limestone  is  divided  into  two  dis- 
tinct classes— those  which  will  take  polish, 
and  those  which  will  not;  the  former 
(pierres  marb-res,  as  they  are  called)  have  a 
metrical  weight  varying  from  2,600  to  2,800 
kilogrammes,  and  some  few  examples  are 
even  heavier.  The  most  resisting  are  those 
which  have  an  imperceptible  or  finely  crys- 
talline grain,  like  the  marbles  of  Belgium 
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and  the  North  of  France,  the  choins  of  the 
Ain  and  of  Savoy,  and  the  "  cold  stone  "  of 
Provence ;  these  rarely  weigh  less  than 
2,7 00,  and  sustain  often  more  than  900  kil- 
ogrammes. In  the  second  rank  come  cer- 
tain compact  calcareous  or  suboolitic  stones 
of  Burgundy,  Franche-Comte  and  some  la- 
custrine varieties,  such  as  those  of  Chateau- 
Land  on  and  Gannat,  of  which  the  resistance 
varies  from  700  to  900  kilogrammes,  and 
the  weight  from  2,600  to  2,700. 

The  marbles,  properly  so  called,  used  for 
decoration  and  statuary,  offer  the  smallest 
resistance  for  the  greatest  weight:  thus  the 
white  saccharoide  marble  of  Saint-Beat, 
which  weighs  2,741,  has  only  a  resisting 
power  of  552  kilogrammes. 

The  hard  limestones,  not  susceptible  of 
polish,  have  a  resisting  power  of  200  to  800, 
and  weigh  2,200  to  2,600  kilogrammes.  In 
a  first  category,  with  2,400  to  2,600  kilo- 
grammes weight,  and  600  to  800  kilo- 
grammes resistance,  are  placed  the  true 
lias,  very  homogeneous  and  finely  grained, 
fit  for  pavement  such  as  those  of  Lezinnes, 
Maninghen,  and  Chandolin,  and  the  sub- 
cnmpact  varieties,  some  of  which,  like  the 
line  white  stone  of  Echaillon,  near  Greno- 
ble, the  lacustrine  limestone  of  Yendome, 
and  the  hard  oolite  of  Saint-Diziers,  near 
Belfort,  susceptible  of  receiving  a  half  pol- 
ish, form  the  link  between  stone  and  mar- 
ble. 

The  hard  sfones  with  a  less  compact 
grain,  which  are  employed  for  foundations 
in  buildings  of  minor  importance,  form  a 
second  class,  with  a  resistance  of  360  to 
600,  and  a  weight  of  2,000  to  2,500  kilo- 
grammes ;  of  these  are  the  grey  rock  of 
Burgundy,  the  hardest  banks  of  Lorraine, 
of  Pitou,  and  the  Bordelais,  and  the  greater 
part  of  the  lacustrine  limestones  of  the 
Beauce.  In  a  third  series  are  placed  the 
varieties  of  less  hard  stone,  which  in  public 
buildings  are  placed  above  the  basement, 
and  known  as  bancs  franc*  in  the  Paris 
basin.  They  carry  220  to  350,  and  weigh 
generally  between  2,200  and  2,300  kilo- 
grammes; such  are  the  bancs  ordinaire  of 
Euirlle  and  Lerouville  in  the  Meuse  of  Raire- 
res,  Yonne,  and  Chauvigny,  Vreune,  and 
the  harder  of  the  molasses  of  the  south. 

The  soft  calcareous  stones,  as  already 
stated,  will  support  20  to  200,  and  weigh 
1,400  to  2,200  kilogrammes.  They  are 
divided  into  "  half  hard,"  which  are  cut 
with  some  advantage  by  means  of  the 
ordinary  stone  saw  and  sand,  and  are  em- 


ployed in  elevations  to  the  first  floor,  and 
into  "soft  stones"  which  are  always  cut 
with  a  toothed  saw,  and  are  only  used  for 
the  walls  of  upper  stories.  The  former? 
which,  when  their  gn\m  is  fine,  are  called 
bancs  royals,  carry  100  to  220,  and  weigh 
1,800  to  2,200  kilogrammes  ;  the  best  known 
examples  are  the  bancs  royals  of  Tonnerre, 
Savonnieres-en-Perthois,  of  Allemagne  near 
Caen,  and  of  the  Lourdines  near  Poitiers, 
which  are  sent  to  and  beyond  Paris.  The 
soft  stones  proper  will  support  only  20  to 
100,  and  weigh  from  1,400  to  1,800  kilo- 
grammes; these  are  not  so  generally  dif- 
fused through  the  country  as  the  harder 
kinds,  but  they  are  largely  worked,  and 
include  many  distinct  varieties.  In  the 
north  the  quarries  of  the  Oise  and  the  Aisne, 
opened  in  the  eocene  coarse  limestone  pro- 
duce the  vergelee,  of  which  we  shall  have  to 
speak  presently.  In  the  we.st  is  produced 
the  craie-tuffeau  of  Tourame  and  the  neigh- 
boring departments,  of  which  the  weight  is, 
relatively,  very  low — generally  between 
1,250  and  1,400  kilogrammes,  ^ind  having 
a  resisting  power  of  30  to  80  kilogrammes  ; 
and  beyond  these  the  bancs,  also  chalky 
but  wanting  in  tenacity,  of  the  Charente, 
known  as  pier  res  d'Angouleme,  which  is 
sent  to  Bordeaux  and  to  Spain,  whose 
weight  varies  from  1.800  to  2,000  kilo- 
grammes, and  resistance  from  65  to  110 
kilogrammes.  In  the  south-west  are  the 
coarse  calcareous  stones  of  the  Gironde  and 
the  Lordogne,  whose  power  of  resistance 
falls  below  20  kilogrammes ;  while  their 
weight  is  above  1,400  kilogrammes  and  of 
which  the  best  banks  mny  be  regarded  as 
hard  stone. 

Finally,  in  the  south-west,  the  molasses 
of  the  basin  of  the  Phone,  of  which 
the  closest  examples  figure  at  the  head 
of  half-hard  stones,  while  those  in  the 
greatest  ut>e,  such  as  those  of  Saint- Just 
and  Saint-Eestitut,  near  Saint-Paul-Trois- 
Chateaux  are  comprised  within  the  re- 
strained limits  of  60  to  90  kilogrammes  of 
resistance,  and  1,600  to  1,800  kilogrammes 
of  weight. 

To  indicate  more  precisely  the  relations 
which  exist  between  the  nature,  the  weight, 
and  the  resistance  of  calcareous  stones,  and 
to  arrive  at  a  complete  resolution  of  the 
general  problem  in  question,  it  will  be 
necessary  to  introduce  into  the  classes  above 
indicated  new  subdivisions  founded  par- 
ticularly on  the  exact  geological  deter- 
mination   of  the    beds   explored ;    but    the 
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present  rough  attempts  at  classification  has 
a  really  practical  interest. 

LIMESTONES  OF  THE  PARIS  BASIN". 

The  experiments  on  the  calcareous  stones 
are  completed  by  a  brief  account  of  the 
results  obtained  with  those  of  the  basin  of 
Paris,  which  are  almost  entirely  derived 
from  the  coarse  eocene  calcareous  strata. 
The  hard  banks  of  this  formation,  which 
belong  principally  to  the  upper  portion,  are 
found  always  regularly  stratified  in  beds 
varying  from  fifteen  centimetres  to  1  m.  20 
c.  in  thickness,  bnt  the  consistence  of  the 
stone  varies  to  such  an  extent  that  even  in 
a  single  block  which  seems  to  be  homo- 
geneous, the  resistance  often  varies  from  one 
to  three  in  amount.  Here  then  arises  a 
serious  difficulty  with  respect  to  these 
productions  of  the  Paris  basin,  for  while 
the  difficulty  of  working  and  sawing  must 
be  calculated  after  the  most  compact  parts 
of  the  stone,  the  resistance  can  only  be 
taken  from  the  softer  portions,  just,  as  a 
chain  is  no  stronger  anywhere  than  its 
weakest  link.  This  serious  difficulty  causes 
the  homogeneous  rocks  of  the  Jura,  Bur- 
gundy, and  Lorraine,  to  be  used  for  the 
foundations  of  large  edifices,  bridges,  and 
other  important  works  in  Paris. 

Only  one  marble  is  in  use  from  the  Paris 
basin  :  this  is  the  lacustrine  calcareous  pro- 
duct on  of  Souppes  and  Chateau-Laudon, 
whose  resistance  is  represented  by  600  to 
900  kilogrammes,  and  its  weight  by  2,400 
to  2,500  kilogrammes.  The  hard  lias  of 
which  those  of  Bagneux  and  Senlis  are  the 
types,  are  now  very  rare  in  the  environs  of 
Paris ;  those  of  Courville,  Marne,  and  of 
Vendresse  and  Violaine,  Aisne,  alone  need 
be  cited.  They  weigh  from  2,300  to  2,400 
kilogrammes,  and  their  power  of  resistance 
varies  between  400  and  500  kilogrammes. 
The  less  hard  lias  of  the  Carrieres,  Saint 
Denis  and  Jerusalem,  Seine  and  Oise,  the 
fine  stones  of  Isle-Adam  and  Senlis  have 
about  the  same  weight,  but  a  resistance  of 
only  300  to  600  kilogrammes. 

The  hard  rock,  the  working  of  which 
costs  in  Paris  from  8  to  10  francs  the 
superficial  metre,  is  also  becoming  rare. 
The  best  is  that  of  Saint  Nom,  near  Ver- 
siilles,  of  Laversine,  of  Viller>-la-Fosse, 
near  Soissons ;  of  Bonneuil,  and  of  Saint 
Pierre-A.igle,  near  Villers-Cotterets.  Their 
weight  is  between  2,200  and  2,400  kilo- 
grammes, and  their  resistance  varies  from 
300  to  500. 


The  ordinary  rock  and  the  hard  rock,  or 
bancs  francs,  the  working  of  which  costs  6 
francs,  are  exhausted  in  the  plain  south  of 
Paris,  but  are  found  at  Parny,  Hameret,  to 
the  north  of  Soissons,  at  Saint-Leu  and 
Saint-Maximin,  near  Creil,  and  at  Ferse- 
Milon ;  their  weight  varies  from  2,000  to 
2,300  kilogrammes,  and  their  resistance 
from  150  to  400.  To  these  may  be  added 
the  celebrated  and  always  abundant  stone 
of  Saillancourt,  which  weighs  1,900  to 
2,200  kilogrammes,  and  sustains  a  pressure 
of  100  to  550. 

It  will  be  seen  from  the  above  figures 
that  the  hard  stone  of  the  co  irse  calcareous 
beds  of  the  basin  of  Paris  cannot  with 
safety  be  submitted  to  heavy  loads. 

The  half-hard  stones,  costing  4  francs 
the  metre  for  working,  are  known  under 
the  designation  of  soft  rock,  francs  bancs, 
and  hard  royal ;  they  are  obtained  also  in 
the  plains  to  the  south  of  Paris,  in  the 
valley  of  theOurcq,  at  Saint-Maximin,  Buty 
and  Mery,  on  the  Oise :  their  weights  vary 
from  1,800  to  2,000  kilogrammes,  and  their 
resistance  between  100  and  200. 

The  soft  stones  of  the  Paris  basin  are  far 
more  homogeneous  than  the  hard,  and  re- 
semble in  this  respect  the  stone  of  the  other 
parts  of  France.  They  are  divided  accord- 
ing to  their  texture,  into  vergeles,  lain, 
bourdes,  pierres  grasses,  or  Saint- Leu- 
pierres-fines,  and  pierres-douces.  The  finest 
and  closest,  which  are  known  as  bancs  roy- 
als tendres,  and  cost  for  working  2  francs 
75  centimes  the  metre,  weigh  1,600  to 
1,800  kilogrammes,  and  will  support  from 
70  to  120  kilogrammes  ;  they  are  mostly 
obtained  at  Coofians,  Sainte-Honorine, 
Marly-la- Ville,  et  Mery  Seine  and  Oise, 
Saint-Maximin  and  Saint-Vaastles  Hello, 
Oise,  Crorey,  Autresches  and  La  Ferte-Mi- 
lon,  Aisne. 

Soft  stone,  properly  so  called,  costing  2 
francs  per  metre  for  working,  weighs  gen- 
erally from  1,400  to  1,700  kilogrammes, 
and  will  bear  from  40  to  90.  The  best  of 
the  soft  stones  are  the  vergele<,  much  used 
in  Paris,  and  exported  to  Belgium  and 
Germany;  they  are  produced  principally  in 
the  same  places  as  the  bancs  royals,  cited 
above. 

It  must  be  remarked  that,  as  regards  the 
Paris  basin  in  particular,  not  only  is  the 
quality  of  the  stone  very  different  in  differ- 
ent banks,  but  the  consistency  will  often 
vary  in  the  same  bank  within  the  limits  of 
a  quarry;  experiments  with  these  stones 
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therefore  require  to  be  made  carefully  and 
frequently. 

SANDSTONES. 

Experiments  have  been  made  with  120 
samples  of  sandstone  belonging  to  nearly 
all  geological  strata ;  two-thirds,  however, 
were  of  the  vo>yiens  and  bigarres  of  the 
eastern  region  of  France,  the  only  part  of 
the  country  in  which  such  stone  enters 
largely  into  construction.  The  sandstone 
deposits,  in  fact,  supply  much  less  building 
stone  than  the  calcareous  strata,  and  pre- 
sent less  numerous  varieties ;  these  varie- 
ties, founded  partly  in  the  coarseness  of  the 
stone,  and  partly  in  the  nature  of  the  sili- 
cious,  calcareous  or  argillaceous  cement 
which  unites  them,  do  not  represent  great 
differences  with  respect  to  weight  and  re- 
sistance, which  arise  principally  from  the 
greater  or  less  quantity  of  the  cement  itself, 
or,  in  other  words,  on  the  porosity  of  the 
stone.  It  is  only  necessary  to  divide  these 
stones  into  two  grand  classes — the  hard,  of 
which  the  weight  varies  from  2,100  to  2,500 
kilogrammes,  with  resistance  of  350  to  780, 
and  the  half  hard  and  soft,  which  weighs 
1,900  to  2,000  kilogrammes,  and  support  80 
to  300.  A  very  simple  test  shows  the 
amount  of  porosity  of  sandstone  ;  it  consists 
in  merely  letting  fall  a  few  drops  of  water 
on  a  fresh  fracture  of  the  stone,  if  it  be  soft 
the  water  will  be  absorbed  instantly,  if  hard 
the  water  will  take  at  least  a  minute  to  dis- 
appear. 

GRANITES. 

Ninety  specimens  of  granitic  stone,  prin- 
cipally obtained  from  the  two  great  granitic 
regions  of  Brittany  and  the  adjoining  de- 
partments, and  the  central  plateau  of 
France,  are  reported  upon,  and  those  repre- 
sent all  the  varieties  of  this  kind  of  material 
u-ed  in  public  works. 

The  weight  of  granitic  stone  is  comprised 
within  the  restricted  limits  of  2,600  to  2,800 
kilogrammes  per  cubic  metre,  but  this  fur- 
nishes no  indication  whatever  of  the  resist- 
ance to  crushing  power.  This  resistance 
seems  equally  independent  of  the  nature 
and  proportion  of  the  crystalline  elements 
of  the  rock,  whether  granite  properly  so 
called,  syenite,  or  protogene.  The  appa- 
rent characteristics  which  allow  of  these 
materials  being  classified  according  to  their 
value  in  construction  and  decoration  are, 
first,  their  state  <>f  preservation,  and  second- 
ly, the  size  of  the  crystals  of  feldspar  and 


quartz.  Two  grand  divisions  are  at  once 
established,  viz.,  hard  granite,  which  is 
difficult  to  work,  and  always  susceptible  of 
polish,  to  which  the  name  of  granite-mar- 
ble may  conveniently  be  given,  and  granite 
which  has  undergone  a  change,  which  will 
not  polish  but  work  more  easily,  which 
may  be  called  granite-stone. 

The  former,  granite  marbles,  the  only 
kind  employed  in  important  works  and  for 
decoration,  form  two  distinct  classes ;  one 
comprising  the  fine  grained  granite  or 
leptinples,  and  the  common  granites,  with 
middle-sized  and  regular  grains,  such  as 
those  of  Blavet,  in  Morbihan,  Tire,  Calvados, 
Lavan,  Loire-lnferieure,  and  the  protegne 
of  Epierre  in  Savoy  ;  the  crushing  resist- 
ance of  these  materials  varies  between 
1,000  to  1,500  kilogrammes.  The  second 
class  comprises  those  with  coarse  grains, 
such  as  the  porphyritic  granites  of  the 
environs  of  Cherbourg  and  Brest,  and  the 
syenites  of  the  Yosges,  whose  resistance 
varies  between  700  and  1,000  kilogrammes. 

The  granite-stones  are  also  divided  into 
fine  and  coarse  grained  :  the  former,  such 
as  those  of  Durat,  Haute-Yienne,  and  of 
Ussel,  Correze,  will  only  in  general  support 
600  to  800  kilogrammes ;  those  in  which 
decomposition  has  but  just  commenced, 
although  difficult  to  polish,  will  support  as 
much  as  900  kilogrammes.  The  large 
grained  granites,  in  which  the  feldspar  is 
partly  decomposed,  as  at  Llagonne  in  the 
Pyrenees,  and  at  Pensol,  Haute-Yienne, 
will  only  bear  400  to  600  kilogrammes  per 
cubic  centimetre. 

OTHEE  VOECANIC  EOCKS. 

The  number  of  specimens  of  vol- 
canic rock  which  have  been  experimented 
on  is  too  small  to  class  them  otherwise  than 
as  trachytes,  lavas  and  breccias.  It  must 
be  remarked  that,  in  these  stones,  there  is 
an  evident  relation  between  their  weight 
and  power  of  resistance.  The  trachytes  of 
Cantal  and  of  the  Haute-Loire  weigh  2,180 
to  2,600  kilogrammes,  and  support  360  to 
900  kilogrammes ;  while  the  lavas,  such  as 
those  of  Yolvie,  Puy-de-Dome,  and  of  Agde 
in  the  Herault,  weigh  2,000  to  2,180  kilo- 
grammes, and  support  300  to  500  kilo- 
grammes. 

Experiments  have  also  been  made  on 
some  other  stones  of  less  value  in  con- 
struction, but  presenting  exceptional  results, 
such  as  the  basalt  of  Esselle,  Puy-de-Dome, 
which   supports   a  crushing  force  of  1,879 
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kilogrammes,  the  schist  slate  of  Yillepail, 
Mayenne,  used  for  pavement,  which  sup- 
ports 1,400  kilogrammes,  the  jasper- 
brecbe  of  St.  Gervais  in  Savoy,  support- 
ing 1,839  kilogrammes,  and  the ,  green 
porphyry  of  Ternuay,  in  the  Vosges,  whieh 
will  bear  1,363  kilogrammes ;  these  two 
were  employed  at  the  new  Opera  House, 
Paris,  the  former  for  capitals,  and  the 
latter  for  shafts  of  columns. 

CEMENTS. 

A  considerable  number  of  experiments 
have  been  made  with  cements  and  mortars, 
but  particularly  with  slow-setting  cements 
such  as  "  Portland,"  now  largely  used  in 
port  and  river  work.  Trials  have  been 
made  monthly  for  several  years  with  dif- 
ferent series  of  samples  of  pure  cement  and 
of  mortars  made  with  one  part  cement  and 
two  parts  sand.  The  results  are  given  in 
the  following  table. 


Pure  Cement. 

Mortar. 

Age. 

-2  C 

a  2 
3-3 

g.| 

1« 

"i/j    =3 

OfS 

H  S 

al 

r-i  qj 

ft 

w# 

M 

Kilotfs. 

Kilogs. 

Kilogs. 

Kilo^s. 

1  month    

152 

18 

36 

10 

2  months 

189 

25 

48 

13 

4         "      

209 

32 

53 

15 

6         "      

236 

29 

77 

17 

8         "      

248 

32 

114 

18 

1  year 

253 

32 

133 

19 

251 

28 

128 

20 

It  is  concluded  from  these  experiments 
that  the  resistance  of  Portland  cements, 
immersed  in  the  sea,  increases  rapidly 
during  the  first  six  months,  much  less 
during  the  second  six  months,  and  that 
afterwards,  for  two  or  three  years,  it  re- 


mains stationary,  if  it  does  not  tend  to 
diminish ;  and  this  applies  even  to  the 
very  best  made  cement,  like  that  of 
Boulogne,  the  quality  of  which  is  declared 
to  be  quite  equal  to  the  best  English 
Portland.  These  results,  if  well  founded, 
are  of  a  nature  to  shake  the  confidence 
generally  entertained  by  engineers  at 
present  in  the  employment  of  stone-setting 
cements,  for  coast-work. 

It  is  worthy  of  remark,  moreover,  that 
from  the  period  of  complete  hardening  the 
tensile  resistance  is  about  one-eighth  of  the 
crushing  resistance  in  the  case  of  pure 
Portland  cement,  and  one- seventh  in  that 
of  mortar  containing  two  parts  out  of  three 
sand. 

BRICKS. 

Not  many  experiments  have  been  made 
on  bricks,  which,  says  the  report,  are  not 
generally  submitted  to  great  loads  in  con- 
struction, and  the  manufacture  of  which, 
moreover,  is  constantly  improving  both 
with  respect  to  composition  and  burning. 
The  hardest  bricks  tried  were  made  at 
Sarcelles.  They  carried  when  laid  flat  400 
kilogrammes  per  square  centimetre,  weigh- 
ing 1,800  kilogrammes  the  cubic  metre. 
Good  hard  bricks,  such  as  those  of  Bois- 
guillaume,  near  Bouen,  weighed  1,800  to 
1,900  kilogrammes,  and  supported  200  to 
300.  When  well  burnt  the  Paris  bricks 
known  as  Bourgogne,  weigh  1,700,  and 
support  90  to  100  kilogrammes,  and 
common  bricks  weighing  1,500  to  1,600 
kilogrammes,  will  support  from  40  to  60 
kilogrammes.  It  appears  from  experiments 
that  the  tubular  or  hollow  bricks  so  much 
used  in  construction  offer,  for  like  sections, 
a  greater  resisting  power  than  solid  bricks, 
which  is  explained  by  the  fact  that  the 
greater  surface  exposed  allows  them  to  be 
more  perfectly  burnt. 
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The  Committee  on  Explosives  are  about 
to  conduct  an  experiment  to  ascertain  wheth- 
er the  ever-changing  angle  of  spiral  in  some 
"  Woolwich  "  ordnance  has  the  advantages 
which  were  claimed  for  it  when  introduced 
into  the  English  service,  eight  years  ago. 
At  present  hardly  two  natures  of  guns  in 
the  British  service  are  rifled  with  the  same 


angle  of  groove ;  and,  consequently,  even 
where  the  calibres  are  the  same,  the  ammu- 
nition is  not  interchangeable.  Out  of  about 
25  natures  of  guns,  19  have  grooves  of  a 
uniform  angle  throughout  their  length  so 
that  the  rifling  of  the  shot  and  bore  corres- 
pond ;  while  in  6  natures  the  projectiles 
are  rifled  at  a  fixed  angle,  and  the  grooves 
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at  ever-changing  angles,  so  that  the  gun 
and  its  shot  can  only  correspond  at  one 
point  in  the  bore.  To  this  latter  device  an 
important  addition  has  been  recently  made, 
the  shot  being  rifled  at  two  different  angles 
so  that  the  bore  and  shot  may  correspond 
at  two  points  in  the  increasing  spiral,  viz., 
at  the  origin  of  the  grooves  and  again  at  the 
muzzle. 

All  foreign  countries  employ,  for  their 
heavy  ordnance,  the  uniform  spiral  in  the 
gun,  with  lonp;  bearings  on  the  projectile. 
America  and  France  once  tried  the  increas- 
ing spiral,  indeed,  we  ourselves  imported 
tLe  idea  from  France ;  but  both  countries 
have  long  since  abandoned  it  as  an  unme- 
chanical  application  of  force  productive  of 
suicidal  results.  General  Gilmore,  who 
commanded  the  artillery  at  the  siege  of 
Charleston,  attributed  the  blowing  oil'  of 
their  muzzles  by  23  out  of  42  Parrott 
guns  to  the  increasing  resistance  offered 
at  the  muzzle  by  the  changing  angle  of 
groove. 

At  Woolwich,  several  of  the  latest  built 
guns  have  had  uniform  twists  given  them, 
including  the  9-lb.  and  16-lb.  field  guns, 
the  Indian  ordnance,  the  Palliser  conver- 
sions, and  the  rifled  howitzers  recently  in- 
troduced. Thus  four-fifths  of  the  various 
natures  of  British  rifled  ordnance,  and  the 
whole  of  foreign  rifled  ordnance,  are  fur- 
nished with  uniform  spirals.  But,  whereas 
all  foreigners  employ  the  longest  possible  rifle 
bearing  in  each  groove,  we  alone  use  an 
extremely  short  rifle-bearing  even  with  uni- 
form spirals. 

Whether  the  Woolwich  grooves  be  cut 
with  a  uniform  angle  throughout  the  entire 
length,  or  at  a  constantly  varying  angle,  the 
projectile  is  so  devised  that  no  portion  of  its 
surface  shall  touch  the  bore  except  the 
rifling  agencies.  These  agencies,  in  both 
cases,  consist  of  two  gun-metal  studs  to 
enter  each  groove,  which  are  wedged  into 
undercut  holes  near  the  middle  of  the  pro- 
jectile. Nicely  balanced  on  the  two  lower 
studs,  nearly  under  the  centre  of  gravity, 
and  unsupported  at  either  end,  it  is  obvious 
that  the  resistance  to  escape  due  to  the 
oblique  movement  of  the  axis  of  the  projec- 
tile must  be  far  greater  than  that  which 
would  be  due  to  the  angle  of  spiral  if  we 
could  suppose  the  axis  of  the  bore  and  shot 
to  correspond  vertically  and  horizontally 
during  its  passage  out  of  the  gun.  The 
Woolwich  projectiles  are  subject  to  both 
these  resistances,  but  that  due  to  obliquity 


of  the  axis  must  be  much  the  greater  than 
that  due  to  rotation. 

The  advantage  claimed  for  this  peculiar 
system  of  balancing  the  projectile  in  unsta- 
ble equilibrium  is,  that  a  short  bearing  of  1 
in.  in  each  groove  for  every  weight  and  every 
length  of  shot  can  alone  be  employed  in  an 
ever-changing  angle  of  groove.  And  this  in- 
increasing  spiral  is  supposed  to  relieve  the 
initial  or  maximum  pressure  in  the  powder 
chamber  by  allowing  the  shot  to  slip  away 
more  readily  from  its  charge.  As  shown  in 
Captain  O'Hea's  experiments  with  "part 
rifling"  in  small  arms,  a  shot  which  slips 
away  easiest  from  its  charge  has  the  high- 
est velocity  and  the  least  recoil,  or  powder 
pressure.  And  if  the  increasing  spiral 
brought  about  this  result  in  heavy  ordnance, 
the  increment  of  velocity  and  decrement  of 
pressure  would  be  good  evidence  of  the 
diminution  of  resistance  in  the  bore.  But 
it  was  clearly  proved,  in  1865,  that  the  ever- 
changing  spiral  gave  a  decrement  of  veloci- 
ty, so  that  in  two  otherwise  identical  7-in. 
6  -ton  guns,  fixed  with  115^  lbs.  shot  and 
22  lbs  P,  L.  G.  charges,  the  projectiles  both 
being  balanced  on  short-bearing  studs,  "the 
blow  struck  by  the  one  shot  on  leaving  the 
muzzle  would  be  to  that  struck  by  the  other 
as  100  to  103."     The  actual  loss  was : 

Velocity.  Total  Energy. 
Uniform  twist  and  sturls  .1465.0  feet  =  1712  foot-.ons. 
Increasing  twistandstuds.1443.8     "  =1656       " 


Penetrating  power  lost  by 
increasing  resistance. .". 


21.2 


=      56 


This  decrement  of  velocity,  with  the  in- 
creasing resistances  of  ever-changing  angles 
of  spiral,  was  subsequently  shown  in  8-in. 
guns  of  9  tons,  five  rounds  being  fired  from 
each  form  of  twist  with  stud- balanced  siiot 
of  179  lbs.  and  30  lbs  P.  L.  G.  charges. 
The  mean  results  were : 

Velocity.  Striking  Force. 
Uniform  twist  and  studs.  .13.  8.6  feet  =  2237  foot-tons. 
Increasing  twist  and  studs. 1303.3     "  =2121       " 


Penetrating  power  lost  by 
increasing  resistance. . . 


35.3 


116 


How  much  greater  the  increment  of  ve- 
locity would  have  been  had  advantage  been 
taken  of  the  uniformity  of  angle  in  the  spi- 
ral to  support  the  shot  on  long  bearings 
extending  along  the  whole  cylindrical  por- 
tion of  its  body,  was  not  then  shown.  But 
in  1864  two  identical  7-in.  7-ton  guns  were 
fired  under  exactly  similar  conditions,  ex- 
cept that  the  110  lbs.  projectiles  were  in 
the  one  case  supported  along  their  whole 
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cylindrical  portions  with  iron  rifle  bearings, 
and  in  the  other  they  were  balanced  on 
studs  working  in  increasing  spirals.  The 
powder  charges  were  25  lbs.  E.  L.  G\,  and 
the  results  weie  : — 


Velocity. 

Uniform  twist  with  Scott's 
long  bearings 1583 

Increasing   short-bearing 

studs 1526 

Penetratinfi"  power  lost  by  

short  bearings  and  increas- 
ing resistance  57 


Striking  F-/rce 
feet   =  1908  foot-:ons. 


=  li 


133 


Captain  O'Hea's  experiments  with  small 
arms  rifled  only  at  the  muzzle  show  that 
increase  of  velocity  is  ever  accompauied 
with  decrease  of  recoil  or  powder  pressure. 
And  it  might  be  expected  that,  in  heavy 
ordnance  also,  the  decrement  of  velocity 
might  be  a  measure  of  the  increment  of 
powder  pressures.  But  to  make  plain  the 
part  which  the  change  of  angle  in  the 
g  oo ve  plays  in  resistance  to  escape,  and 
consequently  to  rise  in  the  powder  pres- 
sures, the  experiments  about  to  be  conduc- 
ted by  the  Committee  on  Explosives  should 
be  so  devised  as  to  eliminate  as  far  as  pos- 
sible every  disturbing  element  except  the 
special  force  under  investigation.  To  do 
this  the  mechanical  forces  operating  within 
the  gun,  between  the  shot  and  the  bore, 
must  be  intelligently  studied. 

The  recent  mathematical  researches  of 
Captain  Noble,  It,.  A.,  of  Elswick  Works, 
claim,  for  the  increasing  spiral,  that  it  di- 
minishes the  pressure  in  the  powder  cham- 
ber to  the  extent  of  .08  ton  per  sq.  in. — 
such  puerilities  are  the  defendants  of  this 
system  driven  to.  As  to  that  portion  of  the 
bore  which  is  traversed  by  the  projectile, 
and  which  is  the  vital  part  of  heavy  Wool- 
wich rifled  ordnance.  Captain  Morgan,  H.  A., 
of  the  Royal  Gunpowder  Factories,  points 
out  that  the  total  pressure  required  to  pro- 
duce rotation,  should  be  divided  over  each 
square  inch  of  the  bearing  surfaces  to  esti- 
mate the  relative  values  of  diiferent  forms 
of  rifle  bearings.  According  to  Captain 
Morgan,  a  long  iron  bearing  in  a  uniform 
spiral  imposes  nine  times  less  strain  upon 
each  square  inch  of  the  groove  than  the 
"  Woolwich"  stud  system.  So  that  if  90 
tons  be  required  to  rotate  a  600-lbs.  shot, 
the  pressure  per  square  in.  would  be  only  2 
tons  with  Scott's  long  bearing,  instead  of  18 
tons.  This  is  omitting  the  mechanical  forces 
developed  by  the  obliquity  of  the  axis,  and 
which  Captain  Morgan  calls  "  knockings  " 
against  the  side  of  the  bore,  which  is  inva- 


riably and  exclusively  the  property  of  a 
system  of  balancing  heavy  projectiles  in 
unstable  equilibrium.  Following  Captain 
Morgan's  method,  and  dividing  the  pres- 
sures required  to  produce  rotation  as  calcu- 
lated by  Captain  Noble,  each  square  inch  of 
rifle  bearing,  it  appears,  according  to  Cap- 
tain Noble,  that  the  maximum  pressure  on 
the  stud  is  theoretically  the  same,  whether 
it  be  employed  in  an  uniform  or  in  an  in- 
creasing spiral.  Thus  the  pressure  per 
square  inch  on  the  rifle  bearing  in  the 
grooves  of  an  increasing  spiral  would  be 
nine  times  more  than  that  of  the  long-bear- 
ing system,  instead  of  10  times  more,  as 
calculated  by  Captain  Morgan.  Captain 
Noble's  researches  have  been  claimed  by 
the  apologists  of  the  Woolwich  system  as 
favoring  their  views,  yet  he  shows  that, 
whether  in  an  increasing  or  in  an  uniform 
spiral,  the  stud  is  theoretically  at  least  nine 
times  worse  than  the  long-bearing  system. 
We  should  be  glad  if  the  forthcoming  ex- 
periments were  directed  not  so  much  to 
compare  the  demerits  of  two  bad  short- 
bearing  systems,  and  prove  whether  the  19 
natures  rifled  on  the  one  plan  and  the  6 
natures  rifled  on  the  other,  be  worst,  as  to 
show  whether  a  long  rifle  bearing  would  not 
be  better  than  either. 

To  make  the  proposed  experiments  as  to 
the  relative  pressures  in  the  chamber  when 
uniform  and  when  increasing  twists  are 
employed,  worth  anything,  the  projectiles 
prepared  for  the  uniform  spiral  gun,  should 
have  two  additional  studs  inserted  in  them 
for  each  groove.  One  of  these  additional 
studs  should  be  inserted  in  the  rounded 
part  of  the  inner  extremity  of  the  projectile 
so  as  to  coincide  with  and  support  the  flat 
part  of  the  base,  and  the  other  should  be 
added  at  the  shoulders.  With  four  hard- 
ened studs  so  placed  in  each  groove,  a  long 
rifle  bearing  would  be  approached,  and  the 
centring  of  the  axes  might  be  accomplished, 
and  thus  a  tolerably  fair  representation  of 
the  uniform  spiral  in  its  better  applications 
would  be  imitated.  By  this  means  the 
oblique  movements  of  the  axis  would  be 
minimized,  as  in  all  long-bearing  centring 
systems,  and  the  powder  pressures  so  regis- 
tered would  indicate  what  power  was  ab- 
sorbed in  rotating  the  projectile ;  and  not 
what  power  is  taken  up  in  overcoming  the 
resistances  due  to  oblique  movements.  The 
latter  resistances  are  essential  to  the  ever- 
changing  an^le  of  spiral  which  necessitates 
the  employment  of  a  short  one-inch  bearing 
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in  each  groove.     To  apply  to  the  uniform 
spiral    that   which    mechanical    necessities 
alone  compel  us  to  employ  in  an  increasing 
twist,   and    then   to   measure    the   relative  i 
powder   pressures,   is    utterly    absurd,    not  j 
only  in  a  mechanical  and  scientific  point  of ! 
vi^w,  but  in  that  of  the  practical  gunner. 
We  protest  against  this  monstrous  absurdity 
beforehand,  because  there  are  ignorant  offi- 
cials easily  beguiled  by  philosophical  artil-  | 
lerists  who  have  acquired  a  knowledge  of 
some  mathematical  formulas,  who  may  be- 
come  still   more   hopelessly  confused  than 
they  are   at  present,  as  to  the  mechanical 
forces  which  injure   every  projectile  in  its 
efforts  to  escape  out  of  the  few  natures  of 
guns  furnished  with  increasing  spirals. 

The  addition  of  a  couple  of  studs  for  each 
uniform  groove  in  the  projectiles  used  in  the 
forthcoming  experiment  would  cost  very 
little,  and  could  do  no  harm,  while  it  would 
approximate  towards  the  results  to  be  ex- 
pected from  uniform  twists  properly  em- 
ployed. The  experiment  would  then  be  a  i 
very  valuable  one  Meanwhile  it  is  satis- 
factory to  find  that,  after  eight  years'  con- 


troversy as  to  the  influence  of  the  increas- 
ing spiral  or  powder  chambers,  experiment 
is  to  be  substituted  for  argument,  and  gun- 
powder for  mathematics — mathematics,  the 
value  of  which  any  well-taught  school-boy 
may  estimate  when  he  knows  that  amongst 
the  reasons  assigned  by  the  late  ordnance 
select  committee  for  preferring  the  French 
or  "  Woolwich "  plan  of  rifling  over  five 
other  competitive  systems,  is  "a  disposition 
to  admit  of  the  advantage  of  an  increasing 
over  a  uniform  spiral,  which  has  been 
strengthened  by  the  present  trial".  This 
advantage  can  best  be  realized  with  a  short 
bearing  on  two  points."  How  "  two  points " 
longitudinally  separated  several  inches  on 
the  shot  rifled  at  a  fixed  angle  can  be  made 
to  conform  to  an  ever-changing  angle  of 
groove  throughout  its  length,  our  artillery 
philosophers  do  not  explain.  To  exchange 
such  philosophy  as  has  governed  the  rifling 
of  our  heavy  ordnance  for  eight  years,  and 
landed  us  in  such  dire  results,  lor  intelli- 
gent experiment,  would  be  indeed  a  public 
gain  for  which  the  country  would  be  very 
thankful. 


FUEL.* 


Fiorn  ' '  Nature. ' 


In  accepting  the  invitation  of  the  Coun- 
cil of  the  British  Association  to  deliver  an 
address  to  the  operative  classes  of  this  great 
industrial  district,  I  felt  that  I  was  under- 
taking no  easy  task.  Having  to  speak  on 
behalf  of  the  Association,  and  in  the  pres- 
ence of  many  of  its  most  distinguished 
members,  I  am  bound  to  treat  my  subject 
scientifically,  but  I  have  to  bear  in  mind  at 
the  same  time  that  I  am  addressing  myself 
to  men  unquestionably  of  good  intelligence, 
but  without  that  scientific  training  which 
has  almost  created  a  language  of  its  own. 

It  is  no  consolation  for  me  to  think  that 
those  who  have  taken  a  similar  task  upon 
themselves  in  former  years,  have  admirably 
succeeded  in  divesting  highly  scientific  sub- 
jects of  the  formalism  in  which  they  are 
habitually  clothed.  The  very  names  of 
these  men — Tyndall,  Huxley,  Miller,  Lub- 
bock, and  Spottiswoode — are  such  as  to 
preclude  in  me  all  idea  of  rivalry,  but  I 
hope  to  profit  by  their  example,  and  to  re- 


*  Lecture  delivered  before  the  British  Association  at  Brad- 
ford, by  Dr.  Siemens. 


member  that  truth  must  always  be  simple, 
and  that  it  is  only  where  knowledge  is  im- 
perfect that  scientific  formulae  must  take 
the  place  of  plain  statements. 

The  subject  matter  of  my  discourse  is 
"  Fuel ;  "  a  matter  with  which  every  one  of 
us  has  become  familiarized  from  his  in- 
fancy, but  which  nevertheless  is  but  little 
understood  even  by  those  who  are  most 
largely  interested  in  its  applications ;  it  in- 
volves considerations  of  the  highest  a  priori 
interest,  both  from  a  scientific  and  practical 
point  of  view. 

I  purpose  to  arrange  my  subject  under 
five  principal  heads  : — 

1.  What  is  fuel? 

2.  Whence  is  fuel  derived  f 

3.  How  should  fuel  be  used  ? 

4.  The  coal  question  of  the  day. 

5.  Wherein  consists  the  fuel  of  the  sun  ? 
What  is  fuel  ? — Some  of  you  may  have 

already  said  within  yourselves  that  it  is  but 

|  wasted  time  to  enlarge  upon  such  a  theme, 

!  since  all  know  that  fuel  is  coal  drawn  from 

the   earth  from  deposits,   with  which  this 

country    especially    has    been   bountifully 
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supplied;  why  disturb  our  plain  under- 
standing by  scientific  definitions  which  will 
neither  reduce  the  cost  of  coal,  nor  make  it 
last  longer  on  our  domestic  hearth  ? 

Yet  I  must  claim  your  patience  for  a 
a  little,  lest,  if  we  do  not  first  agree  upon 
the  essential  nature  of  fuel,  we  may  after- 
wards be  at  variance  in  discussing  its  origin 
and  its  uses,  the  latter  at  any  rate  being  of 
practical  interest,  and  a  subject  worthy  of 
your  most  attentive  consideration. 

Fuel,  then,  in  the  ordinary  acceptation  of 
the  term,  is  carbonaceous  matter,  which 
may  be  in  the  solid,  the  liquid,  or  in  the 
gaseous  condition,  and  which,  in  combining 
with  oxygen,  gives  rise  to  the  phenomenon 
of  heat.  Commonly  speaking,  this  develop- 
ment of  heat  is  accompanied  by  flame,  be- 
cause the  substance  produced  in  combus- 
tion is  gaseous.  In  burning  coal,  for  in- 
stance, on  a  fire-grate  the  oxygen  of  the 
atmosphere  enters  into  combination  with 
the  solid  carbon  of  the  coal  and  produces 
carbonic  acid — a  gas  which  enters  the  at- 
mosphere, of  which  it  forms  a  necessary 
constituent,  since  without  it  the  growth  of 
trees  and  other  plants  would  be  impossible. 
But  combustion  is  not  necessarily  accom- 
panied by  flame,  or  even  by  a  display  of 
intense  heat.  The  metal  magnesium  burns 
with  a  great  display  of  light  and  heat,  but 
without  flame,  because  the  product  of  com- 
bustion is  not  a  gas  but  a  solid,  viz.,  oxide 
of  magnesia.  Again,  metallic  iron,  if  in  a 
finely  divided  state,  ignites  when  exposed 
to  the  atmosphere,  giving  rise  to  the  pheno- 
mena of  heat  and  light  without  flame,  be- 
cause the  result  of  combustion  is  iron  oxide 
or  rust ;  but  the  same  iron,  if  presented  to 
the  atmosphere — more  especially  to  a  damp 
atmosphere — in  a  solid  condition,  does  not 
ignite,  but  is  nevertheless  gradually  con- 
verted into  metallic  oxide  or  rust  as  before. 

Here,  then,  we  have  combination  without 
the  phenomena  either  of  flame  or  light;  but 
by  careful  experiment  we  should  find  that 
heat  is  nevertheless  produced,  and  that  the 
amount  of  heat  so  produced  precisely  equals 
that  obtained  more  rapidly  in  exposing 
spongy  iron  to  the  action  of  oxygen.  Only, 
in  the  latter  case  the  heat  is  developed  by 
slow  degrees,  and  is  dispersed  as  soon  as 
produced ;  whereas  in  the  former  the  rate 
of  production  exceeds  the  rate  of  dispersion, 
and  heat,  therefore,  accumulates  to  the  ex- 
tent of  raising  the  mass  to  redness.  It  is 
evident  from  these  experiments  that  we 
have  to  widen  our  conception,  and  call  fuel 


"  any  substance  which  is  capable  of  entering 
into  combination  with  another  substance, 
and  in  so  doing  gives  rise  to  the  phenome- 
non of  heat." 

In  thus  defining  fuel,  it  migM  appear  at 
first  sight  that  we  should  find  upon  our 
earth  a  great  variety,  and  an  inexhaustible 
supply  of  substances  that  might  be  ranged 
under  this  head ;  but  a  closer  investigation 
will  soon  reveal  the  fact  that  its  supply  is, 
comparatively  speaking,  extremely  limited. 

In  looking  at  the  solid  crust  of  the  earth, 
we  find  it  to  be  composed  for  the  most  part 
of  silicious,  calcareous,  and  magnesian 
rock  ;  the  former,  silica,  consisting  of  the 
metal  silicon  combined  with  oxygen,  and  is 
therefore  not  fuel,  but  rather  a  burnt  sub- 
stance which  has  parted  with  its  heat  of 
combustion  ages  ago  ;  the  second  limestone, 
being  carbonate  of  lime,  or  the  combination 
of  two  substances,  viz.,  oxide  of  calcium 
and  carbonic  acid,  both  of  which  are  essen- 
tially products  of  combustion,  the  one  of 
the  metal  calcium  and  the  other  of  carbon  ; 
and  the  third,  magnesia,  being  the  sub- 
stance magnesium,  which  I  have  just  burnt 
before  you,  and  which,  further  combined 
with  lime,  constitutes  dolomite  rock,  of 
which  the  Alps  are  mainly  composed.  All 
the  commoner  metals,  such  as  iron,  zinc, 
tin,  alumina,  sodium,  etc.,  we  find  in  nature 
in  an  oxidized  or  burnt  condition  ;  and  the 
only  metallic  substances  that  have  resisted 
the  intense  oxidizing  action  that  must  have 
prevailed  at  one  pf  riod  of  the  earth's  creation, 
are  the  so-called  precious  metals,  gold,  plati- 
num, iridium,  and  to  some  extent  also  silver 
and  copper.  But  what  about  the  oceans  of 
water,  which  have  occasionally  been  cited 
as  representing  a  vast  store  of  heat-produc- 
ing power  ready  for  our  use  when  coal 
shall  be  exhausted?  Not  many  months 
ago,  indeed,  on  the  occasion  of  a  water-gas 
company  being  formed,  statements  to  this 
effect  could  be  seen  in  some  of  our  leading 
papers.  Nothing,  however,  could  be  more 
fallacious.  When  hydrogen  burns,  doubt- 
less a  great  development  of  heat  ensues, 
but  water  is  already  the  result  of  this  com- 
bustion (which  took  place  upon  the  globe 
before  the  ocean  was  formed),  and  the 
separation  of  these  two  substances  would 
take  precisely  the  same  amount  of  heat  as 
was  originally  produced  in  the  combustion. 
It  will  thus  be  seen  that  both  the  solid  and 
fluid  constituents  of  our  earth,  with  the  ex- 
ception of  coal,  of  naphtha  (which  is  a 
mere  modification  of  coal),  and  the  precious 
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metals,  are  products  of  combustion,  and 
therefore  the  very  reverse  of  fuel.  Our 
earth  may  indeed  be  looked  upon  as  "  a 
ball  of  cinder,  rolling  eternally  through 
space,"  but  happily  in  company  with  another 
celestial  body — the  sun — whose  glorious 
beams  are  the  physical  cause  of  everything 
that  moves  and  lives,  or  that  has  the  power 
within  itself  of  imparting  life,  heat  or  mo- 
tion. The  invigorating  influence  is  made 
perceptible  to  our  senses  in  the  form  of  heat; 
but  it  is  fair  to  ask,  what  is  heat,  that  it 
should  be  capable  of  coming  to  us  from  the 
sun,  and  of  being  treasured  up  in  our  fuel 
deposits  both  below  and  on  the  surface  of 
the  earth? 

If  this  inquiry  had  been  put  to  me  thirty 
years  ago,  I  should  have  been  much  per- 
plexed. By  reference  to  books  on  Physical 
Science,  I  should  have  learnt  that  heat  was 
a  subtle  fluid  which,  somehow  or  other,  had 
taken  up  its  residence  in  the  fuel,  and 
which,  upon  ignition  of  the  latter,  was  sally- 
ing forth  either  to  vanish  or  to  abide  else- 
where ;  but  I  should  not  have  been  able  to 
associate  the  two  ideas  of  combustion  and 
development  of  heat  by  any  intelligible 
principle  in  nature,  or  to  suggest  any  pro- 
cess by  which  it  could  have  been  derived 
from  the  sun  and  petrified,  or,  as  the  empty 
phrase  ran,  rendered  latent  in  the  fuel. 

It  is  by  the  labors  of  Meyer,  Joule, 
Clausius,  Eanken,  and  other  modern  physi- 
cists, that  we  are  enabled  to  give  to  heat  its 
true  significance. 

Heat  according  to  the  "  dynamical  theory," 
is  neither  more  nor  less  than  motion  am- 
ongst the  particles  of  the  substance  heated, 
which  motion  when  once  produced,  may  be 
changed  in  its  direction  and  its  nature,  and 
thus  be  converted  into  mechanical  effect, 
expressible  in  foot  pounds,  or  horse  power. 
By  intensifying  this  motion  among  the  par- 
ticles, it  is  made  evident  to  our  visual  organ 
by  the  emanation  of  light,  which  again  is 
neither  more  nor  less  than  vibratory  motion 
imparted  by  the  ignited  substance  to  the 
medium  separating  us  from  the  same. 
According  to  this  theory,  which  constitutes 
one  of  the  most  important  advances  in 
science  of  the  present  century,  heat,  light, 
electricity,  and  chemical  action  are  only 
different  manifestations  of  "  energy  of 
matter,"  mutually  convertible,  but  as  inde- 
structible as  matter  itself. 

Energy  exists  in  two  forms,  dynamic  or 
"kinetic  energy,"  or  force  manifesting 
itself  to  our  senses  as  weight  in  motion,  as 


sensible  heat,  or  as  an  active  electrical 
current;  and  "potential  energy,"  or  force 
in  a  dormant  condition.  In  illustration  of 
these  two  forms  of  energy,  I  will  take  the 
case  of  lifting  a  weight,  say  1  lb.  1  ft.  hi^rh. 
In  lifting  this  weight  "kinetic  muscular 
energy"  has  to  be  exercised  in  overcoming 
the  fprce  of  gravitation  of  the  earth.  The 
pound  weight  when  supported  at  the 
higher  level  to  which  it  has  been  raised, 
represents  potential  energy  to  the  amount 
of  one  unit  or  foot  pound.  This  potential 
energy  may  be  utilized  in  imparting  motion 
to  mechanism  during  its  descent,  whereby  a 
unit  amount  of  "  Work  "  is  accomplished. 
A  pound  of  carbon  then,  when  raised 
through  the  space  of  one  foot  from  the  earth, 
represents,  mechanically  speaking,  a  unit 
quantity  of  energy,  but  the  same  pound  of 
carbon  being  separated  or  lifted  away  from 
oxygen,  to  which  it  has  a  very  powerful 
attraction,  is  capable  of  developing  no  less 
than  11,000,000  foot  pounds  or  unit  quanti- 
ties of  energy  whenever  the  bar  to  their 
combination,  namely  excessive  depression 
of  temperature,  is  removed ;  in  other 
words,  the  mechanical  energy  set  free  in 
the  combustion  of  1  lb.  of  pure  carbon  is 
the  same  as  would  be  required  to  raise 
11,000,000  lbs.  weight  1  ft.  high,  or  as 
would  sustain  the  work  which  we  call  a 
horse  power  during  5  hours  33  min.  AYe 
thus  arrive  at  once  at  the  utmost  limit  of 
work  which  we  can  ever  hope  to  accomplish 
by  the  combustion  of  1  lb.  of  carbonaceous 
matter,  and  we  shall  presently  see  how  fir 
we  are  still  removed  in  our  steam  engine 
practice  from  this  limit  of  perfection.* 

The  following  illustrations  will  show  the 
convertibility  of  the  different  forms  of  ener^v. 
If  I  let  the  weight  of  a  hammer  descend  in 
rapid  succession  upon  a  piece  of  iron  it  be- 
comes hot,  and  on  beating  a  nail  thus 
vigorously  and  skilfully  for  a  minute  it  will 
be  red-hot.  In  this  case  the  mechanical 
force  developed  in  the  arm  by  the  com- 
bustion of  carbonaceous  muscular  fibre  is 
converted  into  heat.  Again,  in  compressing 
the  air  in  a  fire  syringe  rapidly,  ignition  of  a 
piece  of  tinder  is  obtained.  Again,  in 
passing  an  electrical  current  through  the 
platinum  wire  it  is  directly  converted  into 


*  In  burning  1  lb.  of  carbon  in  the  presence  of  free  oxvijen, 
carbonic  acid  is  produced  and  l-l^OO  units  of  heat  (1  lb.  of 
water  raised  through  1  deg.  Fahr  )  are  liberated.  Each  unit 
of  heat  is  convertible  (as  proved  by  the  deductions  ot  Meyer 
and  the  actual  measurements  of  Joule)  into  774  units  of  force 
or  mechanical  energy;  hence  1  lb.  of  carbon  represents  really 
14,500X774=11,223,000  units  of  potential  energy. 
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heat,  which  is  manifested  by  ignition  of  the 
Avire,  whereas  the  thermopile  gives  an  illus- 
tration of  the  conversion  of  heat  into  elec- 
tricity. The  heat  of  combustion  is  the 
result  of  the  chemical  combination  of  two 
substances ;  but  does  it  not  follow  from 
this  that  oxygen  is  a  combustible  as  well  as 
the  carbonaceous  substance  which  goes  by 
the  name  of  fuel  ?  This  is,  unquestionably, 
the  case,  and  if  our  atmosphere  was  com- 
posed of  a  carbonaceous  gas  we  should  have 
to  conduct  our  oxygen  through  tubes  and 
send  it  out  through  burners  to  supply  us 
with  light  and  heat,  as  will  be  seen  by  the 
experiment  in  which  I  burn  a  jet  of  atmos- 
pheric air  in  a  transparent  globe  filled  with 
common  lighting  gas ;  but  we  could  not 
exist  under  such  inverted  conditions,  and 
may  safely  strike  out  oxygen  and  analogous 
substances  such  as  chlorine  from  the  list  of 
fuels. 

We  now  approach  the  second  part  of  our 
inquiry — Whence  is  fuel  derived  ? 

The  rays  of  the  sun  represent  energy  in 
the  form  of  heat  and  light,  which  is  com- 
municated to  our  earth  through  the  trans- 
parent medium  which  must  necessarily  fill 
the  space  between  us  and  our  great  lumi- 
nary. If  these  rays  fall  upon  the  growing 
plant,  their  effect  disappears  from  direct 
recognition  by  our  senses,  inasmuch  as  the 
leaf  does  not  become  heated  as  it  would  if 
it  was  made  of  iron  or  dead  wood,  but  we 
find  a  chemical  result  accomplished,  viz., 
carbonic  acid  gas  which  lias  been  absorbed 
by  the  leaf  of  the  tree  from  the  atmosphere, 
is  there  "dissociated,"  or  separated  into 
its  elements,  carbon  and  oxygen,  the  oxy- 
gen being  returned  to  the  atmosphere,  and 
the  carbon  reta'ned  to  form  the  solid  sub- 
stance of  the  tree. 

It  is  thus  ciearly  shown  that  the  sun  has 
to  impart  11,000,000  units  of  energy  to 
the  tree  for  the  formation  of  1  lb  of  car- 
bon in  the  sh-»pe  of  woody  fibre,  aud  that 
these  11,000.00U  units  of  energy  will  be 
simply  resuscitated  when  the  wood  is  burnt, 
or  again  combined  with  oxygen  to  form 
carbonic  acid. 

Fuel,  then,  is  derived  through  solar  en- 
ergy acting  on  the  surface  of  our  earth. 

But  what  about  the  stores  of  mineral 
fuel,  of  coal,  which  we  find  within  its 
folds?  How  did  they  escape  the  general 
combustion  which,  as  we  have  seen,  has 
consumed  all  other  elementary  substances  ? 
The  answer  is  a  simple  one.  These  depos- 
its of  mineral  fuel  are  the  results  of  prime- 


val forests,  formed  in  the  manner  of  to-day 
through  the  agency  of  solar  rays,  and  cov- 
ered over  with  earthy  matter  in  the  many 
inundations  and  convulsions  of  the  globe's 
surface,  which  must  have  followed  the  early 
solidification  of  its  surface.  Thus  our  de- 
posits of  coal  may  be  looked  upon  as  the 
accumulation  of  potential  energy  derived 
directly  from  the  sun  in  former  ages,  or  as 
George  Stephenson,  with  a  sagacity  of 
mind  in  advance  of  the  science  of  his  day, 
answered,  when  asked  what  was  the  ulti- 
mate cause  of  motion  of  his  locomotive  en- 
gine, "that  it  went  by  the  bottled  up  rays 
of  the  sun." 

It  follows  from  these  considerations  that 
the  amount  of  potential  energy  available 
for  our  use  is  confined  to  our  deposits  of 
coal,  which,  as  appears  from  the  exhaust- 
ive inquiries  lately  made  by  the  Hoyal  (Joai 
Commission  are  still  large  indeed,  but  by 
no  means  inexhaustible,  if  we  bear  in 
mind  that  our  requirement  will  be  ever  on 
the  increase,  and  that  the  getting  of  the 
coal  will  become  from  year  to  year  more 
difficult  as  we  descend  to  greater  depth. 
To  these  stores  must  be  reckoned '  lignite 
and  peat,  which,  although  not  coal,  are 
nevertheless  the  result  of  solar  energy,  at- 
tributable to  a  period  of  the  earth's  crea- 
tion subsequent  to  the  formation  of  the  coal 
beds,  but  anterior  to  our  own  days. 

In  discussing  the  necessity  of  using  our 
stores  of  fuei  more  economically,  I  have 
been  met  by  the  observation  that  we 
need  not  be  anxious  about  leaving  fuel 
for  our  descendants — that  the  human  mind 
would  surely  invent  some  other  source  of 
power  when  coal  should  be  exhausted,  and 
that  such  a  sou  ce  would  probably  be  dis- 
covered in  electricity.  I  heard  such  a  sug- 
gestion publicly  made  only  a  few  weeks 
back  at  a  meeting  of  the  International  Jury 
at  Vienna,  and  could  not  refrain  from  call- 
ing attention  to  the  fact  that  electricity  is 
only  another  form  of  energy,  that  could  no 
more  be  created  by  man  than  heat  could, 
and  involved  the  same  recourse  to  our  ac- 
cumulated stores. 

If  our  stores  of  coal  were  to  ebb,  we 
should  have  recourse,  no  doubt,  to  the 
force  radiating  from  the  sun  from  day  to 
day;  and  it  may  be  as  well  for  us  to  con- 
sider, what  is  the  extent  of  that  force,  and 
what  our  means  of  gathering  and  applying 
it.  We  have,  then,  in  the  first  pi  ce,  the 
accumulation  of  solar  energy  upon  our 
earth's  surface  by  the  decomposition  of  car- 
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bonic  acid  in  plants,  a  source  which  we 
know  by  experience  suffices  for  the  human 
requirements  in  thinly-populated  countries, 
where  industry  has  taken  only  a  slight  de- 
velopment. Wherever  population  accumu- 
lates, however,  the  wood  of  the  forest  no 
longer  suffices  even  for  domestic  require- 
ments, and  mineral  fuel  has  to  be  trans- 
ported from  great  distances. 

The  sun's  rays  produce,  however,  other 
effects  besides  vegetation,  and  amongst 
these,  evaporation  is  the  most  important  as 
a  source  of  available  power.  By  the  solar 
rays,  an  amount  of  heat  is  imparted  to  our 
earth  that  would  evaporate  yearly  a  lake 
of  water  14  ft.  deep.  A  considerable  pro- 
portion of  this  heat  is  actually  expended  in 
evaporating  sea  water,  producing  steam  or 
vapor,  which  falls  back  upon  the  entire 
surface  of  both  land  and  sea  in  the  form  of 
rain.  The  portion  which  falls  upon  the 
eh  vated  land  flows  back  towards  the  sea  in 
the  form  of  rivers,  and  in  its  descent  its 
weight  may  be  utilized  10  give  motion  to 
machinery.  Water-power,  therefore,  is 
also  the  result  of  solar  energy,  and  an  ele- 
vated lake  may  indeed  be  looked  upon  as 
fuel,  in  the  sense  of  its  being  a  weight 
lifted  above  the  sea  level  through  its  prior 
expansion  into  steam. 

This  source  of  power  has  also  been  large- 
ly resorted  to,  and  might  be  utilized  to  a 
still  greater  extent  in  mountainous  coun- 
tries ;  but  it  naturally  so  happens  that  the 
great  centres  of  industry  are  in  the  plains, 
where  the  means  of  transport  are  easy,  and 
the  total  amount  of  available  wrater-power 
in  such  districts  is  extremely  limited. 

Another  result  of  solar  energy  are  the 
winds,  which  have  been  utilized  for  the 
production  of  power.  This  source  of  power 
is,  indeed,  very  great  in  the  aggregate,  but 
its  application  is  attended  with  very  great 
inconvenience.  It  is  proverbial  that  there 
is  nothing  more  uncertain  than  the  wind, 
and  wrhen  we  were  dependent  upon  wind- 
mills for  the  production  of  flour,  it  often 
happened  that  whole  districts  wTere  without 
that  necessary  element  to  our  daily  exist- 
ence. JShips  also,  relying  upon  the  wind 
for  their  propulsion  through  the  sea,  are 
often  becalmed  for  wTeeks,  and  so  gradually 
give  preference  to  steam-power  on  account 
of  its  greater  certainty.  It  has  been  sug- 
gested of  late  years  to  utilize  the  heat  of 
the  sun  by  the  accumulation  of  its  rays  into 
a  focus  by  means  of  gigantic  lenses,  and 
to  establish  t team-boilers  in  such  foci.    This 


would  be  a  most  direct  utilization  of  solar 
energy,  but  it  is  a  plan  which  would  hardly 
recommend  itself  in  this  country,  where  the 
sun  is  but  rarely  seen,  and  which  even  in 
a  country  like  Spain  would  hardly  be  pro- 
ductive of  useful,  practical  results. 

There  is  one  more  natural  source  of 
energy  available  for  our  uses,  which  is 
rather  cosmical  than  solar,  viz.,  the  tidal 
wave.  This  might  also  be  utilized  to  very 
considerable  extent  in  an  island  country 
facing  the  Atlantic  seas,  like  this,  but  its 
utilization  on  a  large  scale  is  connected 
with  great  practical  difficulty  and  expendi- 
ture, on  account  of  the  enormous  area  of 
tidal  basin  that  wrould  have  to  be  con- 
structed. 

In  passing  in  review  these  various  sources 
of  energy  which  are  still  available  to  us, 
after  we  have  run  through  our  accumulated 
capital  of  potential  energy  in  the  shape  of 
coal,  it  will  have  struck  you  that  none  of 
them  would  at  all  supply  the  place  of  our 
willing  and  ever-ready  slave,  the  steam- 
engine  ;  nor  would  they  be  applicable  to 
our  purposes  of  locomotion,  although  means 
might  possibly  be  invented  of  storing  and 
carrying  potential  energy  in  other  formal 
But  it  is  not  force  alone  that  we  require, 
but  heat  for  smelting  our  iron  and  other 
metals,  and  the  accomplishment  of  other 
chemical  purposes.  We  also  need  a  large 
supply  for  our  domestic  purposes.  It  is 
true  that  with  an  abundant  supply  of 
mechanical  force  we  could  manufacture 
heat,  and  thus  actually  accomplish  all  our 
purposes  of  smelting,  cooking,  and  heating, 
without  the  use  of  any  combustible  matter  ; 
but  such  conversion  would  be  attended  with 
so  much  difficulty  and  expenditure,  that  one 
cannot  conceive  human  prosperity  under 
such  laborious  and  artificial  conditions. 

We  come  now  to  the  question — How 
should  fuel  be  used  ? — and  I  propose  to  illust- 
rate this  by  three  examples  which  are 
typical  of  the  three  great  branches  of  con- 
sumption. 

a.  The  production  of  steam-power. 

b.  The  domestic  hearth. 

c.  The  metallurgical  furnace. 

I  have  represented  on  a  diagram  two 
steam  cylinders  of  the  same  internal  dimen- 
sions, the  one  being  what  is  called  a  high- 
pressure  steam  cylinder,  provided  with  the 
ordinary  slide-valve  for  the  admission  and 
discharge  of  steam  into  the  atmosphere, 
and  the  other  so  arranged  as  to  work  ex- 
pansively (being  provided  with  the  Carless 
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variable  expansion  gear)  and  working  in 
connection  with  the  condenser.  I  have  also 
shown  two  diagrams  of  the  steam  pressures 
at  each  part  of  the  stroke,  assuming  in  both 
cases  the  same  initial  steam  pressure  of  60 
lbs;  per  sq.  in.  above  the  atmospheric  pres- 
sure, and  the  same  load  upon  the  engine. 
They  show  that  in  the  latter  case  the  same 
amount  of  work  is  accomplished  by  filling 
the  cylinder,  roughly  speaking,  up  to  one- 
third  part  of  the  length,  as  in  the  other  by 
filling  it  entirely.  .  Here  we  have,  then,  an 
easy  and  feasible  plan  of  saving  two  thirds 
of  the  fuel  used  in  working  an  ordinary 
high-pressure  engine,  and  yet  probably  the 
greater  number  of  the  engines  now  actually 
at  work  are  of  the  wasteful  type.  Nor  are 
the  indications  of  theory  in  this  case  (or  in 
any  other  when  properly  interpreted)  dis- 
proved by  practice  ;  on  the  contrary,  an 
ordinary  non-expansive  non-condensing  en- 
gine requires  commonly  a  consumption  of 
from  10  to  12  lbs.  per  horse-power  per  hour, 
whereas  a  good  expansive  and  condensing 
engine  accomplishes  the  same  amount  of 
work  with  2  lbs.  of  coal  per  hour,  the  rea- 
son for  the  still  greater  economy  being,  that 
the  cylinder  of  the  good  engine  is  properly 
protected  by  means  of  a  steam-jacket  and 
lagging  against  loss  by  condensation  with- 
in the  working  cylinder,  and  that  more  care 
is  generally  bestowed  upon  the  boiler  and 
the  parts  of  the  engine,  to  insure  their  pro- 
per working  condition. 

A  striking  illustration  of  what  can  be 
accomplished  by  way  of  accuracy  in  a  short 
space  of  time  was  brought  to  light  by  the 
Institute  of  Mechauicai  Engineers,  over 
which  at  present  I  have  the  honor  to  pre- 
side. In  holding  their  annual  general 
meeting  in  Liverpool  in  1863,  they  institut- 
ed a  careful  inquiry  into  the  consumption 
by  the  best  engines  in  the  Atlantic  ISteam 
Service,  and  the  result  showed  that  it  fell 
in  no  case  below  4^  lbs.  per  indicated  horse- 
power per  hour.  Last  year  they  again 
assembled  with  the  same  object  in  view  in 
Liverpool,  and  Mr.  Bramwell  produced  a 
table  showing  that  the  average  consump- 
tion by  17  good  examples  of  compound  ex- 
pansive engines  did  not  exceed  '2\  lbs.  per 
indicated  horse-power  per  hour.  Mr.  E.  A. 
Cowper  has  proved  a  consumption  not  ex- 
ceeding 1^  lb.  per  indicated  horse-power 
per  hour  in  a  compound  marine  engine 
constructed  with  an  intermediate  super- 
heating vessel,  in  accordance  with  his  plans  ; 
nor  are  we  likely  to  stop  long  at  this  point 


of  comparative  perfection,  for  in  the  early 
portion  of  my  address  I  have  endeavored 
to  prove  that  the  theoretical  perfection 
would  only  be  attained  if  an  indicated  horse- 
power was  produced   with  — -  lb.    of  pure 
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carbon,  or  say  J  lb.  of  ordinary  steam  coal. 
Here  then  we  have  two  distinct  margins 
to  work  upon,  the  one  up  to  the  limit  of  say 
2  lbs.  per  horse  power  per  hour,  which  has 
been  practically  reached  in  some  and  may 
be  in  all  cases,  and  the  other  up  to  the 
theoretical  limit  of  J  lb.  per  horse-power 
per  hour,  which  can  never  be  absolutely 
reached,  but  which  inventive  power  may 
and  will  enable  us  to  approach  ! 

DOMESTIC    CONSUMPTION. 

The  wastefulness  of  the  domestic  hearth 
and  kitchen  fire  is  self-evident.  Here  only 
the  heat  radiated  from  the  fire  itself  is 
utilized,  and  the  combustion  is  generally 
extremely  imperfect,  because  the  iron  back 
and  excessive  supply  of  cold  airs,  check 
combustion  before  it  is  half  completed.  We 
know  that  we  can  heat  a  room  much  more 
economically  by  means  of  a  German  stove  ; 
but  to  this  it  may  be  very  properly  objected 
that  it  is  cheerless,  because  we  do  not  see 
the  lire  or  feel  its  drying  effect  on  our  damp 
clothing ;  it  does  not  provide,  moreover,  in 
a  sufficient  degree  for  ventilation,  and 
makes  the  room  feel  stuffy.  The^e  are,  in 
my  opinion,  very  po.ent  objections,  and 
economy  would  not  be  worth  having  if  it 
could  only  be  obtained  at  the  expense  of 
health  and  comfort.  But  there  is  at  least 
one  grate  that  combines  an  increased  amount 
of  comfort  with  reasonable  economy,  and 
which,  although  accessible  to  all,  is  as  yet 
very  little  used.  I  refer  to  Captain  Galton's 
"  Ventilating  Fireplace,"  of  which  you  ob- 
serve a  diagram  upon  the  wall.  This  fire- 
place does  not  differ  in  external  appearance 
from  an  ordinary  grate,  except  that  it  has 
a  higher  brick  back,  which  is  perforated  at 
about  mid-height  to  admit  warmed  air  into 
the  lire  to  burn  a  large  proportion  of  the 
smoke  which  is  usually  sent  up  the  chimney 
unburnt,  for  no  better  purpose  than  to  poi- 
son the  atmosphere  we  have  to  breathe. 

The  chief  novelty  and  merit  of  Captain 
Galton's  fireplace  consists,  however,  in  pro- 
viding a  chamber  at  the  back  of  the  grate, 
into  which  air  passes  directly  from  wituout, 
becomes  moderately  heated(to  84deg.Fahr.), 
and  rising  in  a  separate  true,  is  injected 
into  the  room  under  the  ceiling  with  a  force 
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due  to  the  heated  ascending  flue.  A  plenum 
of  pressure  is  thus  established  within  the 
room  whereby  indraughts  through  doors 
and  windows  are  avoided,  and  the  air  is 
continually  renewed  by  passing  away 
through  the  fireplace  chimney  as  usual. 
Thus  the  cheerfulness  of  an  open  fire,  the 
comfort  of  a  room  filled  with  fresh  but 
moderately  warmed  air,  and  great  economy 
of  fuel,  are  happily  combined  with  unques- 
tionable efficiency  and  simplicity;  and  yet 
the  grate  is  little  used,  although  it  has  been 
fully  described  in  papers  communicated  by 
Captain  Galton,  and  in  an  elaborate  report 
made  by  General  Morin,  le  Directeur  du 
Conservatoire  des  Arts  et  Metiers  of  Paris, 
which  has  also  appeared  in  the  English 
language. 

The  slowness  with  which  this  unques- 
tionable improvement  finds  practical  appli- 
cation is  due,  in  my  opinion,  to  two  circum- 
stances,— the  one  is,  that  Captain  Galton 
did  not  patent  his  improvement,  which 
makes  it  nobody's  business  to  force  it  into 
use,  and  the  other  may  be  found  in  the 
circumstance  that  houses  are,  to  a  great  ex- 
tent, built  only  to  be  sold  and  not  to  be 
lived  in.  A  builder  thinks  it  a  good  spec- 
ulation to  construct  a  score  of  houses  after 
a  cheap  design,  in  order  to  seil  them,  if 
possible,  before  completion,  and  the  pur- 
chaser immediately  puts  up  the  standard 
bill  oi  "  Desirable  .Residences  to  Let." 
You  naturally  would  think  that  in  taking 
such  a  house  you  had  only  to  furnish  it  to 
your  own  mind,  and  be  in  the  enjoyment 
of  all  reasonable  creature  comfort  from  the 
moment  you  enter  the  same.  This  fond 
hope  is  destined,  however,  to  cruel  disap- 
pointment; the  first  evening  you  turn  on 
the  gas,  you  find  that  although  the  pipes 
are  there,  the  gas  prefers  to  pass  out  by 
the  joints  into  the  room  instt  ad  of  by  the 
burners ;  the  water  in  like  manner  takes 
its  road  through  the  ceiling,  bringing  down 
with  it  a  pat<-h  of  plaster  on  to  your  carpet. 
But  worst  of  all,  the  fire-grates  (of  a  size 
irrespective  probably,  of  the  size  of  the 
room)  absolutely  refuse  to  avail  themselves 
of  the  chimney  flues,  preferring  to  send  the 
volumes  of  smoke  into  the  room.  Plumb- 
ers and  chimney  doctors  are  now  put  into 
requisition,  pulling  up  floors,  dirtying  car- 
pets, and  putting  up  gaunt-looking  chim- 
ney-pots ;  the  grates  themselves  have  to  be 
altered  again  and  again,  until  by  slow  de- 
grees the  house  becomes  habitable  in  a  de- 
gree, although  you  now  only  become  fully 


aware  of  innumerable  drawbacks  of  the  ar- 
rangements adopted.  Nevertheless,  the 
house  has  been  an  excellent  one  to  sell,  and 
the  builder  adopts  the  same  pattern  for  an- 
other block  or  two  in  an  increasing  neigh- 
borhood. Why  should  this  builder  adopt 
Captain  Gal  ton's  fireplace  ?  It  will  not  co>t 
him  much,  it  is  true,  and  it  will  save  the 
tenant  a  great  deal  in  his  annual  coal  bill, 
not  to  speak  of  the  comfort  it  would  give 
him  and  his  family;  but  nobody  demands 
it  of  him,  it  would  give  him  some  trouble 
to  arrange  his  details  and  sub-contracts, 
which  are  all  settled  beforehand,  and  so 
he  goes  on  building  and  selling  houses 
in  the  usual  routine  way.  Nor  will  this 
state  of  things  be  altered  until  the  dwell- 
ers in  houses  will  take  the  matter  in 
hand,  and  absolutely  refuse  to  put  up 
with  builders'  ways,  or,  what  is  still 
better,  get  builders  who  will  put  up 
houses  in  their  way.  This  is  done  to 
some  extent  by  building  societies,  but 
there  is  as  yet  too  much  of  the  old  leaven 
left  in  the  trade,  and  the  question  itself  too 
little  understood. 

COXStniPTION    IN    SMELTING    OPERATIONS. 

We  now  come  to  the  third  branch  of 
consumption,  the  smelting,  or  metallurgical 
furnace,  which  consumes  about  40,000,000 
of  the  120  millions  of  the  fuel  produced. 
Here  also  is  great  room  for  improvement ; 
the  actual  fuel  consumed  in  heating  a  ton 
of  iron  up  to  the  welding  point,  or  of  melt- 
ing a  ton  of  steel,  is  more  in  excess  of  the 
theoretical  quantity  required  for  these  pur- 
poses than  is  the  case  with  regard  to  the  pro- 
duction of  steam  power  and  to  domestic  con- 
sumption. Taking  the  specific  heat  of  iron 
at  .114  and  the  welding  heat  at  2,700  deg. 
F.  it  would  require  2,7o0  X-144  ~3U7  heat 
units  to  heat  1  lb.  of  iron.  A  pound  of 
pure  carbon  develops  14,500  heat  units,  a 
pound  of  common  coal  12,000,  and  there- 
fore, one  ton  of  coal  should  bring  39  tons 
of  iron  up  to  the  welding  point.  In  an  or- 
dinary re-heating  furnace  a  ton  of  coal 
heats  only  1§  ton  of  iron,  and  therefore 
produces  only  -fa  part  of  the  maximum 
theoretical  effect,  in  melting  one  ton  of 
steel  in  pots  2-^-  tons  of  coke  are  consumed, 
and  taking  the  melting  point  of  steel  at  3,000 
deg.  F.,  the  specific  heat  at  .119,  it  takes 
.119  X3>6°0=428  heat  units  to  melt  a 
pound  of  steel,  and  taking  the  heat-pro- 
ducing power  of  common  coke  al&o  at 
12,000  units,  one  ton  of  coke  ought  to  be 
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able  to  melt  28  tons  of  steel.  The  Shef- 
field pot  steel  melting  furnace  therefore 
only  utilizes  -=\T  part  of  the  theoretical  heat 
developed  in  the  combustion.  Here,  there- 
fore, is  a  very  wide  margin  for  improve- 
ment, to  which  I  have  specially  devoted  my 
attention  for  many  years,  and  not  without 
the  attainment  of  useful  results.  I  have  since 
the  year  1846,  or  very  shortly  after  the 
first  announcement  of  the  dynamical  theory, 
devoted  my  attention  to  a  realization  of 
some  of  the  economic  results  which  that 
theory  rendered  feasible.  I  fixed  upon  the 
regenerator  as  the  appliance  which,  without 
being  capable  of  reproducing  heat  when 
once  really  consumed,  is  extremely  useful 
for  temporarily  storing  such  heat  as  cannot 
be  immediately  utilized,  in  order  to  impart 
it  to  the  fluid  or  other  substance  which  is 
employed  in  continuation  of  the  operation 
of  heating  or  of  generating  force. 

Without  troubling  you  with  an  account 
of  the  gradual  progress  of  these  improve- 
ments, I  will  describe  to  you  shortly  the 
furnace  which  I  now  employ  for  melting 
steel.  This  consists  of  a  furnace  bed  made 
of  very  refractory  material,  such  as  pure 
silica  sand  and  silica  or  Dina's  brick,  under 
which  four  regenerators  or  chambers  filled 
with  checkerwork  of  brick  are  arranged 
in  such  a  manner  that  a  current  of  com- 
bustible gas  passes  upward  through  one  of 
these  regenerators,  while  a  current  of  air 
passes  upwards  through  the  adjoining 
regenerator,  in  order  to  meet  in  combustion 
at  the  entrance  into  the  furnace  chamber. 
The  products  of  combustion,  instead  of 
passing  directly  to  the  chimney  as  in  an 
ordinary  'furnace,  are  directed  downwards 
through  the  two  other  regenerators  on  their 
way  towards  the  chimney,  where  they  part 
with  their  heat  to  the  checkerwork  in  such 
manner  that  the  highest  degree  of  heat  is 
imparted  to  the  upper  layers,  and  that  the 
*  gaseous  products  reach  the  chimney  com- 
paratively cool  (about  300  deg.  F. ).  After 
going  on  in  this  way  for  half  an  hour,  the 
currents  are  reversed  by  means  of  suitable 
reversing  valves,  and  the  cold  air  and  com- 
bustible gas  now  enter  the  furnace  chamber, 
after  having  taken  up  heat  from  the 
regenerator  in  the  reverse  order  in  which  it 
was  deposited,  reaching  the  furnace  there- 
fore nearly  at  the  temperature  at  wThich  the 
gases  of  combustion  left  the  same.  A 
great  reversion  of  temperature  within  the 
chamber  is  the  result,  and  the  two  first- 
mentioned  regenerators  are  heated  to  a 
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higher  degree  than  the  latter.  It  is  easy 
to  conceive  that  in  that  way,  heat  may  be 
accumulated  within  the  chamber  to  an 
apparently  unlimited  extent,  and  with  a 
minimum  of  chimney  draught. 

Practically  the  limit  is  reached  at  the 
point  where  the  materials  composing  the 
chamber  begin  to  melt.  Whereas  a  theo- 
retical limit  also  exists  in  the  fact  that 
combustion  ceases  at  a  point  which  has  been 
laid  by  St.  Clair  Deville  at  5000  deg.  Fahr., 
and  which  has  been  called  by  him  the  point 
of  dissociation.  At  this  point  hydrogen 
might  be  mixed  with  oxygen  and  yet  the 
two  would  not  combine,  showing  that  com- 
bustion really  only  takes  place  between  the 
units  of  temperature  of  about  500  deg.  and 
4,500  deg.  Fahr. 

To  return  to  the  regenerative  gas-furnace. 
It  is  evident  that  there  must  be  economy 
where  within  ordinary  limits  any  degree 
of  heat  can  be  obtained,  while  the  products 
of  combustion  pass  in  the  chimney  only 
300  deg.  hot.  Practically  a  ton  of  steel  is 
melted  in  this  furnace  with  12  cwt.  of  small 
coal  consumed  in  the  gas-producer,  which 
latter  may  be  placed  at  any  reasonable 
distance  from  the  furnace,  and  consists  of  a 
brick    chamber  containing   several    tons  of 


fuel  in  a  state  of  slow  disintegration, 
lar^e    works,    a    considerable    number 


In 
of 


these  gas-producers  are  connected  by  tubes 
or  flues  with  a  number  of  furnaces.  Col- 
lateral advantages  in  this  system  of  heating, 
which  is  now  extensively  used  in  this  and 
other  countries,  are  that  no  smoke  is 
produced,  and  that  the  works  are  not 
encumbered  with  solid  fuel  and  ashes. 

It  is  a  favorite  project  of  mine,  which  I 
have  not  had  an  opportunity  yet  of  carrying 
practically  into  effect,  to  place  these  gas- 
producers  at  the  bottom  of  coal  pits.  A 
gas  shaft  would  have  to  be  provided  to 
conduct  the  gas  to  the  surface,  the  lifting 
of  coal  would  be  saved,  and  the  gas  in  its 
ascent  would  accumulate  such  an  amount 
of  forward  pressure  that  it  might  be  con- 
ducted to  a  distance  of  several  miles  to  the 
works  or  places  of  consumption.  This  plan, 
so  far  from  being  dangerous,  would  insure 
a  perfect  ventilation  of  the  mine,  and  would 
enable  us  to  utilize  those  waste  deposits  of 
small  coal  (amounting  on  the  average  to 
20  per  cent. )  which  are  now  left  unutilized 
within  the  mine. 

Another  plan  of  the  future  which  has 
occupied  my  attention  is  the  supply  of  towns 
with   heating  g  >s  for  domestic  and  manu- 
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factoring  purposes.  In  the  year  1863  a 
company  was  formed,  with  the  concurrence 
of  the  corporation  of  Birmingham,  to  provide 
such  a  supply  in  that  town  at  the  rate  of 
6d.  per  1,00(3  cubic  feet;  but  the  Bill  nec- 
essary for  that  purpose  was  thrown  out  in 
the  Committee  of  the  House  of  Lords 
because  their  Lordships  thought  that  if  this 
was  as  good  a  plan  as  it  was  represented  to 
be,  the  existimg  gas  companies  would  be 
sure  to  carry  it  into  effect.  I  need  hardly  say 
that  the  existing  companies  have  not  carried 
it  into  effect,  having  been  constituted  for 
another  object,  and  that  the  realization  of 
the  plan  itself  has  been  indefinitely  post- 
poned. 

COAL  QUESTION. 

Having  now  passed  in  review  the  prin- 
cipal applications  of  fuel,  with  a  view 
chiefly  to  draw  the  distinction  between  our 
actual  consumption  and  the  consumption 
that  would  result  if  our  most  approved 
practice  was  made  general ;  and  having, 
moreover,  endeavored  to  prove  to  you 
which  are  the  ultimate  limits  of  consump- 
tion which  are  absolutely  fixed  by  theory, 
but  which  we  shall  never  be  able  to  realize 
completely,  I  will  now  apply  my  reasoning 
to  the  coal  question  of  the  day. 

In  looking  into  the  "  Report  of  the  Se- 
lect Committee  appointed  to  inquire  into 
the  Causes  of  the  present  Dearness  of 
Coal,"  we  find  that  in  1872  no  less  than 
123,000,000  tons  of  coal  were  got  up  from 
the  mines  of  England  and  Wales,  notwith- 
standing famine  prices  and  the  colliers' 
strikes.  In  1862  the  total  getting  of  coal 
amounted  to  only  83,500,000,  showing  a 
yearly  average  increase  of  consumption  of 
4,000,000  tons.  If  this  progressive  in- 
crease continues,  our  consumption  will  have 
reached,  thirty  years  hence,  the  startling 
figure  of  250,000,000  tons  per  annum, 
which  would  probably  result  in  an  increase 
of  price  very  much  in  excess  of  limits  yet 
reached.  In  estimating  last  year's  increase 
of  price,  which  has  every  appearance  of  be- 
ing permanent,  at  8s.  per  ton  all  round, 
and  after  deducting  the  13,000,000  tons 
which  were  exported  abroad,  we  find  that  the 
British  consumer  had  to  pay  £44,000,000 
mure  than  the  market  value  of  former 
years  for  his  supply  of  coal — a  sufficient 
sum,  one  would  think,  to  make  him  look 
earnestly  into  the  question  of  "waste  of 
fuel,"  which,  as  I  shall  presently  be  able 
to  show,  is  very  great  indeed.     The  Select 


Committee  just  quoted  sums  up  its  report 
by  the  following  expression  : — "  The  gen- 
eral conclusion  to  be  drawn  from  the  whole 
evidence  is,  that  though  the  production  of 
coal  increased  in  1872  in  a  smaller  ratio 
than  it  had  increased  in  the  years  immedi- 
ately preceding,  yet,  if  an  adequate  supply 
of  labor  can  be  obtained,  the  increase  of 
production  will  shortly  keep  pace  with  that 
of  the  last  few  years." 

This  is  surely  a  very  insufficient  conclu- 
sion to  be  arrived  at  by  a  Select  Parlia- 
men  ary  Committee  after  a  long  and  ex- 
pensive inquiry,  and  the  worst  of  it  is,  that 
it  stands  in  direct  contradiction  with  the 
corrected  table  given  in  the  same  report, 
which  shows  that  the  progressive  increase 
of  production  has  been  fully  maintained 
during  the  last  two  years,  having  amounted 
to  5,826,000  for  1871,  and  5,717,000  for 
1872;  whereas  the  average  increase  during 
the  last  ten  years  has  only  been  4,000, OuO 
tons.  It  is  to  be  hoped  that  Parliament 
will  not  rest  satisfied  with  such  a  negative 
result,  but  will  insist  to  know  what  can  be 
done  to  re-establish  a  proper  balance  be- 
tween demand  and  supply  of  coal  in  pre- 
venting its  conversion  into  smoke  or  other 
equally  hurtful  or  useless  forms  of  energy. 

In  taking  the  11)5  million  tons  of  coal 
consumed  in  this  country  last  year  for  our 
basis,  I  estimate  that,  if  we  could  make  up 
our  minds  to  consume  our  coal  in  a  careful 
and  judicious  manner,  according  to  our 
present  lights,  we  should  be  able  to  reduce 
that  consumption  by  50  million  tons.  The 
realization  of  such  an  economy  would  cer- 
tainly involve  very  considerable  expendi- 
ture of  capital,  and  must  be  a  work  of  time, 
but  what  I  contend  is  that  our  progress  in 
effecting  economy  ought  to  be  accelerated  in 
order  to  establish  a  balance  between  the 
present  production  and  the  ever-increasing 
demand  for  the  effects  of  heat. 

In  looking  through  the  statistical  returns 
of  the  progressive  increase  of  population,  of 
steam  power  employed,  and  of  production 
of  iron  and  steel,  etc.,  I  find  that  our  ne- 
cessities increase  at  a  rate  of  not  less  than 
10  per  cent,  per  annum,  whereas  our  coal 
consumption  increases  only  at  the  rate  of  4 
per  cent.,  showing  that  the  balance  of  6 
per  cent,  is  met  by  what  may  be  called  our 
'*  intellectual  progress."  Now,  considering 
the  enormous  margin  for  improvement  be- 
fore us,  I  contend  that  we  should  not  rest 
satisfied  with  this  rate  of  intellectual  pro- 
gress, which  involves  an  annual  deficit  of 
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4,000,000  tons  to  be  met  by  increased  coal 
consumption,  but  that  we  should  bring  our 
intellectual  progress  up  to  the  rate  of  our 
industrial  progress,  by  which  means  we 
should  make  the  coal  production  nearly  a 
constant  quantity  for  several  generations  to 
come  ;  by  which  time  our  successors  may 
be  expected  to  have  effected  another  great 
step  in  advance  towards  the  theoretical 
limit  of  effect,  which,  as  we  have  seen,  lies 
so  far  above  any  actual  result  which  we 
have  as  yet  attained  to,  that  an  annual  con- 
sumption of  10  million  tons  would  give 
more  than  the  equivalent  of  the  heat  energy 
which  we  actually  consume. 

SOLAR  HEAT. 

I  have  endeavored  to  show,  in  the  early 
part  of  this  lecture,  that  all  available  energy 
upon  the  earth,  excepting  the  tidal  wave, 
is  derived  from  the  sun,  and  that  the 
amount  of  heat  radiated  year  by  year, 
could  be  measured  by  the  evaporation  of  a 
layer  of  water  14  ft.  thick,  spread  over  the 
entire  surface,  which  again  would  be  re- 
presented by  the  combustion  of  a  layer  of 
coal,  covering  our  entire  globe,  1  ft.  in 
thickness.  The  amount  of  heat  radiated 
away  from  the  sun  would  be  represented  by 
the  annual  combustion  of  a  thickness  of 
coal  17  miles  thick,  covering  its  entire  sur- 
face, and  it  has  been  a  source  of  wonder- 
ment with  natural  philosophers  how  so 
prodigious  an  amount  of  heat  could  be 
given  off  year  after  year  without  any  ap- 
preciable diminution  of  the  sun's  heat  hav- 
ing become  observable. 

Recent  researches  with  the  spectroscope, 
chiefly  by  Norman  Lockyer,  have  thrown 
much  light  upon  this  question.  It  is  now 
clearly  made  out  that  the  sun  consists  near 
the  surface,  if  not  throughout  its  mass,  of 
gaseous  elementary  bodies,  and  in  a  great 
measure    of  hydrogen   gas,    which  cannot 


combine  with  the  oxygen  present,  owing  to 
great  elevation  of  temperature  (due  to  the 
original  great  compression),  which  has  been 
estimated  at  from  20,000  deg.  to  22,000  deg. 
Fahr. 

This  chemically  inert  and  comparatively 
dark  mass  of  the  sun  is  surrounded  by 
the  photosphere  where  the  gaseous  constitu- 
ents of  the  sun  rush  into  combustion,  owing 
to  reduction  of  temperature  in  consequence 
of  their  expansion  and  of  radiation  of  heat 
into  space  ;  this  photosphere  is  surrounded 
in  its  turn  by  the  chromosphere,  consisting 
of  the  products  of  combustion,  which,  after 
being  cooled  down  through  further  loss  of 
heat  by  radiation,  sink  back,  owing  to  their 
acquired  density,  towards  the  centre  of  the 
sun,  where  they  become  again  intensely 
heated  through  compression,  and  are  dis- 
sociated or  split  up  again  into  their  elements 
at  the  expense  of  internal  solar  heat.  Gr^at 
convulsions  are  thus  continually  produced 
upon  the  solar  surface,  resulting  frequently 
in  explosive  actions  of  extraordinary  mag- 
nitude, when  masses  of  living  fire  are  pro- 
jected a  thousand  miles  or  more  upward, 
giving  rise  to  the  phenomena  of  sun  spots 
and  of  the  corona  which  is  visible  during 
the  total  eclipses  of  the  sun.  The  sun  may 
therefore  be  looked  upon  in  the  light  of  a 
gigantic  gas-furnace,  in  which  the  same  ma- 
terials of  combustion  are  used  over  and  over 
again. 

It  would  be  impossible  for  me  at  this 
late  hour  to  enter  deeper  upon  speculations 
regarding  the  "  regeneration  of  the  sun's 
heat  upon  its  surface,"  which  question  is 
replete  with  scientific  and  also  practical 
interest,  because  Nature  is  our  safest  teacher, 
and  in  comprehending  the  great  works  of 
our  Creator  we  shall  learn  how  to  utilize  to 
the  best  advantage  those  stores  of  potential 
energy  in  the  shape  of  coal  which  have 
providentially  been  placed  at  our  disposal. 
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From  the  "American  Manufacturer. 


For  some  two  or  three  weeks  past  there 
has  been  going  the  rounds  of  some  of  the 
papers  an  article  that  had  its  origin  in  one 
of  our  city  papers,  and  which  purports  to 
give  the  views  of  a  practical  man  as  to 
certain  erroneous  opinions  entertained  by 
steel  workers  in  regard  to  overheated  steel. 
The  article  referred  to  starts  off  by  saying 


that  "many  of  the  best  informed  iron  and 
steel  manufacturers,  instead  of  understand- 
ing the  nature  of  iron  and  steel,  really 
know  but  comparatively  little  about  either, 
having  only  acquired,  as  it  were,  but  the 
alphabet  of  the  business."  After  this  the 
article  proceeds  to  give  the  opinion  of  a 
"  practical  man  "  on  one  important  point  in 
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the  -working  of  steel,  and  in  a  manner  that 
leaves  one  to  understand  that  the  "practical 
man  "  has  discovered  something  not  here- 
tofore known  about  the  working  of  steel. 

This  "  practical  man  "  is  said  to  have  an 
experience  of  forty  years  over  the  forge,  and 
who,  according  to  his  own  statement, 
walked  in  the  traditional  grooves  trod  by 
his  predecessors,  and  without  question 
accepting  the  common  theories  of  the  craft, 
until  accident  afforded  him  an  opportunity 
to  examine  into  some  things,  which  led  to 
a  conclusion  differing  wholly  from  the  com- 
monly received  opinions  of  his  fellow- 
craftsmen.  We  give  the  body  of  the  article 
itself,  with  our  further  comments   upon  it : 

"According  to  our  informant,  in  the 
language  of  the  shop,  when  a  piece  of  steel 
is  overheated  and  flies  to  pieces  under  the 
hammer,  it  is  cast  aside  as  worthless,  the 
opinion  obtaining  that  the  life  is  burned  out 
of  it.  This  jargon  of  the  shop  is  not  un- 
familiar to  us.  We  hear  it  every  day 
among  iron  workers.  Our  old  steel  worker 
informs  us  that  experience  has  demonstrated 
to  him  the  incorrectness  of  this  conclusion, 
as  commonly  applied  to  steel.  His  state- 
ment will  be  regarded  in  some  quarters  as 
opposed  to  the  recognized  principle  upon 
which  the  steel  manufacturer  bases  his 
operations.  In  substance  it  amounts  to 
this :  That  the  heat  ordinarily  derived 
from  a  forge  cannot,  as  an  agency,  affect 
the  character  of  the  steel ;  that  steel  is  not 
injured  by  overheating  in  the  forge,  and  no 
absolute  loss  can  ensue,  save  the  low  per- 
centage lost  in  scales,  as  in  the  working  of 
all  hard  metals. 

"  Our  old  steel  worker's  mode  of  reason- 
ing is  so  .simple  that  we  present  it  as  we 
received  it  from  him.  Beginning  with  the 
manufacture,  he  argues  (what  all  will 
acknowledge)  that  no  forge  can  produce  a 
heat  of  half  the  intensity  at  which  the 
metal  is  poured  into  the  flaeks.  Where 
steel  is  subject  to  intense  heat  in  the  forge, 
/the  moment  the  hanger  strikes  it  it  parts, 
not  because  the  principle  is  in  any  manner 
changed,  but  simply  because  it  possesses 
less  cohesive  power.  If,  instead  of  throw- 
ing the  steel,  thus  easily  broken,  aside,  in 
the  belief  that  it  is  ruined,  the  worker  in 
steel  will  permit  it  to  lie  on  his  anvil  until 
it  falls  to  a  lower  temperature,  he  will  find 
that  he  can  do  what  he  pleaees  with  it; 
that  it  has  not  been  in  any  way  injured  by 
the  overheating.  To  prove  this,  it  is  only 
necessary  to   take  up   any  of  the  pieces  pf 


steel  thus  cast  aside  as  worthless,  reheat 
them,  and  place  them  under  the  hammer, 
when  it  will  be  found  that  they  can  be 
drawn  down  in  precisely  the  same  manner 
as  before  the  overheating  process.  Any 
workman  employed  at  the  numerous  forges 
in  this  city,  in  making  steel  hammers,  can 
satisfy  himself  upon  this  point  in  half  an 
hour's  time.  Let  him  take  up  a  fragment 
of  the  steel  which,  when  he  endeavored  to 
punch  the  eye  of  the  hammer,  flew  to  pieces, 
reheat  it,  and  see  if  he  cannot  work  it  as 
before  ;  if  he  can  do  this  it  follows  then  that 
the  large  percentage  of  waste  growing  out 
of  overheating  is,  in  effect,  inexcusable 
where  the  truth  is  known." 

The  argument  set  forth  in  the  above  is, 
that  as  cast  steel  *,hat  has  been  overheated 
can  be  still  further  worked  under  the 
hammer,  that  it  has  therefore  not  lost  any 
of  its  qualities  as  steel ;  that  because  he 
has  found  out  after  "  forty  years  expended 
over  the  forge  "  that  a  piece  of  steel  that 
has  been  overheated,  if  allowed  to  lie 
without  hammering  or  other  working  until 
it  would  cool  off  to  the  temperature  at 
whicli  it  sliould  have  been  heated,  that  it 
has  therefore  not  deteriorated.  Our  "  prac- 
tical man  "  seems  to  suppose  that  because 
he  can,  by  a  coaxing  process,  still  work 
steel  that  has  bten  overheated,  that  it  has 
Therefore  no  other  end  to  serve  beyond,  and 
that  the  fact  of*  its  still  retaining  its  previous 
qualities  is  there  proven. 

The  fact  still  stands,  and  always  will 
stand,  that  when  steel  has  been  overheated 
in  the  forge  or  in  the  heating  furnace, 
it  has  lost  very  greatly  in  that  which 
constituted  its  peculiar  qualities;  that  if  it 
is  afterwards  applied  to  any  or  most  of  the 
finer  purposes  for  which  steel  is  used 
it  will  be  found  to  fall  short  of  the  require- 
ments of  the  case.  The  overheating  or 
burning  of  good  cast  steel  transforms  its 
fine  grain  to  coarse  granular  particles, 
coarser  in  proportion  as  it  has  been  over- 
heated or  burned.  This  transformation 
may,  to  some  extent,  be  arrested  by  the 
use  of  various  chemicals,  frequently  used  as 
a  means  of  economy  in  preventing  so  great 
a  loss  in  the  burned  steel.  But  it  is  never- 
theless true  that  steel  is  more  or  less 
injured  by  overheating.  A  piece  of  steel 
formed  into  a  tool  for  turning  chilled  rolls 
would  be  found  greatly  deficient  aiterwards, 
were  it  overheated  in  the  forge  fire,  or  the 
same  might  be  said  in  most  cases  were  it 
made   into    taps  or  dies,  for  nut  aud  acrew 
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cutting,  where   it  would  have  to   cut  hun-  I 
dreds  of  nuts  or  screws  per  day  in  a  machine 
for  that  purpose.     It  is  only  sophistry,  and  j 
proven  so  by  much  experience,  that  because  i 
steel,   in  its  manufacture,  was  at  a  molten  l 
heat,  that  no  heat  short  of  that  afterwards  ! 
could  alter  its  nature ;  while  its  nature  is 
undoubtedly  given    to  it  there,  it  must  not ' 
be    argued  that   nothing  less  than  a  close  I 
approach  to  that  high  heat  again  can  alter  j 
its  nature.     In  that  case  it  might  be   said 
that   because    a  roll  was  given   a    chilled 
surface  in  the  casting  that  it  could  not  be  j 
altered  in  its  nature  as  a  chilled  roll  by  any  j 
subsequent  heating,  which  has  been  demon- 
strated  as  not  to  be  the  case.     For  where 
chilled  cast  iron  has  been  heated  to  a  bright 
red  color,    while  not  wholly  altered  in  its 
n  iture,  it  is  found  to  be  very  much  changed. 
This  "  practical  man  "  seems  to  have   had 
his  experience  in  steel  working  more  par- 
ticularly in  the  fashioning  of  hammers,  and 
that  because  he  has  discovered  that  a  piece 
of  steel   intended  to    form    a  hammer,    if 
overheated,  can  still,  if  allowed  to  cool  off 


to  a  proper  working  temperature,  be  punched 
as  readily  as  if  it  had  been  properly 
heated,  endeavors  to  impress  upon  the 
world  of  steel  workers  and  users,  that  it  is 
for  any  and  every  purpose  fully  capable  of 
all  the  requirements  of  good  steel.  Men 
employed  at  a  hundred  arts  in  which  care- 
fully worked  steel  must  be  used  would  tell 
our  "  practical  man  "  that  while  the  over- 
heating or  burning  of  steel  does  not  ruin- 
ously destroy  its  quality  of  strength  or 
tenacity  of  particles  forming  it,  it  wholly 
unfits  it  for  their  special  purposes,  and  that 
its  loss  is  not  solely  in  the  "  low  per- 
centage of  scale"  formed  on  it  by  over- 
heating, but  that  there  is  an  absolute  loss 
in  quality. 

The  erroneous  opinion  conveyed  in  the 
foregoing  article  is  intended  to  give  in- 
formation without  any  use  of  scientific  phra- 
seology, and  while  we  might  perhaps  more 
scientifically  give  the  deterioration  and 
consequent  change  of  quality  in  the  material 
in  question,  we  have  thought  best  to  do  it 
simply  and  divested  of  all  such. 


UTILIZING  THE  HEAT  OF  LIME-KILNS* 


From  the  "The  English  Mechanic  and  World  of  Science." 

that  the  great  value  of  lime-kiln  heating  is 
made  apparent.  I  do  not  claim  for  it 
merely  a  greater  degree  of  economy  than 
other  systems  ;  I  claim  "for  it  the  merit  of 
heating  any  extent  of  buildings  by  hot 
much  higher.  But  the  great  water  entirely  free  of  cost,  except  the  fi  st 
the   first   cost  is  not,  after  all,    outlay  for  materials  and  construction  of  the 

stoke-hole 


Within  a  short  period  almost  all  the 
materials  used  for  heating  have  been 
doubled  in  price.  This,  of  course,  in  a 
material  degree,  increases  the  first  cost,  and 
especially  when  we  consider  that  labor  has 
also  become 
increase    in 

such  a  serious  matter  as  the  enormous 
increase  which  has  taken  place  in  the  price 
of  fuel.  When  a  building  has  been  fitted 
with  a  good  heating  apparatus,  the  ex- 
pense may  reasonably  be  expected  to  be 
done  with  for  years,  but  this  is  not  the 
case  with  fuel,  which  is  a  continual 
and  a  heavy  tax.  A  great  deal  has  been 
done  in  the  way  of  introducing  boilers 
calculated  to  economize  heat  and  save  fuel ; 
but  still,  as  some  one  has  remarked,  "  no 
more  than  a  certain  amount  of  heat  can  be 
got  out  of  a  given  quantity  of  fuel,  econo- 
mize it  as  you  will. "  Consequently,  with 
the  best  boiler  that  can  possibly  be  procured 
a  considerable  quantity  of  fuel  must  be 
consumed  in  comparison  with  the  extent  of 
buildings  to  be  heated.     And  it  is  just  here 


*  Read  by  Mr.  Cowan  before  the  Dublin  Horticultural  Club. 


apparatus.  The  depth  of  the 
required  is,  of  course,  greater  than  would  be 
the  case  for  a  boiler  only,  but  very  little 
more  than  is  needed  for  a  tubular  boiler, 
from  10  ft.  to  12.  ft.  under  the  level  of  the 
flow  pipes  will  admit  of  a  good-sized  appa- 
ratus being  fixed;  13  ft.,  with  a  proper 
boiler,  would  be  sufficient  for  an  apparatus 
to  heat  3,000  ft.  of  4  in.  piping.  Much  less 
could  be  made  to  do,  but  it  would  not  be  so 
satisfactory:  The  kiln  is  built  very  much 
in  the  shape  of  an  egg,  with  the  narrow 
end  downwards,  and  is  lined  inside  with 
firebricks  or  other  suitable  material ; 
another  wall  is  carried  up  at  the  same 
time  and  of  the  same  form  as  the  one 
forming  the  kiln,  but  with  an  intervening 
space  of  about  9  in.  This  space  is  filled  up 
with  sand  as  the  two  walls  are  carried  up, 
the  sand  being  put  there  for  the  purpose  of 
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retaining  the  heat,  which  it  does  most 
effectually.  When  the  kiln  has  been  car- 
ried to  the  proper  height,  a  hot  water 
boiler  is  placed  on  the  top,  and  built  in  just 
the  usual  way,  but  of  course  there  are  no 
fire-liars  required,  and  only  one  door;  this 
door  is  the  place  at  which  all  the  fuel  and 
stones  are  put  in,  and  the  burned  lime  is 
drawn  out  at  the  bottom,  a  small  opening 
being  left  there  for  that  purpose,  just 
sufficient  to  admit  of  a  shovel  being  intro- 
duced. The  working  of  the  apparatus  is 
extremely  simple,  and  may  be  taught  to 
any  ordinary  garden  laborer  in  a  very 
short  time.  When  the  extent  of  building 
to  be  heated  is  not  great,  I  recommend  the 
use  of  the  ordinary  saddle  boiler,  on  account 
of  its  cheapness  and  durability;  and  the 
boiler  which  I  have  designed  especially  for 
the  use  of  this  system  is  simply  a  saddle 
boiler  with  some  additions  to  it,  to  make  it 
better  adapted  to  this  system.  In  order 
that  the  merits  of  this  boiler  may  be  appre- 
ciated, it  must  be  understood,  that  when 
anthracite  coal  is  used  there  is  almost  no 
smoke  and  scarcely  any  soot  to  collect  in 
the  flues,  consequently  the  great  object  is 
to  confine  the  heat  sufficiently  long  about 
the  boiler  until  the  greater  part  of  it  has 
been  utilized,  and  it  will  at  once  be  seen 
that  this  boiler  is  eminently  calculated  to 
attain  this  end ;  it  has,  besides,  the  undeni 
able  advantage  of  being  low,  and  conse- 
quently does  not  increase  the  necessity  for 
depth  of  stoke-hole  to  a  very  great  degree. 

But,  it  may  be  asked,  why  place  the 
boiler  on  the  top  of  the  kiln  ?  why  not  form 
the  whole,  or  at  least  a  part  of  the  kiln 
with  the  boiler?  and  thus  have  the  fire 
right  in  the  centre  of  it.  A  very  good 
answer  to  these  questions  has  been  fur- 
nished by  Mr.  OoLis  of  Millmount, 
Kilkenny. 

Mr.  Oollis  says  that  the  kiln  which  he 
has  worked  for  four  years  is  3  ft.  6  in.  in 
diameter,  and  12  ft.  high.  The  boiler,  a 
horizontal  tubular  one,  is  4  ft.  high,  and 
encircles  the  kiln  near  the  top,  the  mouth 
being  left  open,  and  the  smoke  and  smell 
allowed  to  make  the  best  of  their  way  out 
of  the  place.  This  kiln  and  boiler,  Mr. 
Collis  tells  us,  are  capable  of  heating  1,000 
ft.  of  4-in.  pipe  sufficiently  for  ordinary 
forcing  purposes ;  and,  as  he  wished  to 
heat  2,000  ft,  he  had  to  supplement  it  this 
spring  with  an  ordinary  3- ft.  tubular 
boiler.  Thus,  all  that  Mr.  Collis  has  been 
able  to  accomplish  with  his  kiln  hitherto  is 


to  heat  1,000  ft.  of  4-in.  piping.  I  wish 
particular  attention  to  be  paid  to  this  state- 
ment, for  he  tells  us  that  to  accomplish 
this  he  had  to  burn  2  tons  of  culm  per 
week  ;  and  more  wonderful  still,  he  only 
burnt  3  tons  of  stone  with  his  2  tons  of 
culm.  To  burn  3  tons  of  stone  in  our 
kilns  at  Dromore,  we  require  just  14  cwt. 
of  culm,  and  that  amount  heats  to  any  re- 
quired degree,  with  an  ordiuary  saddle 
boiler,  1,000  ft.  of  4-in.  piping;  so  that 
Mr.  Oollis  requires  just  three  times  the 
amount  of  fuel  to  burn  the  same  quantity 
of  lime,  and  to  accomplish  the  same  amount 
of  heating,  which  we  do,  and  a  boiler  prob- 
ably three  times  the  cost  of  ours.  The  one 
he  is  building  in  now  cannot  have  cost 
much  less  thau  £200,  and  calculating  by 
the  same  scale  which  he  gives  us  for  the 
first,  must  burn  about  10  tons  of  culm  per 
week  in  order  to  heat  5,000  ft.  of  4-in. 
pipe.  Culm  costs  him  only  8s.  6d.  per  ton  ; 
but  how  would  the  case  stand  if  it  cost 
him,  as  it  does  us,  25s.  per  ton  ?  Add  to 
this  the  smoke  and  disagreeable  smell 
which  must  come  from  ah  open  kiln  con- 
suming such  an  enormous  quantity  of  fuel, 
and  you  have  a  perfect  picture  of  that 
which  has  been  put  forth  in  one  of  our 
leading  gardening  papers  to  prove  that  the 
system  which  I  am  advocating  is  not  new. 
Mr.  Collis  says  he  does  not  believe  that 
heat  can  be  had  free  of  cost  in  his  locality. 
Why,  if  I  were  in  his  locality,  I  should 
expect  to  make  a  handsome  profit  from  the 
lime  besides  having  the  heat  free.  With 
regard  to  the  position  of  the  boiler  inside  or 
on  the  top  of  the  kiln,  it  is  well  to  bear  in 
mind  the  following  fact :  Wl.en  a  kiln  is 
formed  of  firebrieks,they  get  heated  to  a 
very  high  temperature,  and  very  materially 
assist  in  the  burning  of  lime  ;  but  this  is 
not  the  case  with  a  hot  water  boiler — it  is 
kept  comparatively  cool  by  the  circulating 
of  the  water,  and  thus  in  place  of  assisting 
in  the  burning  of  the  lime,  as  the  bricks 
do,  it  very  materially  hinders  it — so  much 
so  that  Mr.  Collis  informs  us  that  it  causes 
the  consumption  of  three  times  the  amount 
of  fuel ;  and  there  is  another  cause  for 
Mr.  Collis'  want  of  heating  power  in  pro- 
portion to  the  amount  of  fuel  consumed, 
namely,  that  the  greater  part  of  his  heat 
passes  off  by  the  mouth  of  the  kiln.  I  think, 
then,  that  what  1  have  stated  will  go  far  to 
prove  that  the  top  of  the  kiln  is  the  right 
place  for  t  he  boiler,  and  as  my  patents  secure 
me    equally  well  in  putting  it  inside  the 
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kiln,  you  will  see  that  I  am  only  actuated 
by  a  desire  to  show  the  best  means  of  ob- 
taining* the  desired  end.  In  order  that  the 
kilns  may  be  allowed  to  continue  burning, 
and  the  heat  at  the  same  time  turned  otf 
the  building  which  they  are  heating,  I 
propose  to  fix  the  supply-cistern  somewhat 
near  the  boiler,  and  to  have  it  somewhat 
larger  than  usual;  into  this  cistern  I  pro- 
pose to  take  two  pipes  in  place,  of  one, 
one  from  the  flow,  and  one  from  the  return 
pipes,  and  when  the  water  is  shut  off  all 


the  buildings,  it  will  circulate  into  the  cis- 
tern, and  the  house  can  thus  be  kept  quite 
cool,  and  at  the  same  time  abundance  of 
heat  kept  at  hand  to  turn  on  at  a  mo- 
ment's notice.  This  is  a  very  simple  ar- 
rangement, and  not  at  all  expensive,  and 
will  secure  perfect  command  of  the  heat  at 
all  times.  In  conclusion,  I  may  state  that  I 
expect  this  system  of  heating  horticultural 
buildings  will  bring  about  a  very  consider- 
able change  in  the  production  of  fruit  and 
flowers  in  this  and  other  countries. 


THE  METALLUKGY  OF  STEEL. 

BtTHOS.  m.  drown. 
From  the  "American  Exchange  and  Review." 


What  is  steel?  This  question  is  now 
being  earnestly  asked  on  all  sides.  The 
answers  are  numerous,  but  all  fail  to  give 
universal  satisfaction.  The  difficulty  lies  in 
the  many-sidedness  of  the  subject.  First, 
there  is  diversity  of  chemical  composition  ; 
second,  of  physical  characters  ;  and  third, 
of  mode  of  manufacture.  It  may  well  be 
considered  impossible  to  give  a  definition  of 
steel  which  would  include  all  these  various 
conditions  and  at  the  same  time  be  terse  and 
useful.  The  difficulty  is  one,  too,  which 
has  only  recently  presented  itself,  owing  to 
the  multiplication  of  new  steel  processes, 
so-called,  and  of  new  methods  of  manufac- 
t  ire.  When  we  fairly  comprehend  the 
nature  and  complexity  of  the  subject,  it  is 
evident  that  it  is  a  new  name  we  want,  not 
a  new  definition.  This  whole  confusion 
and  uncertainty  as  to  what  steel  really  is 
has  arisen  since  improved  processes  have 
enabled  us  to  melt  iron  per  se,  or  with  but 
a  very  small  amount  of  carbon.  This  homo- 
geneous product,  which  is  not  wrought  iron 
in  the  ordinary  acceptation  of  that  term, 
soon  obtained  the  name  of  steel  merely 
frv>m  the  fact  that  it  was  "  cast  into  a 
malleable  ingot."  It  is  this  product  for 
which  we  need  a  new  name.  No  confu- 
sion of  ideas  exists  regarding  the  nature  or 
properties  of  blister  steel.  From  its  mode 
of  production  we  know  that  it  is  a  carbu- 
rized  iron,  and  that  the  degree  of  carburiza- 
tion  depends  on  conditions  well  understood 
and  under  control.  When  this  blister  steel 
is  piled  into  fagots,  heated  and  rolled  out, 
we  have  shear  steel — a  better  term,  for 
analogy's  sake,  would  be  wrought  steel ; 
and,  when  it  is  melted  and  cast  into  ingots, 


we  have  cast  steel ;  or,  we  may  simply  melt 
together  wrought  iron  and  substances  con- 
taining carbon  in  a  crucible,  and  we  have 
a  product  which  no  one  hesitates  to  call 
cast  steel.  Again,  iron  produced  in  the 
puddling  furnace  obtains  the  name  wrought 
iron ;  and  when  melted,  by  whatever  means, 
and  cast  into  ingots,  would  naturally  be 
called  cast  iron,  were  that  name  not  already 
appropriated.  The  terms  mild  and  hard, 
high  and  low  steels,  steely  iron,  etc.,  have 
their  origin  in  the  attempt  to  define  these 
products  with  more  precision,  but  they  are 
not  entirely  satisfactory.  In  fact,  the  whole 
subject  of  the  metallurgy  of  steel  is  in  a 
very  crude  state.  We  not  only  have  no 
nomenclature  and  no  classification,  but  we 
know  very  little  of  the  real  nature  of  steel. 
In  contemplating  the  immense  number  of 
steel  processes  we  are  apt  to  lose  sight  of 
the  fact  that  steel,  par  excellence,  is  a  com- 
bination of  iron  and  carbon,  and  that  the 
difference  between  steel  and  wrought  iron 
on  the  one  hand,  and  cast  iron  on  the  other, 
is,  in  the  main,  a  chemical  one.  That  we 
cannot  draw  the  lines  of  demarcation  sharply 
and  say  here  wrought  iron  ceases  and  steel 
begins,  and  there  steel  ceases  and  cast  iron 
begins,  is  unfortunate ;  but  the  essential 
difference  of  properties  is,  on  the  whole, 
well  marked.  There  is  nothing  inherently 
peculiar  or  mysterious  in  steel.  The  effect 
of  adding  carbon  to  iron  is  well  understood. 
It  renders  iron  harder  and  diminishes  its 
malleability,  and  the  degree  of  its  action  is 
proportional  to  its  amount.  The  transition 
from  soft  iron  to  steel  is  at  the  point  at 
w.iich  we  notice  incipient  hardening  ;  the 
transition  from  steel  to  cast  iron  is  at  the 
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point  where  the  steel  ceases  to  be  mallea- 
ble. The  hardness  of  steel  is  due  doubt- 
less to  the  chemical  combination  of  the  iron 
with  the  carbon,  a  condition  effected,  ordi- 
narily, by  heating  and  sudden  cooling. 
Annealing — heating  and  slow  cooling — 
softens  steel  by  allowing  a  part  of  the  car- 
bon to  separate  from  its  chemical  union 
with  the  iron.  The  difference  between  cast 
iron  and  steel,  leaving  out  of  consideration 
extraneous  substances,  is  therefore  one  of 
degree  only.  It  matters  not  how  the  steel 
may  be  produced  ;  if  it  is  malleable,  and 
yet  contains  enough  carbon  when  com- 
bined to  render  it  hard,  the  product  is 
steel. 

When  we  confine  ourselves  to  the  study 
of  this  typical  carbon  steel  the  subject  is 
plain  enough ;  it  is  only  when  we  bring 
into  the  field  of  study  other  steels,  that  the 
complexity  becomes  embarrassing.  As  far 
as  Bessemer  and  open  hearth  steels  are 
concerned,  there  is  no  reason  why  we 
should  apply  any  other  rule  than  that  al- 
ready mentioned,  viz.,  if  the  product  con- 
tains enough  carbon  to  harden  it,  and  not 
enough  to  destroy  its  malleability,  it  is  un- 
doubtedly steel.  It  is  difficult  to  see  how 
the  mode  of  production  can  in  any  way 
affect  the  question.  There  are,  how- 
ever, steels,  so-called,  which  owe  their 
properties  to  other  elements,  as  titanium, 
tungsten,  chromium,  and  many  others.  Are 
we  to  consider  these  as  distinct  species  of 
steel — the  tungsten,  titanium,  etc.,  replacing 
carbon — or  are  they  simply  carbon  steel 
with  modified  properties  due  to  the  pres- 
ence of  a  new  element  ?  This  question  is 
one  which  in  the  present  state  of  our  knowl- 
edge cannot  be  answered.     Notwithstand- 


ing that   steels 
have    been   for 


brought 


bearing  the 
many    years 


above  names 
prominently 


into  notice,   and  have   for  a  time 


been  regular  articles  of  manufacture,  the 
amount  of  our  knowledge  on  the  subject  is 
lamentably  small.  The  fact  probably  is, 
that  these  subst  mces  modify  a  carbon  steel ; 
the  existence  of  a  true  steel  free  from  car- 
bon has  not,  as  far  as  we  know,  been  yet 
produced.  There  is  no  field  of  investiga- 
tion in  iron  metallurgy  which  promises 
such  valuable  scientific  and  practical  results 
as  the  study  of  the  effects  of  various  ele- 
ments on"  the  properties  of  carbon  steel. 
Our  knowledge  on  this  point  is  almost 
nothing,  and  the  mystery  that  is  thro.vn 
around  the  subject  is  turned  to  good  ac- 
count by  ignorant  men  and  charlatans.  A 
more  subtle  investigation,  but  one  equally 
promising,  is  the  effect  of  occluded  g  ses — 
carbonic  oxide,  carbonic  acid,  and  hy- 
drogen— in  steel.  The  discoveries  of  Gra- 
ham and  Parry  have  indicated  an  en- 
tirely new  line  of  research  in  this  direction, 
one  which  can  scarcely  fail  to  result  it 
valuable  practical  results.  The  countenance 
that  is  often  given  by  intelligent  men  to 
names  founded  on  error  or  gross  ignorance 
can  not  be  too  severely  condemned.  A 
notable  example  of  this  practice  is  found  in 
the  so-called  "  silicon "  steel.  This  is  a 
product  made  from  pig  iron  in  a  puddling 
furnace,  with  the  addition  of  a  highly  sili- 
cious  rock  containing  some  iron  and  alu- 
mina. Leaving  out  of  consideration 
whether  the  product  is  steel  or  not,  there 
certainly  is  no  reason  to  believe  that  there 
is  any  silicon  in  it ;  and  the  use  of  the  term 
is  therefore  to  be  regretted  as  leading  to 
misconception,  and  adding  more  confusion 
to  an  already  well-embarrassed  subject. 
We  might  as  well  call  all  crucible  steel 
manganese  steel,  because  oxide  of  manga- 
nese is  put  iuto  the  pot,  as  to  call  a  sub- 
stance "  silicon "  steel  because  there  is 
plenty  of  silica  in  the  cinder. 


THE  GALVANIC  BATTEEY  AS  AN  ANTI-INCRUSTATOE. 


From  tho  " 

The  high  price  of  coals  has 
boiler-owners  more  ready  to  listen  to  pro- 
posed remedies  for  incrustation  than  they 
were,  as  a  rule,  when  fuel  was  cheap  ;  and 
so  far  the  present  high  price  is  an  evil 
which  has  at  least  one  redeeming  feature. 
S^am-users  know  as  well  as  any  one  that  a 
boiler  th.ckly  coated  with  scale  requires 
more  fuel  than  it  did  when  new  and  clean, 


English  Mechanic  and  World  of  Science." 

rendered  and  they  also  know  that  by  permitting  this 
scale  to  accumulate,  they  are  gradually  but 
surely  destroying  their  boilers.  So  long  as 
fuel  is  cheap,  however,  little  effort  will  be 
made  to  spare  the  requisite  time  for  clean- 
ing, and  the  coals  go  on  and  the  plates  are 
burned  while  the  scale  thickens  apace  till 
there  is  a  failure  to  make  the  requisite 
quantity  of  steam,  or  something  worse.     In 
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what  we  have  to  say  here,  we  do  not  spe- 
cially address  this  class  of  steam-users — a 
class  who  will  not  listen  to  any  improve- 
ment in  the  routine  of  their  daily  practice, 
unless  it  promises  immediate  results  on  the 
right  side  of  their  books,  without  entailing 
extra  trouble  on  themselves.  To  those  users 
of  steam  who  are  ever  ready  to  do  what 
they  can  to  test  the  efficiency  of  asserted 
improvements  in  the  working  of  boilers,  we 
may  address  a  few  words  on  a  method  of 
preventing  incrustation,  which,  if  all  that 
we  have  heard  be  true,  is  at  least  worth 
a  trial.  We  have  already  referred  in  a  pre- 
vious article  to  the  advantages  said  to  ac- 
crue from  the  use  of  tannate  of  soda,  which 
is  alleged  to  loosen  old  scale  and  prevent 
the  formation  of  new.  The  application  of 
this  salt,  like  most  other  proposed  remedies, 
is  sometimes  attended  with  inconvenience, 
and  is  always  liable  to  abuse  or  neglect  on 
the  part  of  the  attendant.  The  remedy  we 
have  now  to  mention  is  that  of  the  galvanic 
battery,  which  is  asserted  to  have  acted  in  a 
remarkably  satisfactory  manner  in  America. 
The  use  of  the  "battery"  for  this  purpose 
has,  if  we  recollect  rightly,  been  patented  in 
this  country ;  but  unfortunately  for  the 
patentee,  we  doubt  whether  he  can  claim 
more  for  his  invention  than  his  own  special 
or  peculiar  mode  of  applying  the  current; 
for  the  application  of  the  galvanic  battery  to 
this  purpose  is  a  tolerably  old  idea  now, 
though,  for  some  reason  or  other,  it  has 
rarely  been  put  in  force.  It  is  from  Amer- 
ica that  we  hear  of  the  remarkable  success 
that  has  attended  the  employment  of  the 
electric  current,  not  only  for  preventing  the 
formation  of  scale  as  scale,  but  also  for  re- 
moving it  when  formed.  One  of  the  rail- 
way companies  running  from  Chicago  has, 
it  appears,  had  the  "  battery "  in  use  on 
about  one  hundred  locomotives  for  several 
years,  with  results  more  or  less  satisfactory 
— the  want  of  uniformity  being,  it  is  assert- 
ed, occasioned  by  the  neglect  of  some  of  the 
attendants.  A  correspondent  of  one  of  the 
American  papers  says  he  has  seen  a  loco- 
motive which  had  been  doing  duty  for  five 
years  without  any  repairs  being  needed  to 
the  boiler,  and  which,  when  inspected  and 
thoroughly  overhauled,  was  found  perfectly 
clean  inside  the  shell,  with  a  fire-box  in 
good  order,  and  with  only  a  dozen  tubes 
that  required  to  be  replaced.  It  is  alleged 
that  not  only  does  the  application  of  the  bat- 
tery prevent  incrustation,  and  remove  it 
when   formed,    but    it   also    preserves   the 


characteristic  qualities  of  the  metal.  Thus 
we  are  told  that  pieces  of  plate  from  the  fire- 
boxes of  engines  carrying  the  battery  re- 
tained their  soft,  tough,  and  fibrous  nature, 
and  were  capable  of  withstanding  bending 
backwards  and  forwards  without  breaking  ; 
whereas,  pieces  taken  from  similar  posi- 
tions in  locomotives  not  furnished  with  a 
galvanic  battery,  could  be  easily  broken 
with  a  hammer,  like  cast  iron,  the  metal  be- 
ing white  and  crystalline.  Whether  this  re- 
salt  is  attributable  to  the  fact  that  the 
plates  are  kept  clean,  and,  consequently, 
comparatively  cool  from  contact  with  the 
water,  or  to  some  specific  and  preservative 
aotion  of  the  electric  current  on  the  metal 
itself,  is  immaterial  to  the  point  at  issue  ; 
for  the  result  is  unquestionably  due  to  the 
battery,  directly  or  indirectly. 

This  plan  of  preventing  incrustation  has 
been  adopted  in  different  parts  of  America 
for  all  descriptions  of  boiler,  and  with  re- 
sults more  or  less  satisfactory,  according  to 
the  attention  given  to  the  apparatus.  The 
ordinary  Daniell  cell  is  the  element  which 
has  been  principally  employed,  and,  conse- 
quently, neglect  of  the  battery  has  often  re- 
sulted in  disappointment,  as  regards  its  ef- 
fects on  the  boiler;  while  the  prejudices  of 
many  of  the  attendants  have  been  much 
against  its  more  general  adoption,  and  we 
hear  of  locomotive-drivers  breaking  the 
wires  of  the  battery  on  the  approach  of  a 
storm,  because  "  they  draw  the  lightning." 
Compared  to  any  of  the  really  serviceable 
anti-incrustators  in  the  market,  or  to  any  of 
the  time-honored  methods  of  removing  scale, 
attaching  a  battery  and  keeping  it  at  work 
must  be  at  once  more  economical  and  less 
inconvenient,  merely  involving  the  usual 
periodical  blowing  out.  Various  methods  of 
connecting  the  battery  to  the  boiler  have 
been  tried,  but  the  principle  of  all,  we  be- 
lieve, is  to  connect  one  pole  with  the  water, 
the  other  with  the  outer  surface  of  the  shell. 
It  must  not,  however,  be  assumed  that  the 
passage  of  the  current  destroys  the  scale- 
producing  substances ;  all  that  is  asserted  is 
that  it  prevents  them  adhering  to  the  sides 
or  caking  together  at  the  bottom  of  the 
boilers.  It  is  obvious,  therefore,  that  the 
plan  depends,  in  some  measure,  on  the  care 
and  attention  bestowed  on  the  operation  of 
blowing  out*  A  passage  in  Mr.  Wilson's 
"  Treatise  on  Steam  Boilers,"  which  we  re- 
produced on  p.  444,  would  appear  to  show 
that  he  is  inclined  to  attribute  the  results, 
said  to  be  obtained  by  the  battery,  to  other 
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and  very  different  means  ;  but,  so  far  as  we 
know,  few  experiments  in  this  direction  have 
been  carried  out  in  this  country,  and  those 
under  the  disadvantage  of  comparative  ig- 
norance of  the  agent  employed.  But,  at 
any  rate,  the  experiments  are  worth  renewed 
trial,  and  especially  if  it  be  true  that  results 
so  satisfactory  have  been  obtained  in  the 
United  States. 


IRON  AND  STBKL  NOTES. 

Manufacture  of  Iron  Plates. — The  rolling 
of  armor- plates  lias  assumed  such  a  remark- 
able prominence  within  the  last  ten  or  fifteen 
years,  and  the  nature  of  the  strains  to  which  they 
are.  subjected  in  the  actual  operations  of  warfare  has 
been  so  practically  determined,  at  Shoeburyness 
and  elsewhere,  in  the  ever-continuing  struggle  be- 
tween Arms  and  Armor,  that  a  tough  fibrous 
texture  has  come  to  be  regarded  as  the  one  thing 
to  be  attained  in  the  manufacture  of  plates — i.  e., 
assuming  armor-plates  to  be  an  indispensable 
feature  of  the  equipment  of  a  fighting  ship,  which 
we  greatly  doubt — and  steel  is  undoubtedly  re- 
garded with  considerable  distrust  as  a  material  for 
building  men-of-war.  It  seems  not  a  little  start- 
ling, therefore,  to  find  a  proposal  in  direct  contra- 
vention of  these  seemingly  well-established  prin- 
ciples ;  and  yet  such  there  is,  in  the  patented  in- 
vention of  Mr.  Thomas  Hampton,  steel  manufac- 
turer, of  Sheffield,  who  claims  as  improvements  in 
the  manufacture  of  armor  and  other  plates  the  em- 
ployment of  the  Bessemer  process  of  casting ;  for 
he  proposes  to  take  haematite  pig,  and  other  metals 
suitable  to  the  Bessemer  process  of  steel-mak- 
ing, and  to  blow  them  in  the  converter  in  the  ordi- 
nary way,  only  to  thoroughly  or  partially  decar- 
bonize them  at  will,  "  or  according  to  circum- 
stances," either  before  or  after  the  introduction  of 
the  spiegeleisen,  and  then  to  run  the  molten  metal 
direct  through  the  ladles  into  moulds  of  the  size 
and  shape  of  the  required  plates.  Armor  and 
other  plates  would  thus  be  neither  more  nor  less 
than  Bessemer  pigs  of  particular  form  and  dimen- 
sions— an  improvement  backwards,  on  the  face 
of  it. 

Improvements  in  rolling-machinery  for  wire, 
rods,  hoops,  and  other  similar  metal  sections,  con- 
stitute the  claim  of  Mr.  Isaac  Hayward,  Warring- 
ton, the  object  being  to  avoid  the  defect  of  crush- 
ing instead  of  closing  up  the  fibre  of  the  metal, 
which  he  assumes  to  cause  liability  to  break  up,  if 
the  material  is  not  of  first-rate  quality,  from  want 
of  a  change  in  the  position  of  the  metal  section  in 
passing  through  the  rolls.  Mr.  Hay  ward's  inven- 
tion provides  for  such  a  change  in  the  position  of 
the  rod  or  bar,  while  being  rolled,  that  it  shall 
pass  through  every  successive  pair  of  rolls  at  a 
different  angle,  whereby  the  metal  would  be 
toughened  and  not  crushed.  There  are  obvious 
limits  within  which  this  may  be  applicable  and 
advantageous  ;  but  when  the  inventor  goes  on  to 
claim  that  the  same  work  will  be  done  with  half 
the  power  and  attendance,  we  cannot  but  feel  that 
there  are  also  limits  even  to  blind  faith  and  un- 
questioning acceptance. 


RAILWAY  NOTES. 

Railways  in  Japan.— Of  late  we  have  heard  a 
great  deal  of  Japanese  progress  in  many  ways, 
and  of  their  imitation  of  European  institutions 
generally  ;  but  in  no  respect  is  this  mo'-e  notice- 
able than  in  regard  to  the  recent  introduction  of 
the  railway  system  into  that  country.  The  con- 
struction of  railways  in  Japan  is  being  carried 
forward  with  considerable  activity,  and  we  may 
usefully  give  our  readers  some  information  with 
regard  to  the  subject. 

The  first  railway  in  Japan  was  opened  last 
year,  and  the  support  which  it  has  received,  and 
the  completeness  of  its  management  and  receipts, 
cannot  fail  to  give  satisfaction  to  the  Japanese 
Government.  This  line  runs  from  Yokohama  to 
Shinagawa,  and  the  State  opening  on  the  comple- 
tion of  the  line  to  the  Yedo  terminus  took  plarse 
on  the  12th  October  last.  Appropriately  to  this 
subject  it  may  be  pointed  out — although  no  in- 
formation is  given  as  to  the  cost  of  this  line — that 
railway  construction  ought  to  be  cheap  enough  in 
Japan,  as  money  is  easily  procurable,  material  is 
plentiful  and  at  hand,  and  labor  is  cheap.  Pre- 
liminary outlay,  such  as  Parliamentary  expenses, 
cannot  amount  to  much,  while  the  sums  given  as 
compensation  must  be  inconsiderable.  So  far  it  is 
satisfactory  to  record  that  the  Japanese  line 
above  referred  to  has  been  worked  without  acci- 
dent, which  is  attributed  to  the  foreign  supervis- 
ion and  foreign  workmen  employed.  There  is, 
however,  a  growing  desire  on  the  part  of  the  Jap- 
anese to  get  into  their  own  exclusive  manage- 
ment such  works  as  these,  but  it  is  stated  that 
the  time  has  by  no  means  arrived  when  they  can 
dispense  with  foreign  aid. 

The  total  length  of  the  line  opened  last  year  is 
only  18  miles  ;  and  amongst  those  who  constitute 
the  personnel  are  one  resident  engineer,  ten  en- 
gine-drivers, six  fitters  and  smiths,  one  traffic 
manager,  five  travelling  inspectors,  two  medical 
officers,  etc.  The  wish  is  expressed  in  reference 
to  this  line  that  its  success,  coupled  with  the  en- 
terprise of  the  Japanese  Government  in  the  mat- 
ter of  railway  development,  will  stimulate  the 
sister  empire,  China,  to  take  steps  in  a  similar 
direction. 

An  important  new  railway,  in  course  of  con- 
struction in  Japan,  is  that  connecting  Yedo,  Yo- 
kohama, Hiogo,  and  Osaka.  This  has  been  pro- 
jected for  some  time,  but  its  progress  towards  com- 
pletion is  very  slow.  The  Yedo  and  Yokohama 
section  is  finished,  but,  with  regard  to  the  other 
portion,  fears  are  entertained  that  it  will  not  be 
completed  until  next  year.  The  line  between 
Osaka  and  Kioto  has  been  surveyed,  and  it  is  said 
that  a  large  quantity  of  material  has  been  pre- 
pared, but  the  order  for  its  construction  has  not 
yet  been  issued.  A  new  railway  was  also  pro- 
posed to  Tsuruga,  but  no  practical  measui'es  have 
been  taken  to  construct  it.  This  is  regretted,  as 
it  is  mentioned  that  such  a  line  could  scarcely  fail 
to  be  profitable  to  the  Japanese  Government,  be- 
sides adding  very  greatly  to  the  commercial  facil- 
ities of  the  ports  between  which  the  new  line 
would  run.  Probably,  at  no  distant  date,  the  con- 
struction of  these  railways  will  be  practically  car- 
ried out. 

The  first  section  of  the  Trunk  Railway,  in- 
tended to  connect  Yedo  and  Yokohama  with  Os- 
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aka  and  Hiogo,  has  been  completed,  as  we  before 
stated,  and  this  first  section  has  been  opened  with 
the  greatest  .success.  Already  it  attracts  more 
traffic  than  it  can  conveniently  cany  on  a  single 
line  of  rails  The  native  public  avail  themselves 
of  the  advantage  of  the  line  to  the  utmost,  and 
thu.s  it  appears  certain  that  with  these  favorable 
conditions  the  railway  system  of  Japan,  ere  lon</, 
■will  take  a  very  material  development.  The 
Japanese  Government  has  certainly  been  enter- 
prising in  regard  to  the  matter.  Telegraphs  have 
also  been  largely  introduced  of  late  into  the 
country,  and  nearly  all  the  chief  commercial 
ports  have  been  or  are  being  connected  in  this 
way.  Altogether,  Japanese  "  progress"  is  a  grat- 
ifying sign  of  the  times. — Iron. 

T)  ail  ways  in  Turkey. — From  a  short  official 
l  report  upon  this  subject  we  learn  that  seve- 
ral parties  of  Turkish  engineers  have  been  recent- 
ly surveying  the  province  of  Aleppo  and  those 
adjoining' it,  with  a  view  to  the  selection  of  the 
b?st  direction  for  the  great  line  which  may  at 
some  future  time  connect  India  with  Europe  by 
railway  communication.  It  has  been  acknowl- 
edged by  these  en^ineer.s  that  the  works  would  be 
lighter  were  the  port  of  Tripoli  made  the  termi- 
nus on  the  Mediterranean,  but  that  the  cost  of  the 
action  of  a  harbor  there,  as  also  at  Suedia, 
Would  make  Alexandretta  more  desirable  as  the 
port  from  which  the  railway  should  start  for  the 
Persian  Gulf.  The  difficulty  and  expense  of 
bringing  either  of  the  two  former  points  into  con- 
nection with  a  line  from  Constantinople  through 
A^i  i  Minor  would  also  have  an  influence  in  favor 
of  the  selection  of  Alexandretta.  The  chief  ques- 
tion for  settlement,  however,  seems  to  be  whether 
it  would  be  more  advantageous  to  take  a  direct 
Bourse  from  the  Mediterranean  to  the  Persian 
Gulf,  or  to  deviate  from  it  in  order  to  pass  near 
the  principal  towns  lying  between  the  two  seas. 
Mr.  Haddon,  the  official  engineer,  who  has  given 
much  attention  to  the  subject,  expresses  the  opin- 
ion that  the  direct  route  would  be  better  than  the 
circuitous  one,  both  for  the  interests  of  Turkey 
and  En  eland.  So  far  as  Turkey  is  concerned,  it 
is  evident  that  this  railway  would  be  essentially 
an  agricultural  line,  and  should,  therefore,  not  be 
led  out  of  its  ordinary  course  for  the  purpose  of 
seeking  markets  which  the  existence  of  cultivation 
proves  to  be  already  accessible  to  local  produce. 
On  the  whole  it  seems  probable  that  the  inspection 
of  the  engineers  above  mentioned  will  result  in 
a  recommendation  of  the  more  direct  line  practi- 
cable from  sea  to  sea.  Appropriately  to  railways 
in  Turkey,  it  may  also  be  mentioned  that  the  one 
rail  system,  invented  by  Mr  Ffaddrm,  the  engi-  i 
n^er.  under  the  name  of  the  Pioneer  Railway,  has 
fallen  through  at  Aleppo,  notwithstanding  great 
prospects  of  success.  The  first  cost  would  have 
been  almost  less  even  th  m  that  of  a  carriage  road,  j 
while  the  time  required  for  its  undertaking  would 
have  been  months  instead  of  \ears.  It  would 
have  doubtless  proved  most  suitable  for  the  Turk- 
ish provinces. 

THE  Northern   Pacific    Railroad   is  pushing  its 
way   across  the   Continent  with  steady  pro-  i 
press.     Among:  the  latent  news  from  Washington  ' 
is    the  fact   that  the    Yellowstone    Reservation,  I 


through  which  the  road  will  run  for  250  miles, 
has  been  purchased  from  the  Indians.  This  is 
very  important  both  in  its  possible  effect  upon  the 
mining  interests  of  the  country  as  well  as  for  the 
safety  it  secures  to  the  railroad.  It  has  long  been 
known  that  very  valuable  mining  lands  lie  about 
the  Yellowstone,  including1  mines  of  cinnabar  or 
mercury  ore,  which  may  have  as  great  an  effect 
upon  the  mercury  markets  of  the  world  as  those 
in  California.  If  the  Washington  telegram  is  true, 
this  promising  section  will  soon  be  open  to  set- 
tlers. Of  the  more  than  6,000,000  acres  contained 
in  the  reservation,  the  railroad,  would  get  nearly 
half.  This,  as  well  as  the  obvious  determination 
of  the  Government  to  support,  by  every  means  in 
its  power,  the  company  which  is  building  the 
Northern  road,  is  sufficient  to  prove  the  value  of 
the  bonds  and  stock  of  the  concern. 


ENGINEERING  STRUCTURES. 

The  great  railroad  tunnel  in  St.   Louis  is  pro- 
gressing rapidly,   and  in  a  very  satisfactory 
manner.     The  following  fi«n.re3  in  regard  to  the 
work  will  be  of  interest    The  span  of  the  arches 
of  the  tunnel,  of  whir-.h  there  are  two,  is   14  ft. 
clear,  and  the  height   17  ft.     The  arches  have  a 
depth  of  5  lengths  of  brick  springing  from  a  wall 
of  solid  stone,  whose  foundation  is  6  ft.    thick; 
the  side  walls  are  5  ft.  thick  to  the  spring  line, 
.  above  which  the  thickness  of  the  wall  is  4  ft. ;  the 
centre  wall  is  3  ft.  in  thickness.     All  the  brick- 
work  and   masonry  is   set  in  hydraulic  cement. 
Ten  barge  loads  of  Grafton  stone  are  consumed 
every  week  and  40,000  brick  each  day.     The  va- 
,  rions  labors  connected  with  the  construction  of 
the  tunnel  give  employment  to  not  less  than  1.500 
,  men  and  over  200  teams.     To  assist   Captain  E  ids 
i  in  the   Engineer  Department  are  the  following : 
.  One  superintending  engineer,  five  assistant  engi- 
;  neers,  six  inspectors  of  masonry,  and  one  draughts- 
!  man,  all  gentlemen  of  experience. 

Saest  Gothvbd  Tcxxel. — The  monthly  report 
of  the  Swiss  Federal  Council  brings  the  ac- 
count of  the  progress  of  the  tunnel  down  to  the 
end  of  July. 

On  the  Goaschenen  side,  and  to  a  distance  of 
243  metres  from  the  entrance,  the  granite  gneiss 
had  presented  few  fractures,  being  a  compac  : 
but  afterwards  a  bed  almost  vertical,  and  7  me- 
tres thick,  presented  itself,  which  was  of  a  very 
different  character  ;  the  feldspath  almost  entirely 
disappeared,  was  replaced  by  mica  and  talc,  and 
finallv  became  schistous,  containing  chrystals  of 
sulphur  pyrites.  At  the  distance  of  25'J  metres 
from  the  entrance  the  rock  again  assumed  its  or- 
iginal structure  with  irregular  fissures. 
"The  experiments 'with  the  MacKean  machines 
proved  that  more  power  was  wanted  than  could 
be  obtained  with  the  provisional  air-compressors, 
so  that  until  more  powerful  air-engines  are  pro- 
vided the  six  Dubois  and  Francois  machines  have 
been  employed  alone,  but  some  modifications  have 
been  made  in  them.  The  daily  work  done  during 
the  month  averaged  1  m.  65  mm. 

At  the  Airolo  end  of  the  tunnel  the  mica  schist 
had  assumed  a  darker  color,  in  consequence  of 
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pretty  thick  layers  of  mica  and  other  minerals 
disseminated  throughout  the  mass,  the  layers  being 
from  50  to  60  centimetres  thick,  full  of  fissures, 
and  traversed  by  strong  veins  of  quartz.  At  the 
distance  of  228  metres  from  the  entrance  and  over 
a  space  of  20  metres,  the  rock  became  less  hard  and 
more  friable,  and  presented  again  many  argillaceous 
strata ;  it  then  reassumed  its  former  hardness, 
veins  of  quartz  reappeared,  but  the  strata  was  very 
irregular,  and  the  rock  full  of  fissures.  In  con- 
sequence of  the  composition  of  the  rock  indicated, 
the  water  poured  through  in  a  continual  rain  from 
the  roof  of  the  tunnel  over  a  distance  of  30  metres. 
Four  Dubois  and  Francois  machines  were  worked 
as  before  at  this  end,  and  the  daily  work  averaged 
1  m.  53  mm. 

At  the  end  of  the  month  the  drift  way  had  been 
advanced  125  m.  8  mm.,  and  the  tunnel  was  com- 
pleted over  a  distance  of  453  metres.  The  maxi- 
mum number  of  workmen  employed  during  the 
work  was  1,150. — Iron. 

The  St.  Gothard  Railway.— The  works  of 
±  the  St.  Gothard  tunnel  are  progressing  most 
favorably,  and  on  the  25th  of  last  month  5.90  of 
heading  was  driven  at  the  Airolo,  and  on  the  fol- 
lowing day  the  amount  of  progress  made  was  six 
metres.  The  contractor,  M.  Favre,  to  encourage 
the  workmen,  has  wisely  offered  a  premium  to  the 
miners  should  the  length  driven  exceed  that 
established  by  him  as  a  proper  day's  work.  The 
great  difficulties  that  were  met  with  at  first,  from 
the  quantity  of  water  which  hindered  the  progress 
of  the  work  of  tunnelling  at  this  end,  have  in  a 
great  measure  been  overcome ;  and  as  the  length 
of  heading  increases,  there  is  every  reason  to 
anticipate  that  very  little  water  will  be  met  with. 

The  tunnelling  machines  used  at  this  side  are 
those  known  as  the  system  Dubois  and  Francois, 
and  are  similar  to  those  adopted  by  the  "  Societe 
de  Charbon  de  Marihaye,"  and  by  the  "Companie 
pour  1  extraction  de  l'huile  minerale  a  Anzin." 
The  total  length  of  these  machines  is  2.20 ;  their 
width,  0  23 ;  and  height,  0.32  The  diameter  of 
the  cylinder  is  0.07,  and  weight  220  kilogrammes. 
Six  of  these  "perforators"  are  mounted  on  a 
carriage,  similar  to  those  used  at  the  Mount  Cenis 
tunnel,  running  on  rails,  which  are  laid  down  as 
» the  work  proceeds,  and  worked  backwards  and 
forwards  as  required  by  the  little  locomotive 
"  Tessin." 

With  the  Dubois  and  Francois  boring  machine 
a  hole  from  15  to  20  cent,  in  depth  per  minute  can 
be  drilled  in  schist,  and  in  calcareous  rock  the  rate 
of  progress  is  estimated  to  be  twenty  times  greater 
than  by  hand. 

At  the  entrance  to  the  tunnel  the  valley  has  as- 
sumed a  most  animated  appearance,  and  the  little 
mountain  village  of  Airolo  has  now  the  aspect  of 
a  manufacturing  town ;  upwards  of  a  hundred 
houses  have  been  built  for  the  accommodation 
of  the  workpeople,  who  are,  for  the  greater  part, 
Piedmontese.  Five  large  buildings  have  been 
established  near  the  works,  one  of  which  is  used 
for  workshops,  another  for  the  engineering  staff,  a 
third  for  the  steam-engines  which  are  used  at 
present  for  drivinsr  the  tunnelling  machinery.  In 
the  largest  building  will  be  placed  the  great  com- 
pressors, which  will  be  used  later  on  for  compress- 
ing the  air  for  the  boring  machines;  and  a  canal  is 
now  being  made  from  the  Ticino,  at  a  great  height 


above  this  building,  which  will  furnish  the  motive 
power  for  driving  the  compressors.  The  construc- 
tion of  this  canal,  which  is  being  cut  in  the  solid 
rock,  is  progressing  rapidly. 

The  works  of  the  railway,  from  Bellinzona  to 
Biasco  and  from  Biasco  to  Faido,  are  commenced 
in  several  points.  At  Lugano  the  works  are  al- 
ready commenced  near  the  road,  to  wnich  it  runs 
parallel,  as  also  a  tunnel  near  the  Mont  St.  Sal- 
vatore. 

The  ruins  of  the  Castle  of  Underwalden,  at 
Bellinzona,  have  been  purchased  by  a  company, 
who  intend  building  a  large  hotel  from  which  a 
magnificent  view  of  the  valley  of  the  Ticino,  as 
far  as  the  Lago  Maggiore,  is  obtained. 

During  the  month  of  July  the  following  pro- 
gress was  made  at  the  tunnel : — 

At  the  north  end,  at  Goeschenen,  the  length  of 
heading  driven  during  the  month  was  51  metres, 
making  a  total  of  259  metres  driven  up  to  the  81«t 
July.  The  length  of  tunnel  completely  excavated 
was  increased  from  15  I  metres  to  20U  metres  at  that 
end  At  the  south  end,  at  Airolo,  47  metres  of 
heading  were  driven,  making  a  length  of  2'H» 
driven  up  to  the  end  of  July.  The  length  of  tun- 
nel completely  opened  out  was  increased  from  214 
metres  to  -53  metres.  The  total  length  of  heading 
driven  up  to  the  above  date  was  525  metres,  and 
the  length  of  tunnel  completely  excavated,  453 
metres.  The  average  number  of  workmen  em- 
ployed during  the  month  of  July  was  945,  and  the 
greatest  number  employed  in  one  day  at  these 
works  was  1,159. 


ORDNANCE  AND  NAVAL. 

The  Needle  Gun. — The  most  remarkable  object 
1  amongst  the  weapons  exhibited  at  Vienna  by 
Dreyse,  of  Sommerda,  says  the  "  Oesterr-ungar 
Wehrzietun":,"  is  an  infantry  rifle  for  metal  car- 
tridges of  an  entirely  new  pattern  and  peculiar  con- 
struction, which,  on  account  of  its  many  excellen- 
cies, seems  destined  to  occupy  a  foremost  place 
amongst  known  fire-arms.  The  lock  of  the  gun 
is  an  improved  needle-lock  arranged  for  self-cock- 
ing, and  combines  the  simplicity  and  solidity  of 
the  needle  system  with  quick  and  convenient 
loading,  with  rapidity  of  firing  equal  to  the  best 
rifles.  The  lock  consists  of  six  parts,  and  the  load- 
ing requires  only  three  movements:  the  opening 
of  the  chamber,  by  which  operation  the  lock  is 
cocked  at  the  same  time  ;  throwing-  in  one  of  the  car- 
tridges into  its  bed,  it  not  being  necessary  to  put  it 
in  exactly  :  and  closing  of  the  chamber.  The  gun 
is  now  ready  for  firing.  The  empty  cartridge  is 
ejected  at  the  next  opening  by  means  of  an  ex- 
tractor fixed  at  the  movable  round  of  the  chamber. 
The  maximum  number  of  shots  per  minute  is 
twenty-four.  The  gun  is  constructed  for  ignition 
by  pin  or  needle,  as  an  exhibited  chamber-round 
with  screwed- in  needle  shows ;  the  latter  has  only 
to  be  substituted  for  the  chamber-round  with  pin 
when  a  change  is  desired.  Both  kinds  of  metal 
cartridges,  for  pin  and  needle  i<mition,  are  shown 
just  below  the  rifle.  The  advantages  of  this 
weapon  in  the  field  are  essentially  the  same  as 
those  which  three  campaigns  have  shown  the 
needle-gun  to  possess,  viz.  simplicity,  solidity,  and 
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durability.  It  is  very  well  known  that  the  needle- 
gun  has  not  undergone  any  repairs  worth  men- 
tioning during  its  long  period  of  almost  constant 
use.  Even  after  campaigns  the  repairs  have  been 
confined  to  such  as  naturally  arise  through  even- 
tualities of  war ;  thorough  repairs,  caused  by 
general  wear  and  tear,  have  not  in  a  single  in- 
stance been  found  necessary.  The  needle-gun  has 
consequently  proved,  besides  its  original  low  cost, 
the  cheapest  of  all  breech-loaders,  and  the  new 
rifle  is  said  to  possess  these  advantages  in  a  still 
greater  degree.  All  its  parts  are  so  simple  and 
solid  that  repairs  must  be  but  trifling.  The  imper- 
fections at  present  attaching  to  the  needle-gun, 
such  as  inferior  range,  defective  trajectory,  com- 
parative slowness  of  firing,  have  been  removed  in 
the  present  rifle  by  the  application  of  the  smaller 
calibre  (11  millim.)  of  the  metal  cartridge  with 
heavy  charge  of  powder  and  the  above-mentioned 
change  in  the  construction  of  the  lock.  One  great 
advantage  of  thi3  construction  is  that  the  lock  may 
be  taken  to  pieces  and  put  together  again  without 
the  use  of  any  implement;  injured  parts  can  be 
consequently  replaced  even  in  the  field,  and  other 
irregularities  of  movement  as  speedily  rectified. 
The  great  simplicity  and  solidity  of  the  separate 
parts  "fives  great  durability.  The  lock,  like  that 
of  the  needle-gun,  is  so  constructed  as  not  to  be 
injured  by  the  intrusion  of  dust  or  wet.  The  lock 
is  secured  in  the  same  way  as  that  of  the  needle- 
gun,  the  spiral  spring  propelling  the  igniting  pin 
being  left  loose.  By  this  means  accidents  from  sud- 
den explosions  are  entirelv  prevented  ;  an  advan- 
tage which  cannot  be  too. highly  valued  compared 
with  other  guns,  where  the  action  of  the  spring  is 
only  stopped,  the  spring  itself  remaining  firm.  As 
regards  the  manufacture,  all  other  parts  of  the 
weapon  can  be  easily  made  hy  machinery  and 
without  complicated  plant,  which  consequently 
reduces  the  cost  price  considerably.  If  we  con- 
sider all  these  combined  advantages,  it  seems  un- 
doubted that  this  gun  ranks  foremost  among  the 
best  existing  small  arms.  It  is  reported  that  the 
new  infantry  rifle  adopted  by  the  Prussian  Govern- 
ment is  very  much  like  the  one  we  have  described, 
but  it  differs  from  it  by  greater  complication  of 
the  lock,  which  it  is  more  difficult  for  the  soldier 
to  understand  ;  and  also  that  it  can  only  be  taken 
to  pieces  by  means  of  tools.  For  these  reasons  en- 
gineers who  have  seen  it  predict  its  shorter  dura- 
bility. 

A  Vessel  109  Tears  Old.— The  Philadelphia 
evening  "  Telegraph  '  of  Sept.  9rh,  says :  The 
bark,  True  Love,  '  'aptain  Thomas  "Wetherill,  has 
just  arrived  from  Greenland  with  a  cargo  of  kryo- 
lite,  that  will  be  landed  at  Greenwich  Point  to-day 
or  to-morrow.  This  vessel  was  built  in  the  year 
1764,  and  is  consequently  one  hundred  and  nine 
years  old.  The  sides  batter  inwards  to  the  top  of 
the  gunwale,  and  this  makes  the  vessel  much 
broader  at  the  waterline  than  on  deck.  In  nauti- 
cal language  the  side3  are  known  as  "  tumbling 
home,"  because  they  fall  in  above  the  bends. 

This  bark  was  built  at  Philadelphia,  but  it  can- 
not be  ascertained  with  any  degree  of  certainty  at 
what  particular  point.  The  Custom  House  re- 
gister does  not  contain  the  record,  because  the 
vessel  was  built  twelve  years  before  the  beginning 
of  the  American  Revolution.  It  is  most  likely 
that  she   was  built   in  Kensington,   as  it  appears 


from  history  that  the  first  shipyards  on  the  Dela- 
ware were  established  in  that  locality,  not  far 
from  the  Penn  treaty  ground.  The  bark  was  built 
for  parties  residing  in  Hull,  England,  and  still 
hails  from  that  place,  and  for  forty-seven  years 
was  engaged  in  the  whaling  business  in  the 
Northern  seas,  and  appeared  to  be  at  home  among 
the  ic»  bergs  of  the  Arctic  region.  It  is  understood 
that  the  vessel  has  never  required  any  considerable 
repairs.  The  original  timbers  appear  to  be  as 
sound  as  the  day  they  were  erected  on  the  stocks 
in  old  Kensington.  The  bark  registers  296  tons, 
but  will  carry  much  more. 

'"The  "Militair  Worhenblatt "  presents  some 
I  interesting  statistics  of  the  consumption  of 
powder  by  German  artillery  during  the  late  war. 
According  to  these  figures  the  Prussian  artillery, 
including1  the  Baden  and  Hesse  regiments,  com- 
prised 79  light,  38  heavy,  and  38  horse  batteries, 
besides  19  light  and  10  heavy  reserve  batteries, 
which  were  only  formed  after  the  war  was  de- 
clared— together,  224  field  batteries,  of  6  guns 
each,  or  1,344  guns.  The  field  guns  are  of  two 
calibres,  the  light  and  heavy,  with  a  bore  of  8 
centimetres,  the  heavy  of  9  centimetres.  They  fired 
during  the  whole  campaign  267,975  rounds  in  all, 
which  is  far  less  than  is  generally  believed  ;  the 
light  batteries  112,770,  the  heavy  107,126,  and  the 
horse  batteries  48,079  rounds,  or  eftch  gun  fired,  on 
an  average,  199  rounds,  of  which  number  each 
light  gun  fired  191,  each  heavy,  203,  and  each 
horse,  210  on  an  average.  As  the  batteries  carry 
in  the  ammunition  carriage  of  each  8-centimetre 
gun  157,  and  of  each  9-centrimetre  gun  133  rounds, 
they  consequently  fired,  the  light  guns,  123  per 
cent.;  the  heavy,  153  ;  and  the  horse,  134  percent. 
— that  is,  they  had  to  replenish  23,  53,  and  34  p  r 
cent,  respectively  from  the  ammunition  columns, 
which  followed  in  the  wake  of  the  advancing  ar- 
mies. The  Bavarian  artillery  consisted  of  12  light, 
22  heavy,  and  two  12-pounder  batteries,  or  2)6 
guns,  which  spent  56.2 1 1  rounds,  or  as  much  as 
260  rounds  per  gun,  while  the  Saxdns  had  48  8- 
eentimetre  guns,  and  48  9-centimetre  gains,  ai  d 
fired  8,0n7  and  7.514  rounds  respectively,  or  16/ 
and  157  per  each  light  or  heavy  gun,  or  162  rounds 
on  average.  The  figures  of  Wurtemberg  are  not 
yet  published,  but  may  be  estimated  at  three- 
fourths  of  those  shown  by  Saxony.  Thus  the  total 
of  ammunition  spent  would  be  for  the  whole  Ger- 
man field  artillery  about  3  0,000  rounds,  and  i*, 
allowing  one-half  to  light,  and  half  to  heavy  gun>-, 
and  the  weight  of  light  shells  to  be  9  lbs.,  that  of 
heavy  shells,  1  '.3  lbs.,  English,  the  weight  of  all 
ammunition  fired  is  equal  to  1,933  tons,  or.  out  of 
the  number  of  1,728  guns,  each  gun  has,  on  an 
average,  spent  1,1 19  tons  of  iron  shells. — Iron  Age. 

Steel  and  Bronze  Guns. — General  Morin  pre- 
sented to  the  Academy  of  Sciences  the  other 
day  the  *'  Revue  d'Artillerie,"  containing  an  ac- 
count of  comparative  experiments  with  bronze  and 
steel  guns,  which  deserves  attention.  Before  the 
late  war  broke  out,  experiments  were  made  with 
three  bronze  guns  of  calibre  No.  4,  so  called,  but 
which  fired  shells  weighing  4.50  to  4.90  kilo- 
grammes with  leaden  jacket.  These  guns  were  the 
invention  of  Colonel  Ortz  :  they  were  breech- 
loaders,  and   were  found   to  carry  6,'.  00  metres. 
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Comparing-  these  results  with  others  obtained  with 
Bteel  guns,  it  has  been  found  that  the  latter  exhib- 
it a  superiority  of  about  60  metres.  It  is  estab- 
lished, moreover  says  Captain  Guespereau,  mem- 
ber of  the  commission  for  gun  experiments  at 
Calais,  that  steel  presents  more  accuracy  than 
bronze.  These  two  cases  of  superiority  on  the  side 
of  steel  guns  may  be  to  a  great  extent  attributed 
to  the  fact  of  the  co-efficient  of  elasticity  being 
much  higher  in  steel  than  in  bronze ;  steel  guns 
dilate  more  than  those  made  of  bronze,  while  they 
are  far  less  affected  in  form  by  firing,  and  conse- 
quently cause  much  less  sensible  deviations  on  the 
part  of  the  projectiles.  The  hardness  of  steel,  its 
great  resistance  to  rupture,  the  ductility  of  that 
which  is  called  soft  steel,  make  up  a  collection  of 
qualities  whk-h  alone  can  meet  the  new  conditions 
imposed  on  artillery.  The  same  series  of  experi- 
ments proved  the  superiority  of  the  new  gunpow- 
der prepared  at  Bouchet,  on  the  plan  of  Captain 
Castan,  on  the  score  of  ballistic  power,  and  su- 
perior velocity  at  500  metres,  as  well  as  with  re- 
spect to  the  progressive  production  of  gases,  and 
the  diminution  of  their  maximum  tension. 

BROADWELL's  breech-loading  ordnance  is  illus- 
trated in  its  application  by  two  guns,  a  9- 
pounder  field  piece  and  a  2j  in.  Cal.  mountain  gun. 
It  is  stated  that  this  system  has  been  adopted  by 
Russia,  Prussia,  Austria,  Italy,  France,  Switzer- 
land, Turkey,  amd  other  countries,  and  has  been 
applied  by  Mr.  Krupp  to  guns  of  all  calibres  fabri- 
cated by  him.  It  was  adopted  by  the  Imperial 
Russian  Government  in  1865,  and  has  since  been 
applied  to  all  their  artillery  from  12-in.  calibre  to 
the  mountain  gun,  and  is  still  adhered  to.  The 
system  has  for  many  years  been  in  use  by  the 
Prussian  Government,  by  whom  it  is  now  being 
applied  to  guns  of  all  calibres. 


BOOR  NOTICES. 

pocket-book  of  the  practical  rules  for 
the  Proportions  of  Modern  Engines 
and  Boilers  for  Land  and  Marine  Pur- 
poses. By  N.  P.  Burgh,  Engineer.  Fourth 
Edition.  1873.  For  sale  by  D.  Van  Nostrand. 
$1.75. 

The  honor  of  having  arrived  at  a  fourth  edition 
is  a  sufficient  testimony  to  the  "  Practical  Rules" 
of  this  neatly  got-up  Pocket-book.  In  it  the  ac- 
cepted proportions  of  the  most  effective  engines 
and  boilers  are  minutely  given  with  all  their 
necessary  adjuncts ;  added  to  which  there  is  an 
Appendix  of  information  relating  to  engines  and 
boilers,  such  as  the  "  bursting  and  safe-working 
pressure  of  boilers,"  "  strength  of  boilers,"  "  strains 
of  engines,'  "  friction  of  engines,"  etc.,  which 
should  be  in  the  hands  and  heads  of  all  engineers. 
So  far  we  can  speak  in  commendation,  but  we  can- 
not close  without  a  reference  to  the  jargon,  mis- 
called English,  in  which  the  work  is  written.  The 
Preface  states  that  "  the  introduction  of  this  work 
is  for  the  purpose  of  rendering  in  detail  complete 
the  practical  proportions  of  modern  engines  and 
boilers,  so  as  to  enable  the  student  to  readily 
understand  the  higher  branches  of  the  profession, 
also  to  assist  the  memory  of  the  conversant."  To 
prove  to  the  reader  that  the  Preface,  as  sometimes 


happens,  is  not  by  another  hand,  we  quote  from 
p.  76  on  "  oscillating  engines,"  which  are  thus  de- 
scribed : — "  The  use  of  these  engines  for  marine 
purposes  has  been  proved  to  be  applicable  for  the 
1  addle-wheel,  but.  the  excessive  friction  (caused  by 
the  vibration  of  the  cylinder)  on  the  piston-rod, 
also  that  of  the  trunnions,  render  it  necessary  that 
the  piston-rod  and  crank-shaft  have  larger  propor- 
tions than  for  engines  adapted  for  the  screw." 
Nor  is  this  want  of  plain  idiomatic  English  the 
only  fault  of  its  style,  as  in  many  cases  the  languge 
even  leads  to  obscurity.  Every  "  engineer  "  is  not 
expected  to  write  like  Addison,  but  at  least  we 
expect  that  a  book  for  students  should  have  its 
language  made  grammatical  and  idiomatic  before 
it  is  used,  a  task  which  miuht  be  performed  by 
deputy,  if  it  were  considered  beneath  the  con- 
sideration of  an  "  engineer,"  which  we  do  nut  be- 
lieve it  to  be,  even  on  the  ground  of  clearness  of 
definition. — L  on. 

Elements  of  Mineralogy,  containing  a  gen- 
I J  era!  Introduction  to  the  Science,  with  descrip- 
tions of  the  Species.  By  James  Nicol,  F.  R.  S.  E., 
F.  G.  S.,  Professor  of  Natural  History  in  the 
University  of  Aberdeen.  Second  edition.  Edin- 
burgh :  Adam  and  Charles  Black.  For  sale  by 
D.  Van  Nostrand.     $3.75. 

Amongst  the  natural  sciences,  the  study  of  which 
is  now  acknowledged  to  be  essential  in  the  thor- 
ough education  of  practical  men,  mineralogy  oc- 
cupies a  prominent  place,  and  there  are  perhaps 
few  works  calculated  so  readily  to  convey  to  the 
student  the  necessary  information  upon  the  sub- 
ject as  Prof.  Nicol's  manual,  a  new  edition  of 
which  has  just  been  issued,  for  it  combines  con- 
ciseness with  completeness  to  the  utmost  possible 
extent.  The  volume  is  precisely  that  which  the 
student  requires,  since  it  supplies  every  detail 
with  such  minuteness  that  he  may  readily  refresh 
his  memory  with  regard  to  any  fact  which  his  in- 
structor may  have  menioned  in  the  course  of  his 
lectures.  One  most  important  object  of  a  treatise 
on  Mineralogy,  as  Prof.  Nicol  remarks,  is  to  give 
such  descriptions  of  minerals,  their  es>ential  pro- 
perties and  distinctive  characters,  as  will  enable 
the  student  to  distinguish  the  various  species,  and 
to  recognize  them  when  he  meets  with  them  in  na- 
ture ;  and  to  accomplish  this  he  must  first  become 
acquainted  with  the  terminology,  or  nomenclature, 
of  the  science;  yet  by  far  too  frequently  the  whole 
of  the  information  upon  this  portion  of  the  subject 
is  given  incidentally.  In  Prof.  Nicol's  treatise,  on 
the  contrary,  the  chapter  on  the  form  of  minerals 
is  particularly  full  and  explicit. 

The  chapter  on  the  physical  properties  of  min- 
erals is  no  less  complete,  the  utmost  care  being 
taken  to  afford  all  necessary  information  concern- 
ing cleavage  and  fracture,  hardness  and  tenacity, 
specific  gravity,  lustre  and  color,  and  phosphores- 
cence, electricity,  and  magnetism,  in  a  style  which 
the  student  will  comprehend  with  the  greatest 
facility.  In  the  chapter  on  the  Chemical  Proper- 
ties of  Minerals,  Professor  Nicol  retains  the  Ber- 
zelian  formulae,  which  he  considers  are  from  their 
short  condensed  form  more  readily  caught  by  the 
eye,  and  more  easily  remembered,  than  any  that 
have  been  substituted  for  them.  He  has,  however, 
in  his  tables  given  both  the  old  and  the  new  for- 
mulae, though  he  has  not  gone  very  far  to  show 
the  relative  advantages,  or  the  reasons  urged  for 
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adopting  ea*h  ;  but  this  is  probably  immaterial,  as 
opinions  are  widely  different  as  to  the  system  of 
formulae  which  it  is  most  desirable  to  adopt,  and 
until  there  is  more  unanimity  the  Berzelian  is  at 
least  as  good  as  any  other,  whilst  to  explain  the 
theories  upon  which  the  several  systems  are  based 
would  require  a  volume.  The  last  chapter  of  the 
first  part  treats  of  the  classification  of  minerals, 
and,  with  those  which  precede  it,  gives  every  ne- 
cessary facility  for  the  profitable  study  of  the 
second  part  of  the  volume,  in  which  the  descrip- 
tions of  the  mineral  species  are  given. 

The  volume  is  altogether  as  complete  and  ex- 
planatory as  could  be  desired,  and  for  the  student 
who  has  the  advantage  of  a  teacher  of  only  ordi- 
nary intelligence  there  is  probably  no  elementary 
manual  which  could  be  turned  to,  which  would 
afford  him  greater  assistance  in  refreshing  his 
memory  of  the  facts  he  had  been  taught,  or  in 
filling  up  the  more  minute  details  connected  with 
the  subject.  The  book  is  in  every  respect  worthy 
of  the  highest  commendation. 

I  Elements  of  Physical  Manipulation.  By 
J  Edward  C.  Pickering,  Professor  of  Physics 
in  Massachusetts  Institute  of  Technologv.  New 
York :  Hurd  &  Houghton.  For  sale  by  Van  Nos- 
trand.     $3. 

This  work  affords  new  suggestions  to  instruc- 
tors in  physical  science.  It  aims  to  guide  the 
student  in  general  physics  in  a  laboratory  course 
parallel  with  that  of  practical  chemical  analysis. 

Physical  laboratories  or  workshops  have  been 
projected  for  several  of  our  leading  scientific 
schools,  in  which  the  lead  of  the  Institute  of  Tech- 
nology has  been  followed. 

In  so  new  a  field  of  instruction  a  competent 
text-book  is  a  prominent  npcessity.  The  work  of 
Prof.  Pickering  seems  all  that  could  be  desired  at 
present.  The  most  explicit  directions  are  given 
respecting  the  method  of  conducting  experiments 
whether  for  exhibition  or  investigation  in  all  de- 
partments of  so  called  general  physics. 

TRAIT  E  COAIPLET  DES  CHEMTNS  DE  FER  ECO- 
NOMIQUES.  Par  C  A.  Opperuann.  Paris: 
Dunod.     For  sale  by  Van  Nostrand.     $14. 

Judging  from  the  dimensions  of  this  work  there 
is  good  reason  to  believe  it  "  complet."  There  are 
six  hundred  qiiarto  pages  of  descriptive  text,  and 
about  one  hun  lred  pages  of  engraved  diagrams. 

The  topics  to  which  most  space  is  devoted  are : 
Road-bed  and  Superstructure — Rolling  Stock — 
Retaining  Walls — Bridges  and  Viaducts — Tun- 
ne  s — Depots  and  Way  Stations  Working  the 
Road — System  itic  working  of  the  trains,  and  meth- 
o  Is  of  transportation  of  different  kinds  of  freight. 
— Special  legislation  for  Railways — Execution  of 
Contracts.  -Acquisition  of  Lands. 

An  appendix  devotes  considerable  space  to 
Tramways  of  Paris  and  London. 

AVThat  a  House  should  Be  versus  Death  in 
m      the   House.     By  William   Bardwell. 

London :     Dean  &  Son.      For  sale  by  Van  Nos- 
trand.    $l.7o. 

Mr.  Bardwell's  new  book,  entitled  "What  a 
House  should  be  versus  Death  in  the  House,"  is  a 
well-timed  admonition,  and,  addressed  mainly  as  it 
is   to    the  public  itself,  and  that  in  strong,  terse, 


forcible  terms,  we  trust  it  will  produce  an  effect 
which  may  not  prove  as  transient  and  illusory  as 
most  of  those  heretofore  have  done. 

The  treatment  of  the  work  is  terse  and  pithy,  as 
it  should  be,  and  the  arrangement  of  the  chapters 
under  the  heads  of  "  The  Bane  "  and  "  The  Anti- 
dote," effective.  The  latter  is  subdivided  into 
matters  relating  to  water,  earth,  fire,  and  air,  and 
contains  many  valuable  hints  connected  with  each 
branch.  At  the  end  of  the  book  are  a  series  of 
sanitary  receipts.  In  a  view  forming  the  frontis- 
piece, as  well  as  in  a  plan  in  the  body  of  the  work, 
the  author's  notion  as  to  what  a  house  should  be 
in  the  shape  of  a  detached  villa  has  been  worked 
out  in  a  design  by  Mr.  Seddon.  This  seems  to 
comprise  a  glass  roof  for  a  conservatory  at  the  toy, 
and  the  closet  is  separated  from  the  house  by  a 
smaller  conservatory  below.  The  book,  though 
slight  in  execution,  is  a  well-timed  and  useful 
contribution  on  a  subject  of  great  practical  im- 
portance to  the  public. 

CARBONIZATION  DES  BOIS  EN  VASES  CLOS.  ET 
Utilization  des  Pro du its  Derives.  Par 
Camilla  Vincent.  Paris:  G-authier-Villars.  For 
sale  by  Van  Nostrand.     $2. 

After  describing  the  method  of  distilling  wood, 
the  author  of  this  work  proceeds  to  discuss  the 
chemical  processes  necessary  to  secure  the  various 
products. 

The  book  is  well  printed  and  finely  illustrated, 
but  is  quite  technical  in  describing  chemical  pro- 
cesses. 


(Carbonization  du  Bois  et  Emploi  du  Com- 
j  bustible  dans  la  metallurgie  du  fer. 
Par  A.  Gillot.  Paris:  Lacroix.  For  sale  by 
Van  Nostrand.     $5.60. 

This  work  is  in  two  distinct  parts,  each  quite 
complete  as  a  treatise.  The  first  deals  with  car- 
bonization only,  and  describes  the  French  methods, 
which  are  known  to  be  very  complete.  The  sec- 
ond part  relates  to  the  employment  of  the  pro- 
ducts in  the  iron  and  steel  processes,  and  there  is 
much  elaborate  ciphering  to  prove  the  plan  a  prof- 
itable one  in  France. 

Travaux  Pdbltes  des  Etats  Unts  d'Amer- 
I  ique  EN  1871.  Rapport  des  Mission.  Par 
M.  Malezieux,  Ingenieur  en  Chef.  Paris : 
Dunod.     For  sale  by  Van  Nostrand.     $28. 

This  magnificent  report  deserves  that  enlarge- 
ment of  its  circle  of  readers  which  a  translation  into 
English  can  alone  insure.  The  detailed  descriptions 
of  the  great  engineering  works  now  in  progress  in 
this  country,  are  so  admirably  rendered  in  every 
way,  that  a  wide  circulation  of  the  report  seems 
eminently  desirable.  The  kindly  appreciative  spirit 
in  which  the  talemed  author  writes  of  our  recent 
exploits  in  engineering,  may  be  inferred  from  the 
closing  paragraph. 

"Without  losing  sight  of  what  is  purely  utili- 
tarian, the  Americans  have  given  to  their  works 
astonishing  dimensions.  Champollion  said  of  the 
monuments  of  Egypt  that  they  seemed  to  have 
been  built  by  giants,  and  for  giants.  But  a 
feeling  of  oppression  overcomes  us  when  we  think 
of  the  muscular  force  which  armies  of  slaves  have 
there  expended. 

"  But  the  Americans  seem  in  the  architecture  of 
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their  public  works  to  have  abandoned  the  time- 
honored  unit  of  measure,  and  to  have  established 
a  larger  one  in  its  place.  But  to  their  eternal 
honor  in  relieving  man  from  his  ancient  role  of 
beast  of  burden,  they  have  transformed  into  pal- 
pable reality  the  sovereignty  of  mind  over  matter." 
The  report  including  the  plates  fills  two  large 
quarto  volumes. 

treatise  on  the  application  of  zore's 
Truncated  Iron  to  Floors,  Roofs  and 
Bridges.  By  P.  Schwaeble.  Edinburgh: 
Thomas  Scott.     For  sale  by  Van  Nostrand.     $1. 

This  form  of  section  for  iron  beams  originated, 
we  believe,  in  France,  but  it  finds  many  advocates 
in  other  countries.  It  is  a  substitute  for  the  IT 
or  T  sections,  in  such  common  use  at  present. 
The  "Zore"  cross  section  is  a  V  section,  with 
heavy  flanges  turned  outward  at  the  end  of  each 
branch,  and  the  vertex  exchanged  for  a  flat  area 
parallel  to  the  flanges.  The  thickness  of  the  top 
plate  and  flanges  is  somewhat  greater  than  that  of 
the  sides  or  branches. 

The  pamphlet  discusses  the  merits  of  this  pecu- 
liar form,  giving  formulas  and  tabulated  results  of 
calculations  from  them  for  all  required  dimen- 
sions of  the  beams. 

The  Water  Works  of  Brooklyn.  For  sale 
J.      by  Van  Nostrand.     25c. 

This  brief  description  of  an  extensive  work  is 
designed  to  answer  the  popular  inquiries  regard- 
ing the  character  and  extent  of  the  Brooklyn 
water  supply. 

The  history  of  the  project  is  shortly  sketched, 
and  a  brief  description  of  the  natural  and  artificial 
reservoirs.  The  pamphlet,  which  is  exceedingly 
minute,  contains  matter  of  local  interest  chiefly, 
and  given  in  a  semi-scientific  manner,  the  better 
to  suit  a  wide  circle  of  inquirers. 


MISCELLANEOUS. 


Asphalt  Paper. — Asphalt  paper  is  likely  to 
become  of  great  use  in  many  ways.  In  thin 
sheets  it  is  useful  for  wrapping  silks  or  other  fa- 
brics that  need  protection  from  moisture,  for  lin- 
ing cases,  or  packing  boxes  for  pianos,  etc.,  or  rolled 
up  into  pipes  for  conveying'  water.  Asphalt 
tubes  are  only  one-fifth  the  weight  of  iron,  will 
not  rust,  and  are  quite  tough  and  strong.  The 
tubes  are  simply  sheets  of  paper,  of  a  peculiar 
quality,  dipped  in  melted  asphalt,  and  then  rolled 
upon  a  cylinder.  A  machine  for  preparing  the 
asphalt  wrapping  paper  consists  of  a  hollow  cyl- 
inder, heated  by  steam,  and  a  wedge-shaped  box, 
containing  the  hot  asphalt.  The  box  has  a  nar- 
row slit,  the  width  of  the  paper,  and  as  the  paper 
passes,  a  thin  layer  of  asphalt  is  distributed  on 
the,  paper  just  before  it  passes  the  cylinder. 

Ancient  Timber. — Probably  the  oldest  timber 
in  the  world,  which  has  been  subjected  to  the 
use  of  man,  is  that  which  is  found  in  the  ancient 
temples  of  Egypt.  It  is  found  in  connection 
with  stone  work,  which  is  known  to  be  at  least 
4,000  years  old.  This  wood,  and  the  only  wood 
used  in  the  construction  of  the  temple,  is  in  the 


form  of  ties,  holding  the  end  of  one  stone  to  an- 
other in  its  upper  surface.  When  two  blocks 
were  laid  in  place,  then  it  appears  that  an  excava- 
tion about  an  inch  deep  was  made  in  each  block, 
into  which  an  hour-glass  shaped  tie  was  driven. 
It  is  therefore  very  difficult  to  force  any  stone 
from  its  position.  The  ties  appear  to  have  been 
the  tamarisk,  or  shittim  wood,  of  which  the  ark 
was  constructed,  a  sacred  tree  in  ancient  E^ypt, 
and  now  very  rarely  found  in  the  valley  of  the 
Nile.  These  dovetailed  ties  are  just  as  sound  now 
as  on  the  day  of  their  insertion.  Although  fuel 
is  extremely  scarce  in  that  country,  these  bits  of 
wood  are  not  large  enough  to  make  it  an  object 
with  Arabs  to  heave  off  layer  after  layer  of  heavy 
stone  for  so  small  a  prize.  Had  they  been  of 
bronze,  half  the  old  temples  would  have  been  de- 
stroyed ages  ago,  so  precious  would  they  have 
been  for  various  purposes. 

rrHE  Lackawanna  Iron  and  Coal  Company,  Scran- 
1  ton,  Pa.,  have  erected  a  new  cupola  furnace 
which  is  67  ft.  high,  and  at  the  boshes  23  ft.  diam- 
eter. The  capacity  of  the  furnace  will  exceed 
300  tons  per  week,  and  its  cost  will  reach  $200,- 
000.  Being  a  large  furnace,  it  is  of  course  herald- 
ed as  the  largest  in  the  world,  but  this  is  not  true. 
The  highest  furnace  is  102  ft.  high,  and  the  widest 
has  boshes  of  30  or  33  ft,  diameter. — Engineering 
and  Mining  Journal. 

TTniform  time  for  the  railways  of  the  country 
U  promises  to  be  secured  by  regulating  the 
clocks  in  the  depots  of  the  leading  lines  in  the 
principal  cities  by  the  clock  in  the  Western  Union 
office,  at  New  York,  as  that  is  regulated  from 
Washington.  These  clocks  will  have  two  sets  of 
hands,  operated  by  the  same  movement,  and  indi- 
cating at  once  the  standard  and  the  local  time. 
One  in  the  telegraph  office  at  Port  Hastings,  Cape 
Breton,  shows  the  difference  of  50  min.  10  sec.  and 
1 4- GO  of  a  second  between  Port  Hastings  and  New 
York.  A  clock  to  be  placed  at  the  terminus  of 
the  French  cable  in  Duxbury,  Mass.,  will  show  the 
time  of  Washington  and  Greenwich  together. 
The  Washington  time  will  be  furnished  from  the 
telegraph  offire  in  New  York,  while  the  Green- 
wich will  be  transmitted  by  cable.  It  is  not  y#*t 
decided  whether  Washington  or  New  York  will 
be  made  the  basis.  New  York  time  was  in  vogue 
on  most  of  the  Eastern  Railways  and  as  far  west  as 
Buffalo,  but  there  is  no  rule  in  the  matter.  The 
proposed  system  will  change  all  that,  and  mis- 
takes arising  from  the  want  of  a  regulated  time 
will  no  longer  occur. 

The  Projected  Canal  through  the  Isth- 
L  mus  of  Corinth.— According  to  the  "  Le- 
vant Herald"  it  appears  that  the  concession  for 
the  canal  through  the  Isthmus  of  Corinth  ha3  been 
granted  by  the  Greek  Government  to  a  Greek 
banker  of  London.  This  concession  includes  a 
grant  of  30  millions  of  square  yards  of  land  for 
building  purposes,  docks,  etc.,  the  mines  and  for- 
ests in  the  neighborhood  of  the  canal,  the  minerul 
springs  of  Zutraki,  railroads  and  tramways,  the 
Lake  of  Stymphalia  for  irrigation,  the  monopoly 
of  the  navigation,  and  numerous  other  privileges. 
This  undertaking  is  said  to  be  looked  upon  favor- 
ably in  the  Levant. 
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KETAINING  WALLS* 


Retaining  walls  are  adopted  as  a  neces- 
sary expedient  in  railway  and  other  practice, 
often  under  very  peculiar  circumstances,  as 
when  there  is  not  sufficient  room  for  the 
slope  of  the  embankment;  it  being  some- 
times perched  high  on  a  steep  mountain's 
side,  and  where  it  would  have  been  hardly 
possible  to  construct  a  railway  at  all,  except 
by  securing  it  with  a  massive  wall  occupy- 
ing comparatively  little  space. 

When  it  is  also  remembered  how  fear- 
fully terrible  any  accident  would  be  if  it 
was  to  occur  in  such  a  dangerous  situa- 
tion— if  by  any  erroneous  calculation  or 
mistaken  judgment  on  the  part  of  the  en- 
gineer sufficient  strength  had  not  been  given 
to  the  work,  the  wall  which  was  to  have 
supported  the  embankment,  suddenly  giving 
way,  falling  over  into  a  deep  ravine  or  chasm,  j 
a  large  portion  of  the  embankment  going 
with  it,  and,  it  may  be  also,  a  passing  train 
— there  can  be  no  doubt  but  that  the  nature 
of  the  material  of  which  the  embankment 
is  to  be  made  should  be  understood,  and 
the  best  form  and  requisite  dimensions  for 
the  wall  should  be  well  considered  and  ac- 
curately ascertained  beforehand,  so  that  it 
may  be  amply  strong  enough. 

At  the  same  time  that  the  wall  should  be 
made  perfectly  secure,  it  is  also  often  desir- 
able that  any  unnecessary  excess  of  strength 
should  not  be  given  to  it,  and  so  thereby 
avoid  increasing  its  cost  considerably,  as 
the  value  of  work  is  often  very  much  en- 


*  Surcharged  and  Different  Forms  of  Retaining  Walls,  by 
James  S.  Tate,  C.  E.     London :  E   &  F.  N.  Spon. 
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hanced  when  it  has  to  be  executed  in  such 
inaccessible  situations  as  before  mentioned, 
where  all  the  materials  for  building  it  may 
have  to  be  brought  from  a  great  distance. 

The  engineer  thus  may  be  at  a  loss  to 
determine  of  what  size  a  retaining  wall 
should  be  built,  so  as  to  be  safe  against  all 
contingencies  that  can  occur,  and  yet  also 
to  be  economical. 

In  many  cases  there  have  been  failures 
which  may  have  arisen  from  not  correctly 
ascertaining  beforehand  how  the  material  of 
which  the  embankment  is  composed  will  be 
affected  by  the  alternations  of  wet  and  dry 
weather  before  it  is  thoroughly  consolidated, 
and  the  precise  angle  at  which  its  slope  will 
stand  in  either  case,  thereby  causing  a  con- 
siderable difference  in  its  pressure  against 
the  wall. 

A  retaining  wall  also,  as  in  the  case  of 
the  wing-walls  of  a  bridge,  being  built  at 
the  same  time  that  the  embankment  is  being 
filled  in  behind  it,  has  often  to  withstand 
then  a  considerable  greater  pressure  than  it 
will  have  to  do  afterwards  when  the  em- 
bankment is  settled ;  this  also  perhaps 
when  its  work  is  greon,  and  not  prepared 
to  resist  the  pressure  intended  for  it.  Some- 
times also  the  punning  of  the  material  be- 
hind it  has  (as  is  often  the  case)  not  been 
done  effectually,  and  a  heavy  rain  changes 
the  dry  earth  or  clay  into  a  wet  sludge, 
causing  it  to  swell  considerably. 

It  therefore  being  such  an  important 
point  in  railway  construction,  it  would  no 
doubt  be  very  desirable  if  some  simple  form 
of  calculation  were  used,  not  only  strictly 
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accurate,  but  easily  adapted  to  any  circum- 
stances that  may  occur.  In  the  case  of  a 
wall  where  the  embankment  is  level  with 
its  top  the  calculation  of  the  pressure  is 
w^ll  known,  being  very  simple,  and  is  as 
follows : 

Let  B  D  be  the  back  of  a  retaining  wall, 
D  E  the  natural  slope  of  the  embankment, 

A  B  G  E 


then  if  we  bisect  the  Z.  B  D  E  by  the  line 
D  6,  B  D  G  is  the  portion  of  the  embank- 
ment supported  by  the  retaining  wall. 

Now  the  weight  of  B  D  G  :  pressure  of 
its  weight  against  the  wall  ::BD:BG:  : 
H  :  H  tang.  LBDG,     The  weight  of 

BDG  =  5xbgX*F= 

is 

5  X  Htang.  LBDGX  W= 
n,xUng.LBT>axW 

Pressure  of  weight  of 

BDQ  =  H=X^SlAl£llxrxtang.z.BDG 

Moment  of  pressure  of  weight  of 

^^xtang.2  ^BDGXIF, 

D 

and  the  double  of  this  moment  for  stability 
=  ^rX  tang-2  LBDGXW. 

o 

In  the  case  of  a  vertical  wall,  as  A  B  C  D, 
its  weight  =  WHB,  and  the  moment  of 
its  weight 

WHB2 


then  for  equilibrium, 


WHB2      H3 

—  „—  =  —  X  tang.2  L  B  D  G  X  W, 


and  B  =  H  tang.  {.BDG 


/W 

V  T 


and  for  stability, 

W  H  R3       H3 

— —  -  tL  x  tang.2  L  BDG  X  W, 


and  B  =  H  tang.  /.BDG 


The  figures  in  the  columns  of  Table  No* 

1,   are  calculated  from   this   last   formula* 

and  are 

/2lF 
Htang.  LBVG  ^y~, 

so  if  divided  by  the  square  root  of  the 
weight  of  a  cubic  foot  of  the  wall,  they  will 
give  the  thickness  of  the  wall. 

Table  No.  2  gives  double  the  moments  of 
the  pressure  of  the  weight  of  different  ma- 
terials to  form  the  embankment,  calculated 
from  the  formula 


H: 


X  tang.2  L  BDG  X  W, 


and  which,  if  made  equal  to  either  of  the 
moments  of  the  weight  of  different  forms  of 
retaining  walls  given,  the  dimensions  of 
that  form  of  retaining  wall  required  can  be 
readily  ascertained. 

Having  now  given  the  usual  formulae  and 
Tables  for  easy  calculation  deduced  from 
them,  for  calculating  the  dimensions  of  a 
retaining  wall  with  an  embankment  level 
with  its  top,  what  is  next  required  is  a  con- 
venient and  ready  method  of  accurately 
calculating  the  pressure  of  a  surcharged 
embankment.  The  author  is  not  aware  if 
the  method  of  calculation  and  formulse  he 
gives  here  are  new,  but  the  Tables  for  gen- 
eral use  have,  he  thinks,  the  merit  of  sim- 
plicity. 

When  the  embankment  slopes  away  up- 
wards above  the  top  of  the  wall,  the  calcu- 
lation of  its  pressure  is  a  little  more  com- 
plex, and  no  method  of  finding  it  has  yet 
been  given  that  is  simple,  or  that  can  be 
easily  used  in  practice.  Moseley,  Hann,  and 
Rankine,  in  their  works  give  equations  very 
abstruse,  and  apparently  of  no  practical  ap- 
plication. Hann  also  takes  into  account 
the  pressure  of  the  slope  of  the  embankment 
resting  on  the  top  of  the  wall,  a  refinement 
of  the  calculation  practically  altogether  un- 
necessary, and  which,  by  complicating  the 
original  equation,  renders  mistakes  more 
likely  to  occur. 

If  A  C  be  the  natural  slope  of  the  em- 
bankment rising  upwards  above  the  top  of 
the  wall  A  B  Gr  H,  B  E  a  line  parallel  to  it 
from  the  foot  of  the  wall,  B  C  bisecting  the 
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/.ABE,  then  A  B  G  is  the  portion  of  the 
embankment  to  be  retained  by  the  wall. 
Now  when  A  B  is  vertical,  the  length  of 
the  slope  to  be  retained,  A  C,  will  be  equal 
to  the  height  of  the  wall.  If  L  E  B  F  =  the 
angle  of  the  slope  of  the  embankment  =  </>, 
then 

LABO-^AOB-.^, 


and  if  H  =  height  of  the  wall,  then 


BC 


sin.  (90°  +  4>) 


sml^r) 

and  the  weight  of 


=  Hfl;  AL  =  HVl 


WR*         /       ri* 


Table  1. — Thickness  of  Vertical  Retaining  Walls,  to  sustain  the  Pressure  of  Earth,  Sand,  etc.,  level 
with  its  top.  The  Moment  of  the  Wall  is  equal  to  twice  that  of  the  Earth,  etc.,  to  insure  permanent 
stability. 


Height 

Sand. 
A  =  30°. 

Shir 

gle. 

40°. 

Dry  earth. 
L  =  43°. 

Do.,  moist  or 
natural. 
L  =  54*. 

Do.,  dense  and 
compact. 
L  =  55°. 

Clay. 
L  =  16©. 

Clay.     1 
L  =  45°. 

ol  wall. 

94  lbs. 

120  lbs 

119  lbs. 

106  lbs. 

94  lbs. 

106  lbs. 

125  lbs. 

125  lbs. 

125  lbs. 

6 

27.42 

30.98 

24.92 

23.52 

20.65 

16.39 

17.27 

41.27 

22.69 

7 

31.99 

36.15 

29.07 

27.44 

24.09 

19.12 

20  15 

48.15 

26.47 

8 

36.56 

41.31 

33.23 

31.36 

27.53 

21.85 

23.03 

55.03 

30.25 

9 

41.13 

46.47 

37.38 

35.28 

30.98 

24.58 

25.90 

61.91 

34.03 

10 

45.70 

51.64 

41.53 

39.20 

34.42 

27.31 

28.78 

68.79 

37.81 

11 

50.27 

56.80 

45.69 

43.12 

37.86 

30.04 

31.66 

75.67 

41.59 

12 

54.84 

61.97 

49.84 

47.04 

41.30 

32.78 

34.54 

82.55 

45.38 

13 

59.42 

67.13 

53.99 

50.96 

44.74 

35.51 

37.42 

89.43 

49.16 

14 

63.99 

72.29 

58.15 

54.88 

48.19 

38.24 

40.29 

96  31 

52.94 

15 

68.56 

77.46 

62.30 

58.80 

51.63 

40.97 

43.17 

103.18 

56.72 

16 

73.13 

82.62 

66.45 

62.72 

55.07 

43.70 

46.05 

110.06 

60.50 

17 

77.70 

87.79 

70.61 

66.64 

58.51 

46.43 

48.93 

116.94 

64.28 

18 

82.27 

92.95 

74.76 

70.56 

61.95 

49.16 

51.  SI 

123.82 

68.ud 

19 

86.84 

98.11 

78.91 

74.48 

65.40 

51.  S9 

54.69 

130.70 

71.84 

20 

91.41 

103.28 

83.07 

78.40 

68.84 

54.63 

57.56 

137.58 

75  62 

21 

95.98 

108.44 

87.22 

82.32 

72.28 

57.36 

60.44 

144.46 

79.40 

22 

100.55 

113.61 

91.38 

86.24 

75.72 

60.09 

63.32 

131.34 

83.18 

23 

105 . 12 

118.77 

95.53 

90.16 

79.17 

62.82 

66.19 

158.22 

86.96 

24 

KJ9.69 

123.94 

99.68 

94.08 

82.61 

65.56 

69.07 

165.10 

90.74 

25 

114.26 

129.10 

103.84 

98.00 

86.05 

68.29 

71.95 

171.97 

94.52 

26 

118.83 

134.26 

107.99 

101.92 

89.49 

71.02 

74.83 

175.85 

98.31 

27 

123.40 

139.43 

112.14 

105.84 

92.93 

73.75 

77.71 

185.73 

102.09 

28 

127.97 

144.59 

116.30 

109.76 

96.38 

76.48 

80.58 

192.61 

105.87 

29 

132.54 

149  76 

120.45 

113.68 

99.82 

79.21 

83.46 

199.49 

109.65 

30 

137.11 

154.92 

124.60 

117.60 

103.26 

81.94 

86.34 

206.37 

113.43 

W  being  the  weight  of  a  cubic  foot  of  the 
embankment.     Pressure  of  the  weight  of 


B  AC  = 


IF  IT 


^1      *    Xtang.-* 


2  V  4: 

moment  of  pressure  of  weight  of 


B  AC  = 


WW 


r 


90°-^ 


y/  1  -       X  tang.  - 


WR"   a       /l         0*   v  *  90°- 

~6~  d  V  l  ~  J  x  tang'  ~W 
double  this  moment  for  stability 

WW 


1-|X  tang. 


Table  No.  3  gives  the  value  of 


(w 


j-  X  tang. 


90°  - 


**)- 


for  every  deg.  of  inclination  of  the  slope  of 
the  embankment  from  15  deg.  to  40  deg., 


so  that  by  multiplying 


WW 


by  this  value, 


double  the  moment  of  the  pressure  of  the 
embankment  will  be  given,  and  Table  No. 


7L 


/ 
/ 


/>-  P 


5   gives   double  the  moments  of  different 
kinds  of  material  accordingly. 
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In  the  case  of  a  vertical  wall,  the  moment 
WHB2 
of   its  weight  =   — ,  W   being   the 

weight  of  a  cubic  foot  of  the  wall.     Then 
for  equilibrium, 

and  B  ^=.5773  H^X^, 


and  B  =  .81649  H  3LL^ 


WHI 

»2      cWH3 

2 

6 

and  for 

stability, 

WHB2 

cWH* 

2  3 

Table  No.  4  is  _ 
mula  .81649  H  V  c 


calculated  from  the  for- 


W,  so  that  the  figures 
in  that  Table,  divided  by  the  square  root  of 
the  weight  of  a  cubic  foot  of  the  wall,  will 
give  the  thickness  of  the  wall  required  for 
stability. 

Table  No.  5  gives  double  the  moments  of 
the  pressure  of  the  weight  of  different  ma- 
terials to  form  a  surcharged  embankment, 
with  a  retaining  wall  up  to  30  ft.  in  height, 
and  which  if  made  equal  to  either  of  the 
moments  of  the  weight  of  different  forms 
of  retaining  walls  given  afterwards,  the  di- 
mensions required  for  that  form  of  wall 
can  be  at  once  found. 

The  moment  of  a  wall  of  this  section  is 


where  B  is  the  vertical  portion  of  the  wall, 


S 


H 


and  S  is  the  slope.     If  S  =  j-,  or  3"  to  a  ft, 
its  moment 

The  moment  of  a  battering  wall  of  equal 
thickness 


WHB 

2 


B  +  SH), 


where  B  =  thickness  of  wall,  and  SH  = 
the  batter  of  the  slope  on  the  face.     If 


S  =•  r-f  its  moment  = 
4 


WHB 


(»+:) 


and  if  E  F,  the  perpendicular  from  its  cen- 
tre of  gravity,  falls  on  its  inside  corner,  its 
moment  =  WH  B2,  and  the  wall  then  will 
have  the  greatest  amount  of  resisting  power 
with  security,  and  also  with  a  minimum 
amount  of  material  in  it.  In  that  case,  if 
M  =  moment  of  earth,  W  =  weight  of  a 
cubic  foot  of  the  wall ;  for  stability, 


/  2  M 

s  =  V  ww  s  H  being  =  R 

To   exemplify   this,   let   H   =  20   feet, 

S  =  I ,  W  =  sand  of  120  lbs.  to  the  cubic 

foot  in  a  surcharged  embankment,  W  = 
brick  of  120  lbs.  to  the  cubic  foot  in  the 
wall.  Then  by  Table  No.  5,  the  double 
moment  of  that  kind  of  sand  =  160,000. 
Then  for  the  first  section  of  wall, 


120  x  20 


((B+24°y-^)  =  160,000,   and 

B  =  6.9.     In  this  case,  weight  of  wall 
=  120  ((20  X  6.9)  +  (*L*-??)  J  =  22,560. 

For  second  section  of  wall, 


B  X  20  X  120 


(B  +  Z-)  =  160,000, 


and  B  =  9.31,  weight  of  wall  =  9.31  X 
20  X  120  =  22344.  For  second  section 
of  wall,  and  a  perpendicular  from  its  cen- 
tre of  gravity  to  fall  on  its  inside  corner, 
120  X  20  X  B2=  160,000,  and  B  ==  8.16, 
weight  of  wall  =  8.16  X  120  X  20  ==  19593 
only,  showing  a  considerable  saving  of  ma- 
terial with  this  wall. 

At  the  same  time,  though  this  wall  has 
the  greatest  amount  of  resisting  power  with 
the  smallest  amount  of  material  in  it,  yet 
perhaps  it  may  be  a  question  if  it  would  not 
be  advisable  to  make  walls  of  great  height 
thicker  from  their  base  upwards  to  one- 
third  of  their  height,  which  is  the  centre  of 
pressure. 

If  we  now  consider  a  wall  of  this  form 
of  cross-section,  the  outside  slope  of  which  is 
S  to  1,  and  the  inside  slope  next  to  the  em- 
bankment S'  to  1,  we  find  that  its  weight  is 

W  H2 

W  H  B  +  -^-  (S  -  SO, 
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and  the  moment  of  its  weight 

=^Xh(s^o(2SH3-8/H  +  b) 

+  B(SH  +  B))f 


=  WH 


and  the  moment  of  its  weight 


WH 


(■( 


EF-fB 


"°  (¥+¥+? 


))• 


Then,  if  the  height  of  the  wall  be  20  ft., 
and  its  weight  be  120  lbs.  per  cubic  foot,  as 


before,  its  outside  slope  —  to  1,  and  its  in- 
side  slope  next  to  the  embankment  —  to  1, 


then  CF 
moment 

=  120  X  20 


2J  ft,  E  C  =  2|  ft.,  and  its 


(»('4-B)+»( 


1+1+?)) 


=  160,000,  the  double  moment  of  the  em- 
bankment. 

From  this  equation  we  find  B  =  8.088, 
and  therefore  the  weight  of  that  wall 


120  X  20 


(8.088  +  2-^) 


22411, 


or  if  we  call  it  C  E  and  C  F,  where  C  E  is 
the  difference  between  the  slopes  of  the 
front  and  back  of  the  wall,  T>  E  being 
drawn  parallel  to  the  face  A  B,  and  C  F  is 
the  batter  of  the  back  of  the  wall,  then  its 
weight  is 

EC 
2 


and  which  is,  what  might  have  been  ex- 
pected from  the  form  of  its  cross-section, 
being  between  that  of  the  first  form  of  wall 
before  mentioned,  whose  weight  was  22560, 
and  that  of  the  second  form,  whose  weight 
was  22344,  less  than  the  one  and  more  than 
the  other. 

The  form  of  cross-section  of  wall,  having 
its  front  and  back  parallel,  with  the  perpen- 
dicular from  its  centre  of  gravity  falling  on 
its  inside  corner,  having  been  proved  to  be 
the  most  economical  in  material,  it  may  be 
asked,  why  should  not  this  principle  be  car- 
ried further,  and  walls  generally  be  built 
thicker  at  the  top  than  at  the  bottom,  so  as 
to  have  their  centre  of  gravity  higher  up  ? 
This,  by  increasing  the  distance  of  a  per- 


Table  2. — Double  Moments  of  the  Pressure  of  the  Weight  of  Embankments  of  Earthy  Sand,  etc., 

level  with  the  top  of  Wall. 


Sand. 

Shingle . 

Dry  earth. 

Do.,  moist 
or  natuial. 

Do.,  dense 

and 
compact. 

Clay. 

Water. 

CTTH3 
3 

=10.4  H^ 

13.3  H3 

8.62522  Ha 

7.6829  H3 

5.92394  H  3 

3.73024  H  3 

4.14222  H  3 

23.66012  H  3 

7.14887  H  3 

20.83  H * 

6 

2256 

2880 

1863 

1659 

1280 

806 

895 

5110 

1544 

4500 

7 

3582 

4573 

2958 

2635 

2032 

1279 

1421 

8115 

2452 

7146 

8 

5347 

6827 

4416 

3934 

3033 

1910 

2121 

12114 

3660 

10666 

9 

7614 

9720 

6287 

5601 

4318 

2719 

3020 

17248 

5211 

1518T 

10 

10444 

13333 

8625 

7683 

5924 

3730 

4142 

23660 

7149 

20833 

11 

13901 

17747 

11480 

10226 

7885 

4965 

5513 

31492 

9515 

27729 

12 

18048 

23040 

14904 

13276 

10236 

6446 

7158 

40885 

12353 

36000 

13 

22946 

29293 

18949 

16879 

13015 

8195 

9100 

51981 

15706 

45771 

14 

28659 

36587 

23667 

21081 

16255 

10236 

11366 

64923 

19616 

57166 

15 

35250 

45000 

29110 

25929 

19993 

12590 

13980 

79853 

24127 

70312 

16 

42780 

54613 

35329 

31468 

24264 

15279 

16966 

96912 

29282 

85333 

17 

51313 

65507 

42376 

37745 

29104 

18327 

20251 

116242 

35122 

102354 

18 

60912 

77766 

50302 

44805 

34548 

21755 

24157 

137986 

41692 

121500 

19 

71638 

91453 

59160 

52696 

40632 

25586 

28411 

162285 

49034 

142896 

20 

83555 

106666 

69002 

61461 

47391 

29842 

33138 

189281 

57191 

166666 

21 

96726 

123480 

79878 

71149 

54862 

34546 

38361 

219116 

66206 

192937 

22 

111212 

141973 

91841 

81805 

63078 

39720 

44106 

251933 

76121 

221833 

23 

127077 

162227 

104943 

93475 

72077 

45386 

50398 

287873 

86980 

253479 

24 

144384 

184320 

119235 

106206 

81S92 

51567 

57262 

327077 

98826 

288000 

25 

163194 

208333 

134769 

121042 

92561 

58285 

64722 

369689 

111701 

325521 

26 

183571 

234346 

151597 

135035 

104119 

65563 

72804 

415850 

125650 

366166 

27 

205578 

262440 

169770 

151222 

116601 

73422 

81531 

465702 

140711 

410062 

28 

229276 

292693 

189341 

168655 

130042 

81886 

90930 

519387 

156932 

457333 

29 

254729 

325186 

210360 

187378 

144479 

90977 

101025 

577046 

174354 

508104 

30 

282000 

360000 

232881 

207438 

159946 

100716 

111840 

638823 

193019 

562499 
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pendicular  from  it  to  the  outside  edge  of 
the  wall  at  its  foot,  would  much  increase  its 
resisting  power  to  the  overturning  force  of 
the  bank.  It  no  doubt  could  be  done,  and 
where  the  wall  is  of  great  thickness  it  may 
be  safe  to  do  so,  but  as  there  is  a  fear,  how- 
ever, of  too  much  reducing  the  thickness  of 
the  wall  at  one-third  of  its  height,  where  is 
the  centre  of  pressure,  perhaps  it  may  be 
advisable  to  make  the  form  of  equal  thick- 
ness throughout,  the  limit  of  our  endeavor  to 
economize  material  with  these  forms  of  wall. 
The  moment  of  this  form  of  wall,  with  its 
vertical  side  against  the  embankment,  is 
W  H  B* 
3  ' 
and  if  it  be  required  to  support  water,  whose 


double  moment  is  20.83  H3,  we  find  from 
the  equation 


W  HB2 


=  20.83  H3,  B 


7.9  H 

y'w' 

W  being  the  weight  of  a  cubic  foot  of  the 
wall. 

When  the  sloping  side  of  the  wall  is  next 
to  the  water,  the  pressure  of  the  water  on 
it  assists  the  resisting  power  of  the  wall. 
Its-  moment  is 

WHB2 
6       ' 
and  the  pressure  of  the  water  on  the  slope 

S  =  62.5S  X?  =  31.25  S  H. 

2 

Thus,  when  resolved  into  the  horizontal  and 
vertical  forces,  the  former  is 

31.25  SHX  sin.  L  a  =31.25  SH X 5  =  31.25  H2, 

and  the  latter  is 

31.25  SHX  cos.  a  =  31.25  S  H  X  -  =  31.25  HB. 

to 


The  moment  of  the  former  force 
=  31.25  H2  X*^  =  10.416  H3, 


and  which  tends  to  overturn  the  wall ;  and 
the  moment  of  the  latter  force 

=  31.25  HBX^  =  20.83  HB2, 
3 

and  which  tends  to  assist  the  wall.  The  total 
moment  of  the  wall  for  stability  must  there- 
fore =  2  (moment  horizontal  force  —  mo- 
ment vertical  force) 

=  2  (10.416  H3  -  20.83  H  B2)  = 
20.83  H(H2- 2  B2). 


Then 


and 


WHB2 


B  = 


=  20.83  H(H2 -2  B2), 
11  18  H 


V  W  +  250 

If  we  take  H  =  20  feet,  and  W  =  120  lbs. 
per  cubic  foot,  then  in  the  first  case, 
7.9  X  20 


B 


V  120 

and  the  weight  of  the  wall 
120  X20X  14.42 


=  14.42, 


=  17304  ; 


and  in  the  second  case 

11.18  X  20 


B  = 


l/l  2u  +  250. 
and  the  weight  of  the  wall 
120  X  20  X  11  .62 


11.62, 


13949. 


The  moment  of  a  wall  of  this  section  is 
as  before  mentioned,  when  the  water  presses 


H 


against  the  vertical  side,  but  if  it  is  on  the 
slope,  the  moment  is 

w  H   r  s2>v 

—  (B(B  +  S)+lr). 

If  we  have  an  embankment  of  this  form  of 


Pepin^^. 

/ 

!ljj| 

B 

sill! 

cross-section,  where  the  slopes  are  the  same 
on  both  sides,  its  moment  is 
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teeper  slope  is  on  the  insicl 
ment,  its  moment  is 


If  the  steeper  slope  is  on  the  inside  of  the 
embankment,  its  moment  is 


If  the  steeper  slope  is  on  the  outside  of  the 
embankment,  its  moment  is 

wh(b(s^)  +  (s<+1)P^)). 


If  in  these  last  five  equations  W  =  120 
lbs.  to  the  cubic  foot,  H  =  20  feet,  S  =  20 
feet,  S'  =  10  feet,  and  B  =  10  feet,  then 
the  moment  of  the  first  section 

=mx20((10+aB),_^)=moou; 

of  the  second  section 

=  l^(10(10  +  20)  +  f)  =  520,000; 

of  the  third  section 

=  120X20(U(10+32X20)+   20*) 
=  1,800,000  ; 
of  the  fourth  section 

=  120  X  20  (10  (20  +  1-^±i-°)  +  (20  4-  L°) 

of  the  fifth  section 

=  12OX2o(l0(lO  +  ^°)  +  (lO+ln) 

(^-°))  =  1,080,000. 

In  these  equations  the  moments  of  the 
walls  are  to  be  made  equal  to  twice  the 
difference  of  the  moments  of  the  horizontal 
and  vertical  forces  of  the  water,  as  before, 
when  the  sloping  side  is  next  to  the  water. 
If  the  wall  is  to  be  built  with  a  curved 


batter  instead  of  a  slope,  to  facilitate  the 
calculation  of  its  -moment  we  may  assume 
the  curve  to  be  of  a  parabolic  form,  and 
from  which,  in  the  curves  generally  us<d 
for  that  purpose,  it  will  not  sensibly  differ. 
The  calculations  of  the  moments  of  a  few 
forms  of  wall  with  curved  batter  are  given, 
to  show  how  they  have  been  arrived  at. 

To  find  the  moment  of  a  retaining  wall 
with  curved  batter  generally,  let  ABE  be 
of  the  parabolic  form,  then  the  area  of 

ABE=?XBE. 

o 

Now  the  centre  of  gravity  of  A  B  E  will  be 
found  sufficiently  correct  for  all  practical 
purposes  if  it  is  taken  to  be  in  the  perpen- 


dicular line  G F,  which  will  bisect  ABE. 
Now 

AEFG=AEFN-AGN= 


HXEF--GNXEF= 


ARE       H 


XBE, 


A  K  =  B  E  :  B  K2  —  H2  :  :  A  N  =  E  F  :  G  N2, 
GN 


H  V"^E 


HxEF 


H 


/E  V 


H 


— =  X  E  F  =  —  B  E, 


*   V  BE 


2_      /EF  =  j 
3  V    BE 


EF 
BE 


3BE 


+ 


BE 
6EF' 

BE2 


4Ei'T16EF2' 


BE3-12BE2XEF  +  36BEXEF2-16EF3=0, 
(BE-4EF)  (BE2 -8  BE  X  E  F -f  4  EF2)  =  0, 

3BE 


0,  BF  = 


BE-4EF 

Moment  of 

ABE=HBEX3BE  =  HBE!; 

6  4  * 

moment  of 

AEOD  =  (EXOE)(BE+y); 
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moment  of 


ABCD  =  h(— +CEXBE-f^) 

=  f  ((CE-f  BE)2-?^!). 

If  we  take  a  triangle  of  equal  area  with 
A  G  B  E,  and  similar  to  a  triangle  ABE, 
we  shall  find  that  it3  base  will 


•6 


=  BEV/': 


and  therefore  the  distance  of  a  perpendicu- 
lar from  its  centre  of  gravity  to 

E_.8165BE_2722BE| 
3 

and  therefore,  BE-  .2722  B  E  =  .7278  B  E 
from  B,  or  nearly  the  same  as  before.  Let 
C  E  =  6,  and  other  values  as  before,  then 

l^(««  +  BB).-5^)- 

160,000,  BE  =  6.403, 
and  weight  of  wall 

—  120  ^20  X  6  +  1  20  X  6.4)  —  19523. 


To  find   the   moment   of   ABCD   when 
ABE  =  AECD.     Then    . 

BE=-3CE,  area  of  ABE  =  H  X  -— ^  =  HXCE. 

u 

Moment  of 

ABCD=(HXCE)(BE  +  ™\  -f 

(hx^)(^)-(hxok, 

ace4-^")+(hxce)|-3ce  =  h^  ce2 

+  HyCE2  =  H-^CE2  =  H—  BC2. 
4  4  6A 

Then 

120  X  20  ^BC2  =  160,000, 
b4 


BC  =  13.62,  CE  =  3.4,    B  E  =  10.21, 


and  weight  of  wall 


=  120  A 


20X3.4  +  20 


10.21 


)- 


16314. 


When  both  the  front  and  back  of  the 
wall  are  curved  and  parallel.  When  E  F 
passes  through  the  centre  of  gravity,  to  find 
E  A.     Area  of 

E  A  B  F  =  HXEA+5  (B  F  -  E  A)  = 


area  of 


2H 


EFCB  =  HXCF  +  y(E  D-C  F) 

-foF  +  ^Pft 

then,  when  E  F  bisects  ABCD, 

^ea+§bf=|  cf+^ed, 
bf  =  cf  +  2(ed-ea). 

D  E    A 


For  stability. 

BF  = 


C     F  B 

3BC       3  A  D 


4  4 


3  AD      AD 


-f-  2  (E  D  -  E  A), 


and  as 


4  4 

AD  =  4ED-4EA, 

4AD  =  4ED  +  4EA, 
3AD  =  8EA,    E  A  =  |-  A  D. 

o 

To  find  E  A  when  the  perpendicular 
which  bisects  ABCD  passing  through  its 
centre  of  gravity  falls  on  its  inside  corner. 
Area  of 

ECD  =  |-HxED  =  f-H(AD-EA). 
o  o 

Area  of 

ABCE  =  HXEA  +  |(BC-EA), 
o 

y(AD-EA)  =  HXEA+?(BC-EA), 

=3_hea  +  |BC; 
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E    A 


To  find  the  moment  of  A  B  C  D  when 
the  curves  of  the  front  and  back  of  the  wall 
are  of  different  radii.     Area  of 


2H 


EFCD=HXCF-fy(DE-CF) 


area  of 


=  f0F  +  ^DE, 


H 


EABP  =  HXEA  +  ^(BF 


EA) 


«=ba+|bp, 


area  of 


H 


!D=^CF  +  yDE+yEA  + 
|bF  =  5(BC  +  2DA); 


moment  of  A  B  C  D  for  stability 

=  nr  X|(BC+2DA) 


HXBC 


Table  3. — For  SurcJiarged  Embankments. 


(B  C  -f  2  D  A). 


um.*-' 

.  90°  -  6 
Tang,  of — 

g       sin.  (90° +0) 
sin.  (*5Jl*j 

.  90°  -  6 
Tang,  of  — 

/.  of  slope  =  <fr. 

V           0* 
4 

(0^4') 

4     to  1  =  14°  12' 

37°  54/ 

.77847 

1.5782 

0.96944 

c 
0.75469 

15      0 

37    30 

.76732 

1.5867 

0.96592 

0.74118 

16      0 

37      0 

.75355 

1.5972 

0.96126 

0.72436 

17      0 

36    30 

.  73996 

1.6077 

0.95630 

0.70762 

18      0 

36      0 

.72654 

1.6180 

0.95105 

0.69098 

3     to  1  =  18    25 

35    47  % 

.72100 

1.6223 

0.94878 

0.68407 

19      0 

35    30 

.71329 

1.6282 

0.94551 

0.67443 

20     0 

35      0 

. 70020 

1.6383 

0.93969 

0.65798 

21      0 

34    30 

.68728 

1.6483 

0.93358 

0.64163 

22      0 

34      0 

.67450 

1.6581 

0.92718 

0.62539 

23      0 

33    30 

.66188 

1.6678 

0.92050 

0.60926 

24      0 

33      0 

.64940 

1.6773 

0.91354 

0.59326 

25      0 

32    30 

.63707 

1.6S68 

0.90630 

0.57738 

26      0 

32      0 

.62486 

1.6961 

0.89879 

0.56162 

2     to  1  =  26    35 

31    42# 

.61781 

1.7014 

0.89428 

0.55250 

27      0 

31    30 

.61280 

1.7053 

0.89100 

0.54601 

28      0 

31      0 

.60086 

1.7143 

0.88294 

0.53052 

29      0 

30    30 

.58904 

1.7232 

0.87461 

.    0.51519 

1%  to  1  =  29    44 

30      8 

.58045 

1.7297 

0.86834 

0.50403 

30     0 

30      0 

.57735 

1.7320 

0.86602 

0.50000 

31      0 

29    30 

.56577 

1.7407 

0.85716 

0.48496 

32     0 

29      0 

.55430 

1.7492 

0.84804 

0.47008 

33     0 

28    30 

.54295 

1.7576 

0.83867 

0.45536 

IK  to  1  =  33    42 

28      9 

.53507 

1.7634 

0.83195 

0.44515 

34     0 

28      0 

.53170 

1.7659 

0.82903 

0.44080 

35      0 

27    30 

.52056 

1.7740 

0.81915 

0.42642 

36     0 

27      0 

.50952 

1.7820 

0.80901 

0.41221 

37      0 

26    30 

.49858 

1.7899 

0.79863 

0.39818 

38      0 

26      0 

.48773 

1.7976 

0.78801 

0.38433 

IX  to  1  =  38    40 

25    40 

.48055 

1.8026 

0.78079 

0.37521 

39     0 

25    30 

.47697 

1.80517 

0.77714 

0.37067 

40      0 

25      0 

.46630 

1.81261 

0.76604 

0.35721 
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As 


f  cf+?j5de=?5ea  +  5bf, 


adding  2  E  A  to  both  sides, 

C  F  +  2  DA  =  4  EA  +  B  F, 

2D A+CF-BF 

EA=  -— 

4 

generally,  and  for  stability, 

BC      3BC 
DA 


EA 


,+4 


DA 

2 


JBC 

8    ' 


If  D  A  is  to  be  —  B  0,  then  the  moment 


HXBC 


(B  C  +  2  D  A) 


will  be 
HXBC 


(bc  +  4bc)  =  h^!. 


Then,  with  values  as  before, 


120  X  20  5-^r^  =  160,000,  B  C  =  10.32, 


D  A  =  -j-  10.32  =  7.74, 

weight  of  wall 

20 
=  120  X  —  (10.32  +  2  X  7.74)  =  20640. 

o 

If  D  A  is  to  be  -j-  B  C,  then  the  moment 

3 


HXBC 


(BC  +  2DA) 


will  be 
HxB( 


Then,  with  values  as  before, 


H 


BC! 
12 


120  X  20  7  ^C 2  =  160,000,  B  C  =  10.69, 


DA=  —  10.1 

o 


7.13, 


weight  of  wall 


20 


=  120  X  —  (10  69  +  2  X  7.13)  =  19960. 

If  D  A  is  to  be  —  B  C,  then  the  moment 
2 


DA  =  -11.54  =  5.77, 


weight  of  wall 


=  120  X  ??  (11.54  +  2  X  5.77)  =  18464. 
o 

If  T>  A  is  to  be  —  B  C,  then  the  moment 


HXBC 


(B  C  +  2  D  A) 


HXBC 


(BC  +  2DA) 


will  be 


Then,  with  values  as  before, 

120  X  20  ?-¥■  =  160,000,  B  C  =  11.54, 


will  be 

HXE 


3BC2 


^(bc  +  1bc)  = 

Then,  with  values  as  before, 

120  X  20  3BC8  =  160,000,  B  C  =  13.3, 


D  A  =  —  13  3  =  3.3, 
4 


weight  of  wall 


=  120  X  ^  (13.3  +  2  X  3.3)  =  16000. 
o 

If  a  wall  of  this  section  is  required,  its 
moment  is 

BC2 


HX 


4     ' 


and  if  it  supports  water  level  with  the  top, 

B  C2 
120  X  20  -j-  =  : 
4 

and  weight  of  wall 


120  X  20  ?~  —  166,666,  B  C  =  16.6  ; 


=  120  X  20  X  ^  =  13333. 

o 


Now  as  17304  was  required  for  the  trian- 
gular form  of  wall  with  the  same  values, 
there  is  shown  to  be  a  great  saving  of  ma- 
terial with  the  form  of  wall  with  curved 
batter. 

As  the  form  of  wall  with  a  curved  batter 
of  the  semi- cubical  parabolic  section,  has 
been  proved  by  several  writers  to  be  every- 
where of  equal  strength,  the  calculations 
for  finding  the  dimensions  of  retaining 
walls  with  a  batter  of  that  curve  are  also 
given,  as  they  may  be  found  useful  in  some 
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cases.  Let  A  G  B  in  this  figure  be  a  curve 
of  that  form,  with  G  F  passing  through  its 
centre  of  gravity.     Then 

AK2  =  BE2  :BK3  =  H3::AH*  =  EF2:GN3, 


GN 


Vef* 

hVbf 

A      N 


C 

area  of 

area  of 
area  of 


\      I"" . 

n     i x     i 
\  S  \    • 

\  \    \  • 

\  ^ 

j        i  Y\\ 


H 


ABE 


£     F 
2H 


3 


x  BE, 


TAN 
A  G  N  =  '-^  XGH, 


AEFG=HXEF-—ANXGN, 
5 


HXEF 


|anxng  =  3Xbe, 

5  o 


'/fTf2 


HXEF--EFXH1/g^J  =  -XBE, 


"-l"^ 


E2 
5  V   BE2 


__,    Vef2 
eVbf 


jbe 

3E  F 


BE 

5    ' 
BE 

5EF      BE 
~Y~~~    3    ' 
.      BE 
5~EF 


EF2 
BE* 


27 

S(«-B)'-» 


=  27, 


3.759, 


BE2 
BE2/       BEy_  BE 

EF2  V        EfJ~       '     EF 
BE  =  3.759  EP  =  3.759  (B  E  -  B  F), 
3.759  BF  =  3.759  B  E  -  B  E, 
2.759  BE 


BF 

Moment  of 


3.759 


=  .734  BE. 


ABE 


2H 


B  E  X  .734  B  E  =  .2936  B  E3  X  H  ; 


moment  of 

AECD=(HXCE)^BE+  ^\  ; 
moment  of 
ABCD  =H  (^|^  +  CEXBE4-.293GBE2) 

=  ■?  ((C  E  +  B  E)f  -  .4128  B  E2). 


Table  4. — TJiickness  of  Vertical  Retaining  Walls  to  sustain  the  Pressure  of  a  Surcharged  Embank- 
ment of  Earth,  Sand,  etc.  The  moment  of  the  Wall  is  equal  to  twice  that  of  the  Earth,  etc.,  to 
insure  permanent  stability. 


© 

<N 

© 
Dry  earth.  oo 

CO 

moist  or    g 

00 

Do.,  dense  S? 

Height 

Sand.             "3 

Shingle.           g 

and        g 

Clay. 

Clay. 

of  wall. 

£,  =  30°.           « 

^=40°. 

^^43°.     « 

natural.     «"* 

compact.    52 

L  =  16°. 

L  =  45°. 

II 

11 

II 

L  =  54°.      |l 

L  =  55°.      [j 

94  lbs. 

120  lbs. 

119  lbs. 

106  lbs. 

94  lbs. 

106  lbs. 

125  lbs. 

125  lbs. 

125  lbs. 

6 

33.58 

37.94 

31.94 

30.14 

26.78 

22.04 

23.29 

46.61 

29.64 

7 

39.18 

44.27 

37.26 

35.17 

31.24 

25.71 

27.17 

54.38 

34.58 

8 

44.78 

50.59 

42.58 

40.19 

35.71 

29.39 

31.05 

62.15 

39.52 

9 

50.37 

56.92 

47.91 

45  21 

40.17 

33.06 

34.93 

69.92 

44.46 

10 

55.97 

63.24 

53.23 

50.24 

44.64 

36.73 

38.82 

77.69 

49.40 

11 

61  57 

69.57 

58.55 

55.26 

49.10 

40.41 

42.70 

85.46 

54.34 

12 

67.17 

75.89 

63.88 

60.29 

53.56 

44.08 

46.58 

93.23 

59.28 

13 

72.76 

82.21 

69.20 

65.31 

58.03 

47.75 

50.46 

101.00 

64.22 

14 

78.36 

88.54 

74.52 

70.33 

62.49 

51.43 

54.34 

108.77 

69.16 

15 

83.96 

94.86 

79.85 

75.36 

66.96 

55.10 

58.23 

116.54 

74.10 

16 

89.56 

101.19 

85.17 

80.38 

71.42 

58.78 

62.11 

124.31 

79.04 

17 

95.16 

107.51 

90.49 

85.41 

75.89 

62.45 

65.99 

132.08 

83.98 

18 

100.75 

113.84 

95.82 

90.43 

80.35 

66.12 

69.87 

139.85 

88.92  ! 

19 

106.35 

120.16 

101.14 

95.46 

84.81 

69.80 

73.75 

147.62 

93.86 

20 

111.95 

126.49 

106.46 

100.48 

89.28 

73  47 

77.64 

155.39 

98.80 

21 

117.55 

132.81 

111.79 

105.50 

93.74 

77.14 

81.52 

163.16 

103.74 

22 

123.14 

139.14 

117.11 

110.53 

98.21 

80.82 

85.40 

170.93 

108.68 

23 

128.74 

145.46 

122.43 

115.55 

102.67 

84.49 

89.28 

178.70 

113.62 

24 

134  34 

151.78 

127.76 

120.58 

107.13 

88.16 

93.16 

186.47 

118.56 

25 

139.94 

158  11 

133.08 

125  60 

111.60 

91.84 

97.05 

194.24 

123.50 

26 

145.54 

164.44 

138.41 

130.63 

116.07 

95.52 

100.93 

202.01 

128.45 

27 

151.13 

170.76 

143.73 

135.65 

120.53 

99.19 

104.81 

209.78 

133.39 

28 

156.73 

177.09 

149.05 

140.68 

124.99 

102  86 

108.70 

217.55 

138.33 

29 

162.33 

183.41 

154.38 

145.70 

129.46 

106.54 

112.58 

225.32 

143.27 

30 

167.93 

189.74 

159.70 

150.73 

133.92 

110.21 

116.46 

233.10. 

148.21 
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Let  C  E  =  6,   and  other  values  as  before, 

then 

20 
120  —  ((6  +  B  E)a  -  .4128  B  E2)  =  160,000, 

BE  =  6.22,  and  weight  of  wall 

=  120  Ao  X  6  +  -|  20  X  6.22^  =  20369. 

To  find  the  moment  of  ABCD  when 

ABE  =  AECD.     Then  BE  =  |CE, 

area  of  ABE  =  H  x4BE  =  HXCE. 
5 


Moment  of 

ABCD  =  (HXCE)^BE-f  ^\  -f 

(h  X  -|-  B  E\  (.734  B  E)  =  (H  X  C  E) 

(|  C  E  +  ^)  +  (HXCE)  (.734  X  -|CE) 

=  (H  X  C  E)  3  C  E  -f  (H  X  C  E)  1 .835  C  E 
=  4.835  HXCE2.    Then  120x20  X  4.835  CE2 

=  160,000,  C  E  =  3.71,  BE=4  3.71  =  9.28, 
and  weight  of  wall 

=  120  X  20  ^3.71  +  -|  9.28^  =  17808. 

When  both  the  front  and  back  of  the 
wall  are  curved  and  parallel.  When  E  F 
passes  through  the  centre  of  gravity,  to  find 
E  A.     Area  of 

EABF  =  HXEA  +  y(BF-EA) 


area  of 


=  3_?EA  +  ^BF, 


3H 


EFCD  =  HXCF-l-^f(ED-CF) 
5 


then  when  E  F  bisects  ABCD, 
A  +  ^CBF=^HCF-f- 

5  5 

2BF  =  2CF-f3ED-3EA 


OOOO 


for  stability, 


so 


4  4  4 

3-A^  =  ^+3ED-3EA, 


C       F  B 

AD  =  3ED-3EA,  and  as  3  AD  =  3ED  +  EA, 

subtracting, 


2AD  =  6EA,  EA  = 


AD 


To  find  E  A  when  the  perpendicular 
which  bisects  ABCD  passing  through  its 
centre  of  gravity,  falls  on  its  inside  corner. 
Area  of 


ECD=~ED=?-?(AD-EA), 
O  5 


area  of 


2H 


ABCE  =  HXEA+^P(BC-EA), 


3H 


2H 


(AD-EA)  =  HXEA+  y(BC-EA) 

^ea  =  !-?ad-2Jbc4bc, 

5  5  5  5 


E  A  = 


BC 
6 


To  find  the  moment  of  ABCD  when 
the  curves  of  the  front  and  back  of  the  wall 
are  of  different  radii.     Area  of 

EFCD  =  HXCF  +  y(DE-CF) 
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area  of 
EABF 


area  of 


HXEA  +  ?-5(BF-EA) 
5 

o  o 


ABCD 


2HCF+^DE  + 


^?EA+^BF=5  (2BC  +  3AD); 
5  5  5 

moment  of  A  B  0  D  for  stability 

-^xf  (2BC  +  3AD) 


3HX  BC 


AS2Hcp       3HDE=3HE  2HB 

5  5  5  '5 

2CF  +  3DE  =  3EA  +  2BF, 


adding  3  E  A  to  both  sides, 

2CF-f3DA  =  6EA  +  2BF, 
3D A+2CF-2BF 


EA  = 


6 


generally,  and  for  stability, 
BC      3BC 


3D  A  + 


EA 


DA 
2 


BC 
6 


If  D  A  is  to  be  -—  B  0,  then  the  moment 


3HXBC 


20 


(2BC  +  3  AD) 


will  be 
3H  x  BC 


20 


2B0+-BC 


H51BC2 
80 


Then,  with  values  as  before, 


120  X  20  51  B>°2  =  160,000,  BC  =  10.23, 

50 

D  A  =  j  10.23  =  7.67, 

weight  of  wall 

20 

=  120  X  -=-  (2  X  10.23  +  3  X  7.67)  =  20860. 
5 

2 
If  D  A  is  to  be  -g  B  C,  then  the  moment 

3HXBC 


20 


will  be 

3  HXBC 
20 


(2  B  C  +  3  A  D) 

3BC2 


(2  B  C  +  2  B  C)  =  H 


Table  5. — Double  Moments  of  the  Pressure  of  the  Weight  of  Surcharged  Embankments 

of  Earth,  Sand,  etc. 


Do.,  moist 

Do.,  dense 

Sand. 

ShiB 

gle. 

Dry  earth. 

or 

and 

Clay. 

natural. 

compact. 

c  TTH» 

=  15.6H3 

20  H8 

14.16945  H3 

12.62153  H  3 

9.96405  H* 

6.748066  H  3 

7  53526  H 3 

30.183  H3 

12.20375  H  3 

a 

6 

3384 

4320 

3061 

2726 

2152 

1458 

1627 

6520 

2636 

7 

5373 

6860 

4860 

4329 

3418 

2315 

2585 

10353 

4186 

8 

8021 

10240 

7255 

6462 

5102 

3455 

3858 

15454 

6248 

9 

11421 

14580 

10330 

9201 

7264 

4919 

5493 

22004 

8896 

10 

15666 

20000 

14169 

12621 

9964 

6748 

7535 

30183 

12204 

11 

20852 

26620 

18860 

16799 

13262 

8982 

10029 

40174 

16243 

12 

27072 

34560 

24485 

21810 

17218 

11661 

13021 

52157 

21088 

13 

34419 

43940 

31130 

27729 

21891 

14825 

16555 

66313 

26812 

14 

42989 

54880 

38881 

34633 

27341 

18517 

20677 

82823 

33487 

15 

52875 

67500 

47822 

42598 

33628 

22775 

25432 

101869 

41188 

16 

64170 

81920 

58038 

51698 

40813 

27640 

30864 

123631 

49986 

17 

76970 

98260 

69614 

62010 

48953 

33153 

37021 

148291 

59957 

18 

91368 

116640 

82636 

73609 

58110 

39355 

43946 

176029 

71172 

19 

107457 

137180 

97188 

86571 

68343 

46285 

51684 

207027 

83712  j 

20 

125333 

160000 

113355 

100972 

79712 

53985 

60282 

241466 

97630 

21 

145089 

185220 

131223 

116888 

92277 

62494 

69784 

279528 

113019 

22 

166S18 

212960 

150876 

134394 

106097 

72453 

80235 

321392 

19945 

23 

190616 

243340 

172400 

153566 

121232 

82104 

91681 

367241 

148483 

24 

216576 

276480 

195878 

174480 

137743 

93285 

104167 

417-54 

168704 

25 

244791 

312500 

221397 

197211 

155688 

105438 

117738 

471615 

190684 

26 

275357 

351520 

249042 

221836 

175128 

118604 

132439 

530502 

214493 

27 

308367 

393660 

278897 

248429 

196122 

132822 

148316 

594098 

240206 

28 

343914 

4:59040 

311048 

277068 

218731 

148133 

165414 

662584 

267897 

29 

382094 

487780 

345579 

307826 

243013 

164578 

183777 

736141 

297637 

30 

423000 

540000 

382575 

340781 

269029 

182198 

203452 

814949 

329501 
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Then,  with  values  as  before, 


120X20^^  =  160,000, 


BC=  10.54,  D  A  =  —  10.54  =  7.03, 
8 


weight  of  wall 


90 
=  120  X  Y-  (2  x  10-54  +  3  X  7.03) 
5 


20238, 


If  D  A  is  to  be  -r-  B  C,  then  the  moment 


3HXBC 


20 


(2  B  C  -f  3  A  D) 


will  be 

3  H  X  BC 

20 

Then,  with  values  as  before, ' 
21  B  C2 


(aB04.f  bo) 


21  B  C2 
4u 


120X20 


4u 


=  160,000, 


B  C  =  11.27,  D  A  =  -  11.27  =  5. 63, 
weight  of  wall 

=  120  X  ^  (2  X  11.27  +  3X  5.63)  =  18930. 
5 

If  A  D  is  to  be  —  B  C,  then  the  moment 
o 


3  HX  B  C 
20 


(2BC  +  3AD) 


will  be 

3HXB  C 
20 


(2  B  C  +  B  C) 


H 


9B  C2 
20 


Then,  with  values  as  before, 

9  B  f!2 
120  x  20     „       =  160,000, 

BC-  12.17,  D  A  =  4  12.17  =  4.06, 
o 

weight  of  wall 

=  120  X  ??  (2  X  12.17  +  3  X  4.06)  =  17526. 
5 


3  H  X  B  C 
20 


(2  B  C  -f  3  A  D) 


will  be 
3HxBC 

20 

Then,  with  values  as  before, 
33  B  O1 


^2  B  C  -f-  -|  B  6\  ==  H 


3?.  B  Cg 

80 


120  X  20 


160,000, 


BC 


12.71,  D  A  =  ■=-  12.71  =  3.18, 
4 


weight  of  wall 


20 
=  120  X  ~  (2  X  12.71  +  3  X  3.18)  =  16780. 
o 


If  a  wall  of  this  section  is  required,  its 
moment  is  .2936  B  02  X  H,  and  if  it  sup- 
ports water  level  with  the  top, 

120  X  20  x  -2936  B  C2  =  166,666,  B  C  =  15.33, 

and  weight  of  wall 

2  X  15.38 


=  120  +  20  X 


14764. 


Having  now  given  methods  for  finding 
the  correct  dimensions  of  the  different  forms 
of  wall  that  are  generally  used  in  practice, 
the  author  does  not  wish  to  express  any 
opinion  on  the  merits  of  any  particular 
form  of  wall,  leaving  it  to  the  superior 
judgment  of  more  experienced  engineers  to 
determine  the  section  of  wall  the^  may  con- 


If  D  A  is  to  be  T  B  C,  then  the  moment    sider  mogt  suitable  in  each 


case. 


ON  THE  PAST  AND  PRESENT  OF  IRON  SMELTING. 


By  St.  JOHN  VIXCENT  DAY. 
From  "Iron." 


When  we  consider  that  in  1871  no  less 
than  16,859,063  tons  of  iron  ore  were 
smelted  in  Great  Britain  alone,  from  which 
was  produced  6,627,179  tons  of  pig  iron, 
representing  a  money  value  at  the  works  of 
£16,667,947  (Mineral  Statistics,  1871),  and 
which,  for  the  corresponding  period  we 
have  just  passed  through,  must,  by  reason 


of  an  unprecedented  demand  for  the  mate- 
rial itself,  and  at  unprecedented  prices,  be 
greatly  increased ;  it  will  be  readily  admit- 
ted that  our  time  may  be  profitably  spent  in 
considering  the  steps  by  which  a  manufac- 
ture, in  former  years  carried  on  very  much 
in  the  dark,  has  at  length  been  reduced  by 
conjoint  labor  to  almost  a  scientific  exacti- 
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tude.  To  say  that  iron  smelting  has  yet 
been  completely  reduced  to  a  science  would 
be  nothing  other  than  pretence  ;  neverthe- 
less, with  a  given  furnace,  ore,  fuel,  flux, 
and  blast,  we  can  estimate  within  tolerably 
narrow  limits  the  quality  and  quantity  of 
the  product.  Yet  there  are  numerous  points 
in  the  true  understanding  of  what  takes 
place  in  the  blast  furnace  which  are  still 
enshrined  in  the  region  of  uncertainty. 

Within  the  last  forty  years  it  may  be 
said  that  iron  smelting  has  begun  by  slow 
degrees  to  be  scientifically  understood. 
Mushet  and  Clark,  in  our  own  country,  as 
well  as  several  French  and  German  chem- 
ists, have  devoted  their  energies  to  the  so- 
lution of  various  inquiries,  wherewith  the 
subject  is  entangled.  But,  since  1846, 
when  the  first  furnace  was  built  at  the 
Walker  Works  by  Mr.  I.  Lowthian  Bell,  for 
smelting  the  Cleveland  iron  stone,  several 
other  iron-making  districts,  with  furnaces  of 
colossal  dimensions,  have  sprung  up  ;  and 
most  important  investigations  have  been 
carried  out,  the  general  results  of  which 
have  led  to  improvements  in  practice,  where- 
by the  fuel  required  for  smelting  has  been 
reduced  by  about  30  per  cent.,  this  being 
directly  due  to  operating  with  a  larger  bulk 
and  higher  column  of  materials  at  a  time ; 
utilizing  the  waste  gases  for  heating  the 
blast,  and  generating  steam  for  the  blowing 
engines  ;  and  to  a  greatly  elevated  blast 
temperature. 

No  argument  can  be  necessary  to  show 
why  it  is  important,  in  dealing  with  the 
subject  of  this  investigation,  to  attack  it  at 
the  very  foundation,  for  that  must  be  self- 
evident  to  any  one  whom  it  may  concern  to 
understand  it. 

Any  attempt  at  elucidating  the  course 
through  which  the  modern  gigantic  opera- 
tions of  iron  smelting  have  been  reached  in- 
volves at  once  the  history  of  the  manufac- 
ture of  cast  iron  ;  and  it  is  not  too  much  to 
say  that  recent  investigations  into  the  sub- 
ject, if  they  prove  anything  at  all,  prove 
among  other  things  that  the  true  history  of 
cast  iron  still  remains  an  unwritten  chapter. 
However  interesting,  as  well  as  useful,  it 
might  prove  to  probe  the  ultimate  depths  of 
that  history,  yet  it  is  not  proposed  as  a  fea- 
ture of  this  paper  to  attempt  what  must  at 
present  be  so  unfathomable  a  task. 

By  some  researches,  made  a  short  time 
since,  I  was  enabled  to  prove  from  a  variety 
of  consentaneous  evidence,  that  malleable 
iron  was  well  known  and  used  at  least  as 


far  back  as  4,000  years  ago,  and  almost 
certainly  much  earlier  still.  I  was  thereby, 
and  of  necessity,  led  to  doubt  whether  the 
usually  accepted  assertion  as  to  cast  iron 
having  been  invented  within  the  last  three 
or  four  hundred  years  only,  rested  on  an 
entirely  stable  and  reliable  basis.  The  se- 
quel .will  show  the  results  of  the  doubt  so 
raised  in  my  mind. 

At  first  sight  it  appears  out  of  keeping 
with  an  almost  constant  order,  that  the 
place  and  date,  no  less  than  the  names  of 
the  first  makers  of  cast  iron,  are  not  abso- 
lutely known. 

When,  however,  we  reflect  upon  that 
which  we  really  do  know  concerning  early 
methods  of  making  iron  and  steel,  weigh 
carefully  the  precise  nature  of  the  condi- 
tions involved  under  those  methods,  and 
seek  out  the  results  inevitably  accruing 
through  them  as  explained  by  the  guiding 
light  of  modern  chemistry,  it  would  appear 
that  the  blast  furnace,  as  a  distinct  appa- 
ratus, could  scarcely  at  any  time  have  con- 
sisted in  a  definite  or  sudden  departure 
from  an  existing  order  of  things  ;  by  saying 
which,  I  mean  to  explain,  that  in  all  proba- 
bility there  never  was  in  the  development  of 
iron  smelting,  an  immediate  complete  change 
made  from  the  method  of  reducing  ore  at 
once  to  malleable  metal  (the  direct  method), 
to  that  of  first  making  pig  or  sow  metal 
(i.  e.,  the  indirect  method  of  the  blast  fur- 
nace as  we  practise  it  to  day).  On  the  con- 
trary, the  evidence  which  has  been  collected, 
goes  to  show  that  the  blast  furnace  was 
ultimately  reached — as  a  definite  and  dis- 
tinct apparatus  for  reducing  iron  ore  quick- 
ly, and  producing  an  easily  fusible  com- 
pound of  iron — by  its  accidental  production, 
when  reducing  easily  fusible  ores  in  the  air 
or  in  blast  bloomeries,  or  other  formerly 
used  types  of  low  furnaces,  in  which  the 
product  sought  to  be  obtained  was  mallea- 
ble iron  or  steel. 

This  probability,  indeed,  appears  to  rest 
on  conclusive  grounds  ;  and  the  tendency 
of  this  evidence  is  farther  to  show  that  the 
blast  furnace,  as  an  apparatus,  having  as  a 
distinct  object  the  production  of  cast  iron, 
was  at  last  arrived  at  through  very  gradual 
accessions  to  the  height  of  the  ancient  types 
of  low  furnaces. 

Where  we  are  to  look  for  the  earliest 
traces  of  the  practice  of  reducing  iron  to 
the  form  of  a  carburet,  or  as  cast  iron,  I 
cannot  at  the  present  time  venture  to 
assert;  but  as  the  employment  of  steel  in 
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fashioning  the  stones  used  in  the  monu- 
ments of  Proto-Egjpt,  India,  Greece,  etc., 
elsewhere  has  been  shown,  that  fact  alone 
seems  to  imply  the  acquaintance  of  those 
ancient  nations  -with  the  fusion  of  iron,  and 
leads  us  to  expect  that  to  the  East,  and  not 
the  West,  we  must  look  for  the  beginnings 
of  this  art. 

In  so  far  as  our  own  country  has  yet 
given  testimony,  the  oldest  blast  furnaces 
yet  recorded  are  those  of  which  the  ruins 
formerly  existed,  and  may,  for  aught  I 
know,  still  exist,  in  the  Eorest  of  Dean,  and 
the  age  of  which  Air.  Alushet  has  computed 
as  belonging  to  the  commencement  of  the 
seventeenth  century. 

It  is  desirable,  in  order  to  avoid  the 
necessity  of  raising  the  question  hereafter, 
once  and  for  all  to  point  out  that  it  is  not 
a  consequence,  because  we  are  unable  to 
assign  an  earlier  positive  date  for  the  blast 
furnace  than  that  above  given,  that  cast 
iron  was  unknown  before  that  period; 
indeed,  from  what  we  glean  from  the 
historical  records,  they  assure  us  that  it 
was  in  considerable  use  at  a  much  more 
remote  age.  And  whereas  this  knowledge 
might  lead  some  persons  to  conclude  that  as 
the  blast  furnace  constitutes  the  first  step 
taken  in  the  manufacture  of  cast  iron  to-day, 
it  was  necessarily  the  first  step  taken  in 
ages  long  past ;  still,  a  consideration  of 
certain  features  of  history,  coupled  with  a 
consideration  of  what  chemistry  now  teaches, 
is  more  than  sufficient  to  convince  us 
that  the  high  or  blast  furnace  is  not  indis- 
pensable to  the  production  of  that  carburet, 
however  much  it  is  essential,  under  our 
current  knowledge,  at  this  present  period, 
in  order  to  comply  with  modern  demands 
for  the  metal  at  paying  prices. 

To  indicate  how  much  more  ancient  cast 
iron  may  really  be  than,  so  far  as  I  have 
ascertained,  has  been  noticed  during  the 
last  quarter  of  a  century,  I  may  mention  a 
process  of  making  steel  used  by  the  Greeks, 
and  recorded  in  the  writings  of  no  less  an 
authority  than  Aristotle,  to  which  I  have 
on  a  previous  occasion  directed  attention. 
Aristotle  states : — "  Wrought  iron  itself  may 
be  cast  so  as  to  be  made  liquid  and  to 
harden  again." 

Obscure  as  the  Aristotelian  account  of 
Greek  steel-making  is,  nevertheless  when 
the  terms  of  the  fragment  are  analyzed, 
and  it  is  placed  in  juxta-position  with  other 
accounts  of  steel-making  appertaining  to 
times   long   subsequent,   it  is    sufficient  to 


assure  us  that  such  iron  (although  it  may 
not  have  been  specially  employed  in  the  art 
of  making  castings,  but  was  produced  for 
the  purpose  of  converting  bars  of  wrought 
iron  into  steel,  by  a  process  of  cementation 
in  a  bath  of  metal  surcharged  with  carbon ) 
was  known  to  the  Greeks  at  least  as  early 
as  400  years  before  our  era. 

Indeed,  we  may  venture  farther  still — 
for  recent  discoveries  in  India,  and  the 
impossibility  of  explaining  Egyptian  sculp- 
ture in  granite,  porphyry,  diorite,  etc., 
without  the  use  of  steel  tools,  hold  out 
hopes  of  increasing  our  acquaintance  with 
the  metallurgy  of  the  ancient  Eastern  world, 
by  special  researches  into  the  storehouses  of 
information  yet  waiting  there  to  be  opened 
up. 

After  the  discovery  of  Kutub  Minar 
Laht,  near  Delhi,  as  well  as  the  huge  iron 
beams  in  the  temple  of  Kanaruc,  and  the 
coming  to  light  of  numerous  other  testi- 
monies, proving  beyond  doubt  the  high 
acquaintance  with  manufacturing  art,  which 
some  persons,  at  least,  possessed  in  the  East 
in  ages  long  past,  the  cautious  observer  is 
compelled  to  pause  ere  pronouncing,  as  is 
generally  asserted,  that  Western  civilization 
has  in  all  respects  exceeded  all  previous 
civilization. 

It  is  a  question,  whether  we  have 
attained,  in  some  respects,  the  position,  in 
certain  of  the  manufactures  most  important 
to  man,  which  was  at  one  time  reached  by 
the  workers  of  the  ancient  world;  for,  while 
the  rate  of  production  has  increased  as  a 
necessary  sequence  of  the  growth  of  popu- 
lation, and  of  novel  and  wider  fields  of 
application,  yet  it  is  notorious  that  in  too 
many  instances  high  quality  is  not  main- 
tained. 

There  is  much  to  be  met  with  in  the 
remains  of  the  Proto-Egyptian,  Assyrian, 
Greek,  and  Chinese  nations,  to  show  their 
superiority  in  this  respect.  And  it  is  to 
Central  Asia,  Asia  Minor,  and  Persia,  that 
we  must  hopefully  look  for  farther  light  on 
this  subject. 

While  ail  the  very  old  examples  of  iron 
which  we  do  find  are  malleable,  and  from 
more  than  one  point  of  view  appear  to  have 
been  produced  from  ores  reduced  without 
fusion,  and  when  inquiring  still  farther  into 
the  most  ancient  practice  of  reduction,  no 
country  affords  conclusive  evidence  of  cast 
iron  having  been  an  established  manufac- 
tured'product — in  the  sense  we  find  mallea- 
ble iron  to  have  been  therein- -yet  the  col- 
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lateral  evidence  as  to  an  extremely  early 
method  of  making  steel,  in  which  the  pro- 
duction of  c ast  iron  was  a  sine  qua  non, 
convinces  us  of  the  necessity  for  exercis- 
ing extreme  caution  ere  drawing  a  conclu- 
sion. 

The  next  early  intelligible  account  we 
have  of  steel  making  (after  Aristotle) 
throws  equal  light  upon  cast  iron  making. 
This  is  to  be  found  in  a  work  entitled  "  De 
la  Pirotechnia,"  published  at  Venice  in 
1540,  by  Vanoccio  Bizinguccio ;  and  in  the 
somewhat  later  but  better  known  writings 
of  Agricola,  "  De  re  Metallica,"  published 
about  1561.  Both  these  authors  describe 
a  process  of  converting  bars  of  malleable 
iron  into  steel  by  keeping  the  bars  im- 
mersed for  a  considerable  time  in  molten 
cast-iron. 

The  process,  as  described  by  the  earlier 
author,  has  been  translated  by  Mr.  Panizzi,* 
and  I  here  quote  an  extract  from  that 
translation,  showing  how  the  cast  iron  was 
produced : 

"  Steel  is  nothing  but  iron  well  purified 
by  means  of  art,  and  through  much  lique- 
faction by  fire  brought  to  a  more  perfect  ad- 
mixture and  quality  than  it  had  before. 
By  the  attraction  of  some  suitable  sub- 
stances in  the  things  which  are  added  to 
it,  its  natural  aridity  is  mollified  by  some- 
what of  moisture,  and  it  is  made  whiter 
and  denser,  so  that  it  seems  to  be  almost 
removed  from  its  original  nature  ;  and  at 
last,  when  its  pores  are  well  dilated  and 
mollified  with  much  fire,  and  when  the 
heat  is  driven  out  of  them  by  the  extreme 
coldness  of  the  water,  they  contract,  and  so 
the  iron  is  converted  into  a  hard  substance, 
which  from  its  hardness  becomes  brittle. 
This  may  be  done  with  every  kind  of  iron, 
and  so  steel  may  be  made  of  all  kinds  of 
iron.  It  is  true,  indeed,  that  it  is  made 
better  from  one  kind  than  from  another, 
and  with  one  sort  of  charcoal  than  another, 
and  it  is  also  made  better  according  to  the 
skill  of  the  masters. 

"  The  best  iron  to  make  it  good  is,  how- 
ever, that  which,  being  by  its  nature  free 
from  the  corruption  of  any  other  metal,  is 
more  easy  to  melt,  which  is  to  a  certain 
extent  harder  than  other  kinds.  With  this 
iron  is  put  some  powdered  marble  or  other 
fusible  stones,  in  order  to  melt  together. 
By  these  it  is  purged,  and  they  have,  as  it 
were,  the  power  of  taking  away  its  ferru- 
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ginosity,  of  constricting  its  porosity,  and  of 
making  it  dense  and  free  from  cleavage. 

"Now,  to  conclude,  when  the  masters 
wish  to  do  this  work,  they  take  of  that 
iron  pressed  through  the  furnace  or  other- 
wise, as  much  as  they  wish  to  convert  into 
steel,  and  they  break  it  into  little  bits ;  they 
then  prepare  before  the  operation  of  the 
forge  a  circular  receptacle,  about  a  foot  or 
more  in  diameter,  made  of  one-third  clay 
and  two-thirds  small  coal,  well  beaten  to- 
gether with  a  hammer,  well  mixed,  and 
moistpned  with  so  much  water  as  will  make 
them  keep  together  when  squeezed  in  the 
hand ;  and  when  this  receptacle  is  thus 
made,  in  the  same  way  as  they  make  a 
hearth,  but  deeper,  the  aperture  is  pre- 
pared in  the  midst,  which  should  have  a 
little  of  the  nose  turned  down,  so  that  the 
wind  may  strike  in  the  midst  of  the  re- 
ceptacle. 

"Then,  when  all  the  space  is  filled  with 
charcoal,  they  moreover  make  round  about 
it  a  circle  of  stones  or  soft  rock  to  keep  in 
the  broken  iron  and  the  additional  char- 
coal which  they  put  upon  it,  and  so  they 
fill  it  up  and  make  a  heap  of  charcoal 
over  it. 

11  Then,  when  they  see  the  whole  mass  is 
on  fire  and  well  kindled,  especially  the  re- 
ceptacle, the  masters  begin  to  set  the  bel- 
lows to  work,  and  to  put  on  some  of  that 
crushed  iron  mingled  with  saline  marble 
and  with  pounded  clay,  and  with  other 
fusible  and  not  earthy  stones;  and  so 
melting  this  composition  by  little  and 
little,  they  fill  up  the  receptacle  so  far  as 
they  think  fit;  and  having  firat  formed 
with  the  hammer  three  or  four  lumps  of 
the  same  iron,  each  weighing  30  or  40  lbs , 
they  put  them  hot  into  that  bath  of  melted, 
iron  (which  bath  is  called  by  the  masters 
of  the  art  '  the  art  of  iron  '),  and  they  keep 
them  thus  in  the  midst  of  this  melted  mat- 
ter with  a  great  fire  about  four  or  six  hours, 
after  turning  them  about  with  a  rod  as 
cooks  do  victuals,  and  so  they  keep  them 
there,  turning  them  again  and  again,  in 
order  that  all  that  solid  iron  may  receive 
through  its  porosity  those  subtle  substances 
which  are  found  to  be  within  that  melted 
iron,  by  virtue  of  which  the  gross  sub- 
stances which  are  in  the  lumps  are  con- 
sumed and  diluted,  etc.,  and  the  lumps  be- 
come softened  and  like  a  paste. 

"When  they  are  seen  thus  by  the  ex- 
perienced masters,  they  judge  that  the  sub- 
tle virtue  of  which  we  have  spoken  has 
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thoroughly  penetrated ;  and  taking  out  one 
of  the  lumps  which  appears  best  (from 
their  experience  in  testing),  and  bringing  it 
under  the  hammer,  they  beat  it  out,  and 
then  turning  it  suddenly  as  hot  as  they  can 
into  the  water,  they  temper  it,  and  being 
tempered  they  break  it,  and  look  to  see  if 
the  whole  of  it  has  in  every  particle  so 
changed  its  nature  as  to  have  no  small 
layer  of  iron  within  it ;  and,  finding  that  it 
has  arrived  at  that  point  of  perfection 
which  they  desire,  they  take  out  the  lumps 
with  a  large  pair  of  pincers,  or  by  the  ends 
left  on  them,  and  cut  them  into  small 
pieces  of  seven  or  eight  each,  and  they  re- 
turn them  to  the  same  bath  to  get  hot 
again,  adding  to  it  some  powdered  marble 
and  iron  for  melting  to  refresh  the  bath 
and  increase  it,  and  also  to  restore  to  it 
what  the  fire  may  h^ve  consumed,  and  also 
that  that  which  is  to  become  steel  may,  by 
being  immersed  in  that  bath,  be  the  better 
refined  ;  and  so  at  last,  when  they  are  well 
heated,  they  go  and  take  them  out  piece  by 
piece  with  a  pair  of  pincers,  and  they  carry 
them  to  the  hammer  to  be  beaten  out,  and 
make  rods  of  them. 

"  When  this  is  done,  being  very  hot,  and 
almost  of  a  white  color  from  the  heat,  they 
cast  them  all  at  once  into  a  stream  of  water 
as  cold  as  possibly  can  be  had,  of  which  a 
reservoir  has  been  made,  in  order  that  the 
rods  may  be  suddenly  cooled,  and  by  this 
means  get  the  hardness  which  the  common 
people  call  temper,  and  thus  it  is  changed 
into  a  material  which  hardly  resembles 
that  which  it  was  before  it  was  tempered. 
For  then  it  was  only  like  a  lump  of  lead  or 
wax,  and  by  tempering  it,  it  is  made  so 
very  hard  as  almost  to  surpass  all  other 
hard  things ;  and  it  is  also  made  very 
white,  much  more  so  than  is  the  nature  of 
its  iron,  even  almost  like  silver,  and  that 
which  has  its  grain  white,  and  most  mi- 
nute and  fixed,  is  of  the  best  sort. 

"Among  those  kinds  which  I  know  of, 
that  of  Flanders,  and  in  Italy  that  of  Yal- 
camonica,  in  the  territory  of  Brescia,  are 
very  much  praised;  and  out  of  Christendom, 
that  of  Damascus,  that  of  Caramenia  and 
Lazzimino  ('?),  as  well  as  that  of  Agiambi 

OV' 

The  same  process  is  described  by  Agri- 
cola  ;  but  it  is  worthy  of  remark,  as  stated 
on  the  authority  of  the  elder  Mushet,  that 
nowhere  does  he  describe  a  process  by 
which  cast  iron  was  obtained  and  applied 
to  foundry  purposes. 


In  Ind:a,  near  Trincomalee,  steel  (wootz) 
is  still  made  in  the  same  manner,  its  manu- 
facture being  confined  to  a  few  families  in 
that  neighborhood,  and  altogether  unknown 
to  the  common  steel-makers  of  Salem,  a 
distance  of  only  70  miles.  The  cast  iron 
used  in  this  case  is  obtained  from  a  small 
blast  furnace,  about  8  feet  high,  and  taper- 
ing from  18  inches  diameter  at  the  bottom 
to  9  inches  at  the  top.  The  iron  flows  out, 
of  a  grey  quality,  but  without  perfect 
separation,  as  the  cinders  produced  contain 
a  good  deal  of  iron. 

With  regard,  then,  to  the  production  of 
cast  iron  in  the  most  ancient  low  furnaces, 
it  was  practicable  with  ores  easily  fusible 
when  in  presence  of  large  quantities  of  flux 
and  a  great  excess  of  charcoal.  The  former 
would  preserve  the  metal  from  oxidation, 
whilst  it  was  allowed  to  remain  a  sufficient 
time  in  contact,  to  take  up  a  maximum 
quantity  of  carbon  from  the  latter.  But,  as 
the  temperature  in  such  furnaces  was  low, 
the  slag  of  necessity  contained  a  large  pro- 
portion of  the  iron,  and  except  with  the 
most  easily  fusible  ores,  the  process  very 
slow  ;  indeed,  almost  impossible. 

With  this  certainty  before  us,  however, 
of  the  possibility  of  producing  cast  iron 
even  in  the  oldest  known  types  of  furnaces, 
coupled  also  with  the  well  ascertained  fact 
of  the  use  of  iron  and  steel  by  Greeks, 
Indians,  Ancient  Egyptians,  and  Assyrians, 
it  is  impossible  to  say  how  far  back  we 
may  carry  the  date  of  the  discovery  of  cast 
iron.  But  it  is  not,  as  I  have  already 
pointed  out,  to  be  inferred  that  the  blast 
furnace  has  any  claim  at  all  to  antiquity  ; 
on  the  contrary,  I  have  collected  together 
the  foregoing  evidence  with  the  object, 
amongst  others,  of  avoiding  any  misappre- 
hension on  that  point. 

M.  Yerlit  says  that  cast  iron  was  known 
in  Holland  in  the  thirteenth  century,  and  that 
stoves  were  made  from  it  at  Elass  in  1-400 
A.  D.  According  to  Lower,  the  first  can- 
non of  cast  iron  was  manufactured  at 
Buxteed,  in  Sussex,  by  Balphe  Hogge  in 
1543.  It  is  recorded,  however,  by  others 
that  the  first  iron  guns  cast  in  England 
were  made  in  London,  in  1547,  by  Owen. 
In  1595  the  art  of  iron  casting  was  so  well 
understood  that  John  Johnson  and  his  son 
Thomas  had  by  that  time  "made  42  cast 
pieces  of  great  ordnance  of  iron  for  the 
Earl  of  Cumberland,  weighing  6,U00  pounds 
or  three  tons  apiece." 

Agricola,   too,  who  died  in  1494  A.  D., 
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seems  to  have  been  acquainted  with  cast 
iron,  for  he  writes :  "  Iron  melted  from 
ironstone  is  easily  fusible,  and  can  be 
tapped  off."  So  that,  although  he  does  not 
appear  to  say  anything  as  to  the  method  by 
which  such  cast  iron  was  produced,  it 
nevertheless  is  evident,  when  we  consider 
the  large  extent  to  which  cast  iron  was 
probably  then  employed  for  guns,  and 
doubtless  other  purposes,  that  the  blast 
furnace  was  fit  that  time  in  existence, 
though  on  a  very  small  scale. 

It  had  probably  grown  out  of  the  Catalan, 
and  through  the  Blaseofen,  or  Osmund,  to 
the  German  Stuckofen,  in  which  cast  or 
malleable  iron  was  produced  as  required, 
by  varying  the  proportions  of  the  materials 
constituting  the  charge. 

Percy  says  : — Between  the  Luppenfeuer, 
or  Catalan  furnace,  and  the  Stuckofen, 
German  metallurgists  place  a  furnace  of 
intermediate  height,  which  they  designate 
Blaseofen  and  Bauernofen.  This  furnace 
was  formerly  employed  in  Norway,  Sweden, 
and  other  parts  of  Europe ;  and  though  a 
century  may  have  have  elapsed  since  it  be- 
came extinct  in  the  first  two  countries  men- 
tioned, yet  to  this  day  it  continues  in  opera- 
tion in  Finland.  "  Osmund  "  is  the  Swed- 
ish word  for  the  bloom  produced  in  this 
particular  kind  of  furnace,  outside  of  which 
consists  of  a  timber  casing,  and  the  inner 
part  a  lining  of  refractory  stone,  the  space 
between  them  being  filled  with  earth. 

The  Osmund  furnace  is  used  for  reducing 
the  hydrated  sesquioxide  ores  (lake  or  bog 
iron  ores)  found  in  the  lakes  and  rivers  of 
some  parts  of  northern  Europe,  and  in  Fin- 
land, is  stated  at  the  present  day  to  be 
working  side  by  side  with  the  modern  blast 
furnace. 

The  Stuckofen  would  appear  to  be  the 
last  stage  of  transition  from  the  low  to  the 
high  furnace,  into  which  it  ultimately  be- 
came merged  altogether  when  the  discovery 
was  made  that  the  ore  was  therein  more 
completely  reduced.  The  variety  of  pur- 
poses to  which  it  was  found  the  pig  or  sow 
metal  could  be  applied,  increased  the  de 
niand  for  cast  iron  to  such  an  extent  as  to 
induce  the  indirect  method  of  reduction  to 
be  carried  out  on  a  large  scale.  It  will 
therefore  be  unnecessary  in  this  paper, 
which  deals  with  cast  iron  and  the  blast 
furnace  as  its  principal  subjects,  to  refer 
farther  to  the  pre-existing  low  furnaces. 

Regarding  the  Stuckofen,  then,  or  high 
blooniery  furnace,  it  has  been  correctly  de- 


scribed by  writers  on  metallurgy  as  a  Cata- 
lan or  low  furnace,  extended  upwards  in 
the  form  of  either  a  circular  or  quadrangu- 
lar shaft.  In  Germany  this  furnace  is  also 
known  as  Wulsofen,  the  reduced  metallic 
mass  resulting  from  the  operations  being 
designated  "Stuck"  or  "  Wulf,"  hence  the 
Stuck  or  Wulsofen — Salamander  furnace — 
for  the  following  particulars  of  which  I  am 
indebted  to  Professor  Osborne's  treatise, 
who,  in  a  paragraph  preceding  the  extr  ict, 
significantly  terms  this  the  "  transition  fur- 
nace," which  might  be  used  for  the  produc- 
tion of  cast  iron  or  malleable  iron  at  will, 
by  varying  the  constituents  of  the  charge 
and  the  intensity  of  the  blast.  "  Salaman- 
der "  is  the  term  now  given  to  the  mass  of 
half  pure  iron,  which  results  when  the 
molten  mass  of  a  furnace  chills  before  it 
can  be  regularly  tapped  off  into  pigs.  It  is 
difficult  to  melt,  and  is  sometimes  largely 
malleable  iron.  The  present  may  have 
originated  from  the  earlier  use  of  the  word 
as  applied  to  this  furnace. 

The  Stuckofen  furnace  is  (according  to 
Osborne)  at  present  very  little  in  use.  A 
few  are  still  in  operation  in  Hungary  and 
Spain  (18G9).  At  one  time  they  were  very 
common  in  Europe.  The  irou  produced  has 
always  been  of  a  superior  kind,  favorable 
for  the  production  of  steel ;  but  the  manip- 
ulation which  this  oven  requires  is  so  ex- 
pensive that  it  has  caused  its  suppression. 

The  furnace  is  generally  from  10  to  lb*  ft. 
high,  24  in.  wide  at  bottom  and  top,  and 
measures  at  its  widest  part  about  5  ft. 
There  are  generally  two  tuyeres  (one,  how- 
ever, is  frequently  used)  and  at  least  two 
bellows  and  nozzles,  both  on  the  same  side. 
The  breast  is  open,  but  during  the  melting 
operation  it  is  shut  by  bricks  ;  this  opening 
is  generally  2  ft.  square.  The  furnace  may 
be  heated  before  the  breast  is  closed ;  after 
which  charcoal  and  ore  are  thrown  in.  The 
blast  is  then  turned  into  the  furnace.  As 
soon  as  the  ore  presses  the  tuyere,  iron  is 
deposited  at  the  foot  of  the  hearth ;  when 
the  cinder  rises  to  the  tuyere,  a  portion  is 
suffered  to  escape  through  a  hole  in  the 
dam.  The  tuyeres  are  generally  kept  low 
upon  the  surface  of  the  melted  iron,  which 
thus  becomes  whitened.  As  the  iron  rises 
the  tuyeres  are  raised.  In  about  24  hours, 
1  ton  of  iron  is  deposited  at  the  bottom  of 
the  furnace.  This  may  be  ascertained  by 
the  ore  put  into  the  furnace. 

If  a  quantity  of  ore  is  charged  sufficient 
to  make  the  nece:sary  amount  of  iron  for 
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one  cast,  a  few  dead  or  coal  charges  may 
then  be  thrown  in.  The  blast  is  then 
stopped,  the  breast-wall  removed,  and  the 
iron,  which  is  in  a  solid  mass,  in  the  form 
of  a  salamander  or  "  stiick-wulf,"  is  lifted 
loose  from  the  bottom  by  crowbars,  taken 
by  a  pair  of  strong  tongs,  which  are  fast- 
ened on  chains  suspended  in  a  swing-crane, 
and  then  removed  to  an  anvil,  where  it  is 
flattened  by  a  tilt-hammer  into  4-in.  thick 
slabs,  cut  into  blooms,  and  finally  stretched 
into  bar  iron  by  small  hammers.  Mean- 
while, the  furnace  is  charged  anew  with 
ore  and  coal,  and  the  same  process  is  re- 
newed. 

By  this  method  good  iron  as  well  as  steel 
may  be  furnished.  In  fact,  the  salamander 
consists  of  a  mixture  of  iron  and  steel ;  of 
the  latter,  skilful  workmen  may  save  a 
considerable  amount.  The  blooms  are  a 
mixture  of  fibrous  iron,  steel,  and  cast  iron. 
The  latter  flows  into  the  bottom  of  the 
forge  fire,  in  which  the  blooms  are  reheated, 
and  is  then  converted  into  bar  iron  by  the 
same  method  adopted  to  convert  common 
pig  iron.  If  the  steel  is  not  sufficiently 
separated  it  is  worked  along  with  the 
iron. 

This  would  be  a  very  desirable  process, 
on  account  of  the  good  quality  of  iron  which 
it  furnishes,  if  the  loss  of  ore  and  waste  of 
fuel  it  occasions  were  compensated  by  the 
price  of  bar  iron.  Poor  ores,  coke  or  an- 
thracite coal,  cannot  be  employed  in  this 
process  Charcoal  made  from  hard  wood, 
and  the  rich  magnetic,  specular,  and  sparry 
ores,  are  almost  exclusively  used. 

It  is  obvious  that  the  conditions  necessary 
to  the  production  of  cast  iron,  viz.:  —  a 
column  of  materials  which  gradually  become 
increased  in  temperature  during  their  de- 
scent, exposed  to  reducing  gases,  and 
latterly,  to  prolonged  contact  in  the  reduced 
state  to  carbonizing  matter,  obtained  in 
this  furnace.  The  result  frequently  was, 
that,  when  intending  to  produce  malleable 
iron  at  once,  the  lump  was  so  much  car- 
bonized, owing  to  excess  of  carbonizing 
materials,  that  it  had  to  be  submitted  to  a 
decarbonizing  process  before  it  could  be 
hammered. 

Experience  in  working  the  Stuckofen 
proved  it  to  be  extremely  wasteful  of  fuel ; 
and  about  1840  it  was  to  a  great  extent 
abandoned  in  Carniola,  Carinthia,  and 
Styria,  although  still  worked  in  Germany 
and  Hungary  to  a  limited  extent  (Karsten). 

In  some  cases  a  throat  was  added  to  the 


furnace,  of  a  gradually  widening  form  » 
this  gave  facility  in  charging.  The  tuyere 
was  placed  about  a  foot  above  the  hearth 
bottom ;  but  as  the  furnace  continued  in 
operation,  this  distance  became  increased, 
by  reason  of  the  disintegration  of,  or  the 
wear  of,  the  hearth  (silicious  conglomerate), 
which  we  learn  influenced  the  yield  and 
quality  of  the  iron  as  well  as  the  quantity 
of  charcoal  consumed. 

The  Stuckofen  sometimes  increased  with 
a  regular  taper  throughout  the  entire 
height  of  the  shaft,  being  broadest  at  the 
bottom,  and  both  rectangular  as  well  as 
circular  in  horizontal  section.  The  tuyeres 
were  sometimes  made  of  clay,  at  others  of 
copper,  situated  at  different  points  of  the 
furnace ;  and  when  in  the  breast,  the  bel- 
lows had  to  be  removed  before  the  lumps 
of  reduced  iron  could  be  withdrawn. 

As  the  demand  for  cast  iron  increased, 
the  Stuckofen  was  gradually  replaced  by 
the  Blauofen  (by  some  authors  termed  the 
"  blue  furnace." — Fr.  *  Fourneau  bleu  "), 
in  which  cast  iron  alone  was  produced,  but 
it  still  retained  its  place  for  the  direct  pro- 
duction of  malleable  iron.  At  first  malle- 
able iron  was  also  produced  in  the  Blauofen, 
which  was  then,  it  would  appear,  simply  a 
tall  Stuckofen,  eventually,  however,  be- 
coming increased  in  height  to  from  20  to 
25  feet,  in  which  case  it  was  capable  of 
producing  cast  iron  only. 

In  working  these  furnaces  for  the  pro- 
duction of  malleable  iron,  the  slag  was 
allowed  a  constant  escape,  so  that  the  lump 
of  metal  in  the  hearth  might  be  exposed  to 
the  action  of  the  blast,  which  prevented  it 
from  becoming  carbonized  to  excess ;  at 
other  times  the  slag  was  allowed  to  accu- 
mulate, thus  protecting  the  metal  from 
the  decarbonizing  action  of  the  blast, 
after  it  had  become  carbonized  in  pass- 
ing through  the  lower  part  of  the  furnace, 
and  therefore  producing  carbonized  or  cast 
iron. 

The  Blauofen,  as  in  common  use  on  the 
Continent,  may  be  kept  in  blast  for  three  to 
six  months,  or  even  longer,  after  which  the 
hearth  widens,  and  interferes  with  success- 
ful operations. 

In  working  with  this  furnace,  the  prac- 
tice is  to  heat  it  by  a  fire,  after  which  the 
breast  previously  open  is  closed  ;  it  is  then 
filled  to  the  top  with  coal  and  iron  ore, 
which  are  renewed  as  the  charge  sinks. 
The  tuyeres  are  about  14  in.  above  the 
hearth,  which  slopes  towards  the  breast. 
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This  furnace  requires  rich  ores  and  a 
plentiful  supply  of  charcoal ;  it  produces 
good  pig  iron,  as  well  as  a  metal  speci  ally- 
suitable  for  steel,  sometimes  called  steel- 
metal,  and  said  to  be  that  from  which  Ger- 
man steel  (shear  steel)  is  made.  The  man- 
agement of  the  Blauofen  is  simple,  and  the 
furnace  is  cheaply  constructed. 

From  the  preceding  remarks  we  have 
become  familiar  with  the  earliest  known 
form  of  the  blast  furnace,  which,  origina- 


ting in  the  Stuckcfen,  or  high  bloomery,  of 
some  95  cubic  feet  capacity,  passed  into  the 
Blauofen  of  some   500    to  600   cubic  feet. 

-  Without  following  its  progressive  develop- 
ment minutely  through  the  furnaces  in  the 
Hartz,  Silesia,  Prussia,  Sweden,  Great  Brit- 
ain, and  America,  we  may  come  down  to 

!  our  own  age,  and  now  find  furnaces  in  the 
Cleveland  district  of  the  enormous  capacity 
of  20,000  to  30,000  cubic  feet,  or  about  280 

j  times  that  of  an  early  Blauofen. 
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In  these  able  and  interesting  lectures 
some  idea  is  given  of  the  physical  features 
of  India,  its  climate,  its  people,  and  of  the 
peculiarities  of  Anglo-Indian  life.  The 
author  then  proceeds  to  say  something  of 
the  Government,  and  the  great  Department 
of  State  by  which  public  works  are  executed, 
and  of  the  special  duties  and  probable 
career  of  the  Royal  Engineer  officers  who 
are  there  employed ;  and  passes  on  to  the 
materials  and  modes  of  construction  with 
which  the  engineer  is  called  upon  to  deal, 
and  those  specialties  which  distinguish  his 
work  from  English  practice. 

Of  the  state  of  the  arts  and  manufactures 
in  India  some  judgment  may,  as  the  author 
remarks,  be  formed  by  an  inspection  of  the 
beautiful  specimens  collected  in  the  Indian 
annexe  of  the  International  Exhibition. 

Some  of  the  once  famous  Indian  manu- 
factures, he  states,  have  almost  disappeared 
in  modern  times,  such  as  the  Dacca  muslin, 
of  which  it  was  said  that  a  full-sized  dress- 
piece  could  be  drawn  through  a  finger 
ring.  Native  architecture,  too,  of  the 
present  day  is  tawdry  and  meretricious. 
But  Cashmere  is  still  famous  for  its  won- 
derful shawls,  in  which  we  know  not  which 
to  admire  most,  the  beauty  of  the  fabric  or 
the  exquisite  patterns  and  harmonious 
contrast  of  colors ;  Agra  still  executes  that 
beautiful  inlaid  stonework,  which  is  yet 
only  one  of  the  wonders  of  the  Taj  Mehal ; 
Delhi  and  Benares  send  gorgeous  em- 
broideries, heavy  with  gold  and  rich  in 
coloring,  Cuttack  furnishes  its  exquisite 
silver    filigree-work;     Sealkote,    its     steel 
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inlaid  with  gold  in  arabesque  patterns ; 
Bombay,  its  massive  and  curiously-carved 
ebony  furniture.  But  art  can  never  attain 
to  its  highest  development  in  the  absence 
of  a  healthy  national  life,  and  it  is  to  former 
ages  we  must  turn  for  structures  like  some 
of  the  Hindoo  temples,  or  the  greit  mosque 
at  Delhi,  or  "  the  Dream  in  Marble "  at 
Agra  (the  Taj  Mehal),  and  even  the  artistic 
manufactures  named  are  legacies  from  the 
past,  that  are  apt  to  degenerate  at  the 
present  day  into  a  grotesque  copying  of 
European  designs. 

Yet  there  is  an  indwelling  spirit  of  artis- 
tic grace  in  the  East  that  will  not  easily 
die,  which  is  seen  in  the  instinctive  choice 
of  colors  in  the  clothes  of  the  very  poorest 
on  a  holiday  festival, — in  the  shape  of  the 
commonest  earthenware  utensils, — in  the 
very  salutation  of  the  poorest  peasant  in  the 
fields. 

The  work  of  an  Engineer  officer  in  India, 
as  in  England,  is  of  a  very  miscellaneous 
description.  Every  work  is  estimated  for 
previously  to  sanction  by  the  executive 
engineer,  and  the  estimate,  after  being 
checked  by  the  superintending  engineer,  is 
forwarded  to  his  chief  for  sanction,  who, 
if  he  approve  the  design  and  estimate, 
recommends  it  for  sanction  by  the  local 
government,  or,  in  case  of  a  large  work, 
forwards  it  on  to  the  supreme  government 
with  his  own  remarks.  If  not  satisfied 
with  it,  he  may  return  it  for  revision  or 
explanation. 

When  a  work  is  sanctioned  and  ordered 
to  be  commenced,  the  money  being  also 
forthcoming  for  it  in  the  Budget,  the  ex- 
ecutive engineer  goes  to  work.  In  the 
large  Presidency  towns,  and  a  few  of  the 
more  important   stations,   he  may  get  the 
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work  executed  by  contract :  but,  as  a  gen- 
eral rule,  he  will  have  to  be  content  with 
procuring  his  materials  by  contract,  and 
perhaps  getting  his  earthwork  done  in  this 
manner.  For  the  rest,  he  will  have  to  em- 
ploy daily  nera,  and  occasionally 
may  have  to  import  laborers  from  other 
Is,  to  organize  them  into  gangs, 
provide  them  with  tools,  and  arrange  for 
their  food,  water,  and  temporary  shelter. 
For  this  he  has  the  assistance  of  his 
European  overseers,  native  sub-overseers, 
and  i                or  head-artificers. 

The  European  overseers  are  nearly  all 
non-commissioned  officeis  or  privates  who 
have  volunteered  from  the  various  regi- 
ments in  India  for  the  Public  Works 
Department,  and  have  be^n  trained  at  the 
Roorkee  College.  They  are  allowed  to 
wear  plain  clothes,  and  are  of  course  struck 
off  all  military  duty.  As  a  rule,  they  are 
hard-working,  intelligent  men,  and  many 
of  them  are  most  valuable  subordinates, 
but  they  are  generally  deficient  in  pr: 
knowledge,  are  not  very-  conversant  with 
the  language,  and  are  but  too  often  given 
to  drink. 

The  native  sub-overseers  have  also  been 
trained  at  Be  srkee,  and  are  generally  good 
draughtsmen,  surveyors,  and  estinu 
but  they  are  drawn  from  the  trading,  in- 
stead of  the  working  classes,  have  no 
:al  experience,  and  lack  physical 
stamina. 

The  misirecs,  or  native  head  masons  and 
carpenters,  are  generally  intelligent  and 
good  men,  quick  to  learn  and  easily  man- 
aged, but  few  have  any  theoretical  knowl- 
edge. 

The  native  laborer  is  patient,  docile,  and 
lazy,  never  drinks,  and  is  ea-ily  managed 
by  any  one  who  understands  him. 

There  are  many  varieties  of  stone  in 
different  parts  of  India,  and  it  is  em- 
in  the  various  forms  of  ashlar,  rubble,  etc., 
very  much  as  it  is  in  Europe.  Granites, 
limestones,  and  sandstones  are  exter. 
used  in  the  localities  where  they  occur,  but 
the  cost  of  carriage  over  bad  roads  to  dis- 
tant places  necessarily  restricts  the  em- 
ployment of  this  material.  In  Boi 
India,  laterite,  a  clay-stone,  is  extensively 
used,  being  easily  worked,  and  becoming 
hard  by  exposure  to  the  air.  In  Upper 
India,  Delhi  and  Agra  are  famous  for  their 
red  sandstone,  and  Jyepore  for  its  white 
marble,  of  which  the  Taj  and  other  famous 
buildings    are    constructed.      Bombay   has 


^Iso  many  varieties  of  stone,  notably  the 
Poreebunder  limestone.  Allahabad  has 
some  fine  quarries  of  sandstone,  of  which 
the  new  Government  Buildings  have 
constructed,  and  Colonel  Medley  recom- 
mends to  notice  the  account  of  the  working 
of  the  Purtarpore  Quarries,  in  the  pro- 
fessional papers  on  Indian  engineering,  as 
giving  much  practical  information. 
is  generally  scarce  and  inferior,  but  some 
fine  quarries  have  lately  been  opened  out 
at  Dalhousie,  and  in  the  Khuttuck  Hills,  in 
the  Punjab. 

There  is  a  kind  of  soft  stone  called 
moorum,  found  in  Central  and  Wi 
India,  which,  though  almost  useless  as  a 
building  material,  is  extensively  employed 
for  road  metalling.  Kunkur,  too,  is  quite 
an  Indian  specialty,  though  it  is  almost 
entirely  confined  to  the  north-western  pro- 
vinces. It  is  a  peculiar  kind  of  oolitic 
limestone,  found  in  beds  just  below  the 
surface,  and  is  of  two  kinds ;  one  ad 
for  building  purposes,  in  which  it  strongly 
: —  rubles     artificial    ex:  :he    other 

answering  admirably  for  road  metalling, 
for  which  purpose  it  is  broken  into  lumps 
about   the  size  of  an  egg,  drenched 

and  then  rammed  until  perfectly 
smooth,  after  which  it  is  allowed  to  dry 
before  the  traffic  comes  on  it. 

The  manufacture    of  artificial   stone  by 
Ranaome'fi  process  has  been  tried  at  Bom- 
bay on  a  small  scale,  but  not   with  su 
in  an  economical  point  of  view. 

In  the  greater  part  of  Upper  India,  and 
over  much  of  the  rest  of  India  as  well, 
brick  is  the  chief  building  material,  and 
there  are  few  engineers  in  India  who  will 
not  have  much  to  do  with  brick  making. 
The  lecturer  therefore  strongly  recommended 
his  hearers  to  make  themselves  well  ac- 
quainted with  the  latest  improvements  in 
the  art,  at  the  same  time  bearing  in  mind 
certain  Indian  specialties,  which  will  limit 
the  use  of  many  of  these  methods.  These 
are  the  cost  of  carriage,  the  general  absence 
of  coal  fuel,  the  dearness  of  other  fuel,  the 
absence  of  skilled  subordinates,  and  the 
disinclination  of  natives  to  be  driven  out 
of  their  own  customs,  and  to  try  experi- 
ments. 

There  is  plenty  of  good  brick-earth  to  be 
found,  but  the  cost  of  carriage  preven* 
same  care  being  taken  as  at  home  in  the 
selection  and  admixture  of  clays.  The  clay 
is  often  tempered  by  hand,  and  then  taken 
straight  to   the  moulding-table ;  but  pug- 


INDIAN    ENGINEERING. 


503 


mills  are  now  pretty  common,  worked  by 
bullock  power.  The  bricks  are  usually 
sand-moulded,  and  are  made  of  the  English  ; 
sizp.  and  stacked  in  temporary  sheds  to  dry. 
Brick-making  machines  have  occasionally 
been  tried  ;  but  their  expense,  the  difficulty 
of  repair,  and  the  cheapness  of  hand  labor, 
have  always  driven  them  out  of  the  field. 
Hollow  bricks,  too,  are  never  seen ;  and  ■ 
as  the  author  thinks  they  would  be  found 
to  be  much  cooler  in  the  walls  of  buildings 
t'.ian  solid  bricks,  he  would  recommend 
any  one  to  acquire  information  of  their 
manufacture  and  cost. 

Culored  bricks  are  nowhere  used  in  India, 
and  their  absence  is  much  to  be  regretted,  j 
ior  they  would  be  most  useful  both  for 
architectural  ornamentation  and  for  floors 
and  similar  purposes.  The  proper  clays, 
on  which  the  colors  depend,  are  found  in 
some  parts  of  India ;  and  careful  search 
would  doubtless  bring  to  light  others  ;  but 
here  again  we  are  met  by  the  fact  that 
their  manufacture  requires  skill  and  capital, 
which  are  not  found  on  the  spot,  and 
would  have  to  be  imported.  The  same 
remark  applies  to  terra-coUa  and  encaustic 
tiles,  which  would  be  admirably  adapted 
for  Indian  use. 

Good  ordinary  bricks  are  generally  pro- 
curable in  India,  if  only  proper  care  be 
exercised,  and  a  fair  price  paid  for  them. 
The  bricklayers  require  close  watching,  and 
often  systematic  instruction  in  the  all-impor- 
tant subject  of  bond ;  for  the  common 
native  brick  is  very  small,  and  laid  in 
quantities  of  mortar  with  little  care  about 
bond  ;  so  that  native  walls  are  really  masses 
of  concrete. 

Tiles  are  extensively  used  in  India  for 
roofing  purposes,  and  they  are  often  very 
badly  made. 

The  subject  of  limes  and  cements  is  a 
very  important  one  in  India.  Lime  is 
obtained  from  the  limestone  boulders  found 
in  hill  torrents,  from  kunkur,  from  beds  of 
marl,  or  rather  calcareous  tufa,  and  from 
limestone  in  situ.  It  is  burnt  with  wood 
fuel,  sometimes  in  the  open,  generally  in 
conical  kilns,  and  is  mixed  with  sand,  burnt 
clay,  or  brick-dust,  and  sometimes  other 
ingredients,  to  form  mortar  in  the  usual 
way.  The  best  lime  is  that  procured  from 
boulders,  which  when  mixed  in  the  propor- 
tion of  one  part  lime  to  two  parts  of  soorkee, 
or  pounded  brick,  forms  an  excellent  mortar 
for  hydraulic  works.  Kunkur  lime,  as  a 
rule,   is  simply  mixed  with  sand.     When 


lime  is  burnt  with  oop7a.  care  must  be  used 
in  sifting  and  separating  it  from  the  ashes 
of  the  burnt  fuel,  otherwise,  of  course, 
its  strength  will  be  greatly  impaired. 
Artificial  cements  have  scarcely  hitherto 
been  made  or  used  in  India. 

Concrete  is  not  very  much  employed, 
though  it  has  attracted  a  good  deal  of 
attention  lately  :  and  some  of  the  works 
on  the  new  Sirhind  Canal  were  designed  to 
be  built  almost  entirely  of  it,  such  as  arches 
of  40  ft.  span.  Indeed,  with  an  abundance 
of  excellent  lime,  and  a  great  scarcity  of 
fuel,  it  seems  curious  that  it  has  not  been 
more  extensively  used.  Concrete  blocks 
were  recommended  for  the  great  weir 
over  the  Ganges,  by  the  Ganges  Canal 
Committee,  to  be  composed  of  shingle,  sand, 
and  lime;  and  if  proper  apparatus  be  used 
fur  testing  the  quality  of  the  lime,  there 
seems  every  reason  to  anticipate  economy 
and  good  work  from  such  a  mode  of  con- 
struction. 

Lime  is  also  used  in  stuccoes  and  plasters 
much  as  in  England.  Madras  is  noted  for 
this  work,  where  the  very  beautiful  cJumam 
plaster  for  interiors  of  rooms,  is  as  smooth, 
hard,  and  polished  as  marble.  Coarse 
sugar  and  pounded  egg-shells  are  mixed 
with  these  more  expensive  plasters. 

Of  timbers  there  is  an  immense  number  in 
India    occasionally    used ;     but    practically 
engineers    are    restricted    to    a    very    few 
varieties,    which    are   the    only    ones    pro- 
curable in  any  quantity.     In   the   Punjab, 
for  instance,  the  deodar  [Cedrus  Deodara) 
is   the    principal    wood    employed,    being 
nearly  identical  with   the   famous   cedar  of 
Lebanon.     It  is   found  in  the  Himalayan 
!  forests.     In  Burmah   and  Western  India, 
teak  is    the    principal     wood ;     its    many 
1  excellent  qualities  are  well  known.     Other 
1  common  timbers  are  the  mangoe,  used  only 
1  for    planking    or    furniture,     and    readily 
'  attacked  by  insects  ;  the  sissoo  or  sheeshum, 
a  hard,  strong,  but  crooked  wood,   in   gen- 
eral   request  for  many  purposes,   especially 
j  furniture,    as   it  takes   a  beautiful  polish  ; 
the   keekur   or   babool,    an  acacia,    a  very 
|  hard,    tough    wood,    much  used  for  carts  ; 
I  the  famous  Bombay  black-wood,   of  which 
I  some  beaurifui  specimens   of  carved  furni- 
:  ture   are  to  be    seen  in  the  Indian  Court 
1  of  the  International  Exhibition  ;  the  toon, 
I  an    inferior   mahogany ;    the    sandal- wood, 
:  which  has   a  strong  perfume  ;    and  many 
others. 

Timber  in  India  is  generally  seasoned  by 
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the  air  or  water  process,  and  is  occasionally 
kyanized  or  Burnettized.  Well-seasoned 
timber  stands  the  climate  well  if  carefully 
protected  from  white  ants,  those  pests  of 
the  East.  For  this  purpose,  the  ends  of 
beams  fitting  into  walls  are  generally  char- 
red and  tarred,  or  the  timber  is  soaked  in 
a  solution  of  sulphate  of  copper ;  but  the 
best  preservative  is  careful'y  to  prevent  any 
earth  or  mud  from  coming  in  contact  with 
it.  Wooden  posts  buried  in  the  earth  will 
very  soon  be  useless. 

The  Indian  carpenters  are  generally  very 
fair,  and  sometimes  very  clever  workmen,  | 
though  they  do  squat  on  the  ground,  and  j 
hold  a  piece  of  wood  with  their  toes  while  ! 
*hey  work  the  drill  by  means  of  a  bow  and  j 
string  with  their  hands. 

Wages,  of  course,  vary  more  or  less ;  but  j 
the  pay  of  a  common  laborer  all  over  India  | 
may  be  fairly  set  down  at  2  annas,  or  3d.  a  I 
day,  and  of  an  ordinary  mechanic  at  6d.  to 
7£d.,  with  which  he  finds  himself  in  every-  j 


thing.  A  beldar,  or  navvy,  will  get  4^d., 
and  a  skilled  carpenter  or  mason  from  9d., 
to  Is.  These  wages  seem  very  low  com- 
pared with  English  prices  ;  but  the  men  all 
do  far  less  work  than  an  Englishman ;  thus, 
the  lowest  estimated  rate  of  common  earth- 
work is  now  about  5s.  per  1000  cubic  feet, 
which  is  at  the  rate  of  50  cubic  feet  only 
per  day  for  each  man  of  the  gang  em- 
ployed. 

Good  ordinary  brickwork  will  cost  about 
40s.  per  100  cubic  feet ;  ashlar,  about  2s. 
per  cubic  foot ;  timber  work,  7s.  per  foot, 
"  wrought  and  put  up." 

Taking  into  consideration  the  price  of 
food,  and  other  things,  Colonel  Medley 
reckons  the  difference  in  the  value  of  money 
employed  in  constructing  public  works  in 
India  and  in  England  as  1  to  4,  i.  e.,  that  a 
work  costing,  £10,000  in  India  would  cost 
£40,000  in  England. 

We  had  been  led  by  the  accounts  of  some 
recent  works  to  a  different  opinion. 


BEIDGE    PINS.* 

By  Prof.  De  VOLSON  WOOD. 
From  "The  Railroad  Gazette." 


The  author  makes  a  serious  attempt  to 
solve  this  problem  in  a  purely  theoretical 
manner.  He  shows  that  he  is  not  only  famil- 
iar with  the  theory  of  elasticity  in  its  more 
ordinary  aspects,  but  also  in  its  more  refined 
forms.  He  has  unlimited  confidence  in  the 
theory  of  elasticity  as  applied  to  this  or  to 
any  similar  case  ;  "  for,"  says  he,  "  a  pin  is 
nothing  but  a  beam,  and  since  a  great  vari- 
ety of  experiments  made  on  beams  prove 
that  within  the  limits  of  elasticity  the  theory 
adopted  is  not  less  correct  than  of  the  law 
of  gravitation  to  the  movements  of  the  plan- 
ets." (Page  21.)  The  law  here  referred  to 
doubtless  is,  that  the  elongations  or  com- 
pressions of  an  elastic  body  are  directly  pro- 
portional to  the  straining  forces.  If  this  is  the 
law  referred  to,  we  have  only  to  say  that  we 
supposed  that  most  experimenters  found 
peculiar  freaks  in  the  law,  and  that  a  theo- 
retical limit  of  elasticity  could  not  be  as- 
signed. In  some  cases  the  elongations  were 
proportionately  greater  for  small  strains 
than  for  those  ordinarily  used  in  practice ; 
and  in  many  cases  the  law  was  so  irregular 


*  Proportions  of  Pins  used  in  Bridges.     By  Charles  Bender. 
C.  E.     (New  York:  D.  Van Nostrand. 


that  no  definite  law  could  be  assigned. 
See,  for  instance,  the  results  of  experiments 
made  by  Hodgkinson,  in  England,  and 
Wade  and  Rodman  in  this  country,  and 
also  the  very  delicate  experiments  made 
upon  the  material  of  the  Illinois  &  St.  Louis 
Bridge,  also  the  final  remark,  on  page  571, 
of  Weisbach's  "Mechanics  of  Engineering," 
vol.  i.  (new  edition).  We  do  not  intend  to 
question  the  practicability  of  the  law,  but 
we  had  not  before  supposed  that  it  was 
positively  as  exact  as  the  law  of  the  inverse 
squares. 

Indeed  it  appears  to  us  that  we  should 
not  expect  to  find  that  the  law  of  perfect 
elasticity  was  rigidly  exact  when  it  applied 
to  materials  in  construction,  since  they  are 
not  perfectly  homogeneous.  The  law  of 
perfect  elasticity,  however,  does  not  give 
practically  correct  results  when  kept  within 
the  so-called  limit  of  elasticity,  and  so  far 
as  the  problem  before  us  is  concerned,  the 
preceding  remarks  have  very  little  force. 

Mr.  Bender's  article  is  the  first  attempt, 
so  far  as  we  know,  to  determine  the  dimen- 
sions of  a  pin  in  accordance  with  the  theory 
of  perfect  elasticity.  The  analytical  part  is 
thorough  and  comprehensive,  and  it  is  no 
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objection  to  it  that  it  involves  a  knowledge 
of  the  higher  calculus.  If  the  subject  de- 
mands it,  we  can  say  nought  against  it. 

Shall  we  consider  the  problem  solved? 
We  have  held  that  in  all  cases  where  the 
forces  which  tend  to  destroy  a  structure  are 
necessarily  complex,  and  the  parts  concern- 
ed involve  conditions  which  have  never 
been  subjected  to  experiment,  the  safer  way 
is  to  experiment  first ;  or,  if  we  analyze 
first,  we  should  subject  our  results  to  an 
experiment  before  practical  men  use  them. 
The  cases  are  too  numerous  of  failures  on 
account  of  following  theories  in  untried 
cases.  The  fault  was  not  with  the  theory 
as  used,  but  on  account  of  the  omission  of 
important  elements  in  the  theoretical  con- 
sideration of  the  problem.  A  perfect  theory 
which  will  involve  all  the  elements  of  the 
problem  must  necessarily  lead  to  a  correct 
result,  and  although  we  can  to-day  solve 
problems  in  regard  to  beams  which  could 
not  be  fully  solved  a  few  years  since,  yet 
any  one  familiar  with  the  "  history  of  the 
resistance  of  materials"  knows  that  theory 
and  experiment  struggled  together,  each 
aiding  the  other  step  by  step  until  we  have 
reached  our  present  knowledge.  The  main 
question  with  us  now  is  :  Are  the  condi- 
tions which  have  been  assumed  in  Mr. 
Bender's  paper  so  unquestionable  as  to 
force  us  to  the  conclusion  that  the  problem 
is  satisfactorily  solved,  and  hence  that  all 
further  experiments  are  needless  ?  Mr. 
Bender  is  so  much  more  of  a  master  of  the 
theory  than  we  pretend  to  be,  that  we  can 
do  but  little  more  than  call  attention  to 
such  points  as  attracted  our  attention  in 
the  perusal  of  the  paper. 

In  establishing  the  fundamental  equation, 
it  is  assumed  that  the  transverse  shearing 
stress  is  uniformly  distributed  over  the 
transverse  section  (page  6).  Those  who  do 
not  understand  the  theory  of  transverse 
shearing  in  bent  beams  may  think  that 
this  hypothesis  is  sufficiently  evident  in  all 
cases  ;  but  Mr.  Bender  shows  in  a  very  con- 
cise way  (page  27)  that  in  the  case  of  flexure 
the  shearing  strain  is  greatest  at  the  neu- 
tral axis,  and  nothing  at  the  surface.  In- 
deed, he  makes  the  general  statement 
(page  24)  that  "  the  theory  of  flexure 
teaches  that  the  shearing  strain  is  not  uni- 
formly distributed  over  the  cross  section." 
He  considers  the  pin  in  a  state  of  flexure, 
but  assumes  that  the  transverse  shearing 
is  uniformly  distributed  over  the  cross  sec- 
tion. 


In  order  that  the  transverse  shearing 
should  be  uniformly  distributed,  the  pin 
must  fit  the  bearings  (page  5),  and  yet  in 
practice  the  play  in  the  pin-hole  usually 
exceeds  1-64  of  an  inch  (page  15).  In 
order,  therefore,  that  the  law  of  strains 
shall  be  definitely  known,  who  shall  deter- 
mine how  little  play  is  allowable  in  order 
that  the  pin  shall  be  considered  as  practi- 
cally fitting  ;  and  when  it  has  a  play,  who 
shall  determine  how  much  play,  in  order 
that  the  law  of  strains  shall  be  that  of  a 
beam  under  flexure  ? 

The  author  evidently  recognizes  these 
difficulties,  for  he  states  (page  15)  that  "  for 
simplicity  it  is  well  to  assume  that  this  pres- 
sure is  uniformly  distributed  over  the  diam- 
eter of  the  pin,  until  at  least  the  effect  of 
the  '  play  '  in  the  hole  has  been  directly 
determined  by  a  large  number  of  experi- 
ments upon  impact."  The  assumption  is 
then  made  for  simplicity.  Again  (page  6) 
he  says  :  "  The  pressure  of  a  pin  with  play 
first  will  be  concentrated  at  a  point,  but 
under  the  load  a  set  will  take  place  and  the 
pressure  be  more  uniformly  distributed  over 
the  diameter.  The  law  of  this  distribution 
is  very  complex."  "  The  importance  of  the 
least  practicable  play  in  the  pin-hole  is 
evident." 

We  thus  see  that  it  is  difficult  to  deter- 
mine just  what  law  should  be  assumed  in 
any  practical  case  ;  and  although  the  as- 
sumption made  by  the  author  may  be  not 
only  the  most  simple,  but  also  the  nearest 
correct,  yet  those  who  look  upon  such  pro- 
blems from  a  practical  standpoint,  and  are 
not  able  to  follow  the  analytical  reasoning, 
may  distrust  the  results  when  they  learn 
that  such  slight  modifications  lead  to  such 
different  hypotheses. 

But  in  regard  to  the  analysis  we  are  not 
quite  clear.  Assuming  that  the  pressure  is 
unifor  mly  distributed  over  the  cross  section, 

Let  Ax=the  pressure  per  square  inch. 
Let  D=ihe  diameter  of  the  circles,  and 
Let  .2?=the  cofficient  of  elasticity. 

Then  will  the   depression  of  the  lower 


half  of  the  pin  be 


dXx 
2E 


This  is  doubtless 


true  for  a  unit  of  width  at  the  centre  A ; 
but  how  is  it  for  a  strip  at  B,  where  the 

depth  is  not  -  .  It  is  true  that  in  the  anal- 
ysis no  distortion  of  the  pin  is  assumed  ; 
still  when  the  pin  fits  the  hole  it  is  evident 
that  the  vertical  pressure  at  B  is  not  the 
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same  as  at  A,  and  the  normal  pressures  at 
the  two  points  also  differ  ;  and  it  does  not 
appear  quite  evident,  on  account  of  the  vari- 
able compressive  strains  on  the  bearing 
surface  of  the  semi- 
circumference,  that  the 
formula  given  for  the 
depression  is  sufficient- 
ly exact,  but  for  a 
square  or  rectangular 
pin  it  is  sufficiently  ex- 
act, although  here  we 
know  that  as  soon  as 
there  is  perceptible  compression  there  will 
be  a  distortion  of  the  angles. 

Our  difficulties  are  mainly  in  establishing 
the  fundamental  equation.  After  that  is 
determined,  the  analysis  takes  its  natural 
course. 

After  finding,  as  he  does  for  the  example 
assumed,  that  the  maximum  pressure  is 
12,115  lbs.,  we  might  ask  how  this  is  to  be 
modified  (if  at  all)  by  the  tension  on  the 
upper  side  of  the  pin  due  to  flexure. 


In  the  investigation  thus  far  the  effect  of 
the  eye-bar  has  been  neglected.  If  the  pin 
fits  the  hole  in  the  eye-bar,  will  not  the 
eye-bar  tend  to  prevent  flexure,  and  thus 
modify  the  strains  ? 

But  we  will  not  follow  this  further.    We 
admit  that  our  course  is  a  pulling  down  pro- 
cess without  offering  a  substitute.    We  can- 
not,   however,    leave   the    subject   without 
!  saying    that   we    supposed    that   the   chief 
|  object  of  the  English  experimenters  was  to 
j  find  the  proper  proportions  of  the  eye-bar. 
j  The  pin  could  easily  be  made  strong  enough, 
(  but  the   eye  yielded   sooner  than  the  bar, 
I  and  it  was   found   that   the  pin  (especially 
when  large  j  should  be  unnecessarily  strong 
in    order   to    give   the   proper   proportions 
(  about  the  eye  when  compared  with  the  bar  ; 
I  and,   although  experiments,   when  carried 
i  to  ultimate  strength,   might  fail  to  give  the 
I  proper  proportions  for  great  durability,  they 
|  at  least  seem  to  indicate   the  weakest  part 
of  the  eye,  and  thus  indicate  in  what  direc- 
I  tion  the  correction  should  be  made. 


EXPERIMENTS  IN  TRACTION  ON  THE  LARMANJAT  RAIL* 


By  TRESCA. 


M.  Larmanjat  has  for  some  time  been 
engaged  in  the  construction  of  iron  tracks 
of  a  single  rail ;  the  aim  being  to  reduce 
the  resistance  met  in  ordinary  tracks,  while 
employing  the  adhesion  of  the  locomotive 
wheel  to  overcome  steep  grades. 

The  writer  has  made  experiments  upon 
one  of  these  tracks  in  order  to  determine 
the  coefficients  of  traction ;  and  also  the 
distribution  of  pressures,  which  vary  with 
circumstances,  and  are  in  a  degree  within 
control. 

The  train  is  chiefly  carried  by  two  flanged 
iron  wheels,  one  before  the  other,  giving 
rise  to  a  relatively  feeble  traction.  Two 
lateral  wheels  run  upon  the  ground,  but 
they  bear  only  a  part  of  the  load,  which 
rests  now  on  one  side,  now  on  the  other,  as 
the  centre  of  gravity  oscillates ;  this  oscilla- 
tion depending  on  the  transverse  profile, 
the  distribution  of  the  load,  and  the  amount 
of  compression  of  the  springs. 

The  track  was  hollow,  being  made  of  iron 
rails  with  plates  placed  in  juxtaposition  ; 
probably  the  results  would  be  more  favora- 
ble on  raised  rails.     The  object  in  view  is 

*  Translation  from  Annates  du  Conservatoire. 


to  carry  the  train  as  much  as  possible  on 
this  rail. 

The  locomotive  is  borne  equally  on  four 
wheels ;  two  guide  wheels  on  the  central 
rail,  with  little  traction ;  two  adhesion 
wheels,  running  on  the  ground,  and  carry- 
ing a  certain  portion  of  the  load  sufficient  to 
cause  adhesion.  The  variability  in  the 
amount  of  adhesion,  according  to  needs,  is 
the  essential  feature  of  the  plan ;  so  that  M. 
Larmanjat  proposes  to  draw  heavy  loads  with 
a  locomotive  of  relatively  feeble  power.  In 
any  case  the  adhesion  should  be  in  equilib- 
rium with  the  sum  of  the  tractions  of  the 
locomotive  and  the  train.  We  have  made 
our  experiments  in  order  to  determiue  as 
far  as  possible  the  measure  of  traction  of 
the  train  and  especially  of  the  locomotive. 

The  adhesion  wheels  are  provided  with  a 
rim  of  caoutchouc  (Thomson),  11  centime- 
tres thick.  The  cars  were  loaded  with  cast 
iron,  to  equal  a  load  of  passengers.  The 
weights  were  as  follows : 

kil. 

Two  large  cars,  each  2,137  kil 4, 274 

Weight  of  third 1,750 

Load  equal  to  G2  passengers 4,380 

Three  persons J  96 


Total. 


10.60J 
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The  dead  weight  is  ^  =  57%  ^ 

"Weight  of  empty  locomotive 6, 880 

Wa  Ler  in  tank  and  boiler 1,320 

Coal 300 

•     8,000 
Difference  due  to  rims  of  caoutchouc  instead  of 

iron 200 

Total 7,800 

Counting  this  in  the  dead  weight,  we  find 
it  to  be  75  per  cent,  of  the  total  load.  Di- 
viding by  62,  the  supposed  number  of  pas- 
sengers, we  get  a  quotient  of  97  kil.,  which 
is  less  than  that  of  ordinary  trains ;  being 
400  kil.,  first  class ;  225,  second  class,  and 
125,  third  class. 

The  total  length  of  track  was  385.37  m. ; 
of  which  325.37  m.  were  without  curve; 
with  a  uniform  grade  of  0.027  m.  per  metre. 
Four  trips  were  made ;  in  the  three  first  a 
large  locomotive  drew  three  loaded  cars. 
But  in  the  fourth  a  small  locomotive  drew 
a  large  car  together  with  the  large  loco- 
motive. The  wheels  of  the  latter  were 
thrown  out  of  gear.  In  the  first  portion  of 
the  trip  they  were  loaded  as  in  the  first 
three  trips ;  in  the  second,  the  whole  load, 
as  far  as  possible,  was  carried  on  the  adhe- 
sion wheels,  so  as  to  determine  the  coeffi- 
cient of  traction. 

In  the  last  half  of  the  fourth  experiment 
the  load  on  the  central  wheels  was  reduced 
by  about  800  kil. ;  the  remaining  7,000 
kil.  being  borne  by  the  adhesion  wheels. 

The  central  wheels  of  the  cars  were  0.90 
m.  in  diameter ;  the  lateral  0.70  m.,  with 
rim  of  0.08  m.  in  width.  The  diameter  of 
the  central  wheels  of  the  locomotive  was 
0.56  m.  ;  that  of  the  adhesion  wheels  1.19 
m.,  with  rim  0.23  m.  wide. 

The  draft  was  registered  with  a  dynamo- 
meter, of  which  the  formula  is 

E  =  28.87 +  10.42  y, 
F   being  the   traction   in   kilogrammes    to 
each  millimetre  of  the  ordinate  y.     The  re- 
sults are  exhibited  in  the  following  table : 

EXPERIMENTS    IN    TRACTION. 

1st  Trip.    Mean  Velocity,  2.64;  Load,  10.700  kil. 


— •  a 
C  o 
.£"43 


A  to  a. 
a  to  b  . 
b  to  c  . 


«n 

Siri 

*g 

og 

®  c  5 

454.42 

288.90 

165.52 

479.64 

288.90 

190.74 

462.51 

288.90 

173.61 

0.0155 
178 
162 


c  to  d  ... 

d  to  e    . . 

e  to/... 

/to  G... 

GtoH... 

A  to  H.. 

446.70 
465.49 
464.22 
426.50 
536.32 

464.11 


O   o 

c  O 

<"  "i 

<u  '.3 

1* 

*3 

288.90 

157.80 

288.90 

176  59 

288  90 

175.32 

288.90 

137  60 

308.85 

227.47 

288.90 

175.21 

147 
165 
164 
129 
212 

164 


2d  Trip.    Mean  Velocity,  1.10 ;  Load,  10.650  kil. 


A  to  a  . . . 

431.81 

287.55 

114.26 

a  to  6.... 

430.14 

287.55 

142.59 

b   to  c . . . 

445.67 

287.55 

158.12 

c  to  d  .  . . 

388.67 

287.55 

101.12 

d  to  e. . . . 

442.86 

287.55 

155.31 

e  to/.... 

443.27 

287.55 

155.72 

f  to  G... 

584.57 

308.85 

275.72 

GtoH... 

318.55 

117.15 

201.40 

AtoH... 

434.02 

287.55 

146.47 

0.0135 
134 
148 
95 
142 
146 
259 
189 

137 


3d  Trip. 

Mean  Velocity,  1,83 

;  Load,  10,600  kil. 

A  to  a  .  .. 

513.40 

286  20 

227.20 

0.0214 

a  to  b. . . . 

475.16 

286.20 

188  96 

178 

b   to  c 

477.57 

286.20 

191.37 

181 

c  to  d  .  .  . 

445  67 

286.20 

159.47 

150 

dtof.   . 

468.49 

286.20 

182.29 

172 

G  to  H . . 

464  11 

307  40 

156.70 

148 

Htol.... 

304  06 

J16.60 

187.46 

170 

A  to  G  . . . 

477.54 

286.80 

191.34 

181 

Mil  Trip.    Load,  7,800  kil. 


1st  Part.— Mean  Velocity,  lm.10. 
Atoa..|     292.39     I    210.60     |    81.79       |  0.0105 


2d  Part.— 

Mean  Velocity,  lm.00. 

9  to  g'... 

g'  to  b  . . 
b  to  c. . . 

'    416  49 

210.60 

205.89 

0.02P4 

'     312.29 

210.60 

101  69 

130 

1     329 . 59 

210.00 

118  99 

153 

c   to  d  ... 

354  49 

210.60 

143  89 

184 

d  to  e.   . 

;     371.90 

210.60 

161.30 

207 

e   to/.. 

!     339.49 

210.60 

128.89 

165 

/toff... 

357.02 

210.60 

146  62 

188 

Gto  H... 

542.69 

226.20 

316.49 

406 

I  to  M  . . 

282.39 

85.80 

196.59 

252 

g'  to  G... 

313.14 

210.60 

131.41 

168 

By  deducting  the  total  force  determined 
in  each  experiment,  the  component  of  the 
load  in  the  direction  of  the  inclination,  we 
can  obtain  separately  the  measure  of  the 
force  of  traction  corresponding  to  the  resist- 
ance of  friction. 

In  the  tables,  this  resistance  has  been 
divided  by  the  load,  in  order  to  determine 
the  coefficient  of  traction. 
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This  coefficient  in  the  three  experiments 
wasO.0164;  0.0137;  0.0181 ;  mean  0.0160, 
or  -g1^  of  the  load.  The  smallest  coefficient 
corresponds  to  the  least  velocity ;  yet  this 
element,  varying  from  one  to  three,  seems  not 
to  have  had  any  considerable  influence. 
The  coefficient  thus  obtained  is  necessarily 
much  higher  than  that  of  ^i-^,  which  cor- 
responds to  the  ordinary  traction  on  a 
double  raised  rail ;  and  even  then  T£7  of 
the  American  rail ;  but  it  is  much  less  than 
■g1^,  which  would  correspond  to  the  traction 
on  a  MacAdam  road  in  good  condition  and 
in  good  weather. 

With  regard  to  the  fourth  trip,  we  find 
results  quite  different.  In  the  first  case  a 
part  only  of  the  weight  of  the  locomotive 
was  carried  on  the  rubber  wheels,  and  the 
coefficient  of  traction,  0.0105,  corresponds  to 
the  distribution  of  this  load  on  the  two 
wheels  in  the  same  proportion  as  in  the 
preceding  experiment. 

The  second  coefficient,  0.0168,  is  due  al- 
most exclusively  to  the  resistance  of  the 
rubber  on  the  macadamized  road ;  and  it 
differs  little  from  that  of  the  cars.  It  would 
have  been  higher  if  the  wheels  had  been  of 
the  same  diameter  and  width  of  rim.  Com- 
paring with  the  coefficient  found  for  slower 
speed,  we  find  an  increase  from  0.0130  to 
0.168. 

On  the  same  course  of  325  metres  were 
two  kinds  of  track ;  one,  of  stringers,  over 
18.32  m.  from  c  to  d;  the  other,  paved, 
over  9.70  m.  The  diagrams  showed  the 
following  results : 

Coefficients  of  Traction. 


Mean. 

Sleepers. 

Pavement. 

1st  trip 

2d    « 

3d    « 

0.0164 
0.0137 
0.0181 

0.0147 
0.<K)95 
0.0150 

0.0165 
0.0147 
0.0172 

Mean 

0.0163 
0.0163 

0.0133 
0.0184 

0.0160 

4th  trip...;... 

0.0207 

The  stringers  diminished  the  draft  nota- 
bly in  the  first  three  experiments,  the  mean 
of  coefficients  falling  from  163  to  133. 

The  pavement  made  no  difference.  As 
regards  the  rubber  bands,  it  would  seem 
that  the  stringers  were  a  disadvantage. 

Beyond  the  point  G,  the  diagrams  de- 
serve attention,  to  note  the  influence  of  the 
curve  and  the  grade  (reduced  to  0.111). 
The  following  table  shows  the  results : 


Coefficients  of  Traction. 


1st  trip 
2d  " 
3d  " 
4th    " 


Grade 
of  0">.027 


0.0164 
0.0137 
0.0181 
0.0168 


Grade 
of  0m.029 
(curve.) 


0  0212 
0  0259 
0  0148 
0  0406 


Grade 
of  Om.011 


0  0189 
0  0170 


The  anomalies  here  indicated  are  doubt- 
less due  to  the  short  course. 

Above  the  point  A,  the  diagrams  show 
nothing  of  interest  except  the  maximum 
ordinate,  showing  the  force  at  starting.  As 
this  never  exceeds  54  mille.,  we  infer  that 
the  force  was  never  greater  than  665  kil. 

En  resume  we  have  the  following  practi- 
cal results : 

1.  The  coefficient  of  traction  on  a  grade 
of  0.027,  allowance  being  made  for  the 
work  of  elevation,  is  reduced  by  this  sys- 
tem of  wheels  to  g1^,  reducing  the  coefficient 
of  traction  on  macadamized  roads  40  per 
cent. 

2.  This  advantage  is  lessened  as  the  grade 
becomes  steeper.  For  a  grade  of  0.030  the 
total  force  would  be  0.0304-0.016  =  0.046; 
while  on  an  ordinary  road  it  would  be  0.030 
+0.040=0.070.  It  would  be  reduced  to 
0.67  of  its  value  on  an  ordinary  road. 

3.  The  useful  weight  of  the  train  was 
largely  reduced  by  reason  of  the  great  pro- 
portionate weight  of  the  cars  and'  the  loco- 
motive. 

4.  As  regards  the  locomotive,  deducting 
work  due  to  elevation,  we  find  two  alto- 
gether different  coefficients,  one  0.0105,  very 
small;  the  other  0.0168.  Supposing  800 
kil.  of  the  total  weight  to  be  carried  on  the 
rail,  and  taking  a  coefficient  of  0.01,  we  find 
a  coefficient  for  the  rubber  wheels  of  0.0176 ; 
probably  due  to  the  relatively  large  diame- 
ter of  the  wheels,  viz.,  1.10  m. 

5.  On  this  grade  of  0.027  there  was  still 
a  large  excess  of  adhesion  which  might 
easily  have  been  utilized  by  carrying  a  large 
share  of  the  weight  of  the  locomotive  on  the 
driving  wheels. 

6.  The  small  locomotive,  weighing  2,700 
kil.  and  drawing  8,200  +  2,500=10,700, 
weight  of  locomotive  and  car,  gives  an  ad- 
hesion sufficient  to  balance  the  componont 
along  the  grade  of  0.027  m.,  of  10,700  + 
2,700  =  13,400,  or  361.60  kil  ;  with  trac- 
tion corresponding  to  the  same  load,  or 
13,400  X  0.016  =  214,40,  in  all,  576.80  k. ; 
sufficient  to  draw  on  a  horizontal  rail  576.80 : 
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0.16  =  36.050,  or  13.35  times  the  adhering 
weight. 

Previous  experiments  on  Aveling  &  Por- 
ter's road  locomotive  showed  that  on  a  good 


ordinary  road  in  fair  weather  the  adhesion 
corresponded  to  the  traction  of  a  total 
load  of  not  more  than  12  times  the  adhering 
weight. 


ACCIDENTS  TO  SUBMAKINE  CABLES. 

From  "Engineering." 


When  a  deep-sea  cable  was  long  ago 
talked  of  as  possible  to  be  laid  across  the 
Atlantic,  there  were  many  wiseacres  who 
shook  their  heads  and  prophesied  short 
life  to  any  submarine  cable  from  the  vo- 
racity of  the  inhabitants  of  the  deep  sea. 
These  opinions  found  little  faith,  and  were 
laughed  at.  Cables  have  been  laid,  and 
for  some  time  the  nearest  danger  was  that 
which  happened  to  the  Atlantic  cable  by 
the  close  approach  of  a  large  whale  whilst 
paying  out  was  proceeding.  Time  has 
gone  on,  and  the  wiseacres  were  after  all 
not  so  far  wrong,  for  we  have  now  on 
record  several  instances  of  damages  to 
submarine  cables  by  the  inhabitants  of  the 
sea. 

The  first  appearance  of  any  damage  done 
to  a  submarine  cable  appeared  to  the 
Levant  cable  laid  by  Mr.  Newall,  who 
Bpeaks  of  the  destruction  to  the  hemp  by  a 
species  of  "  teredo."  Mr.  Siemens  speaks 
to  the  same  effect,  and  says :  "  This  cable, 
which  was  laid  in  1858  and  taken  up  again 
last  summer  (1859),  was  found  to  be  beset 
by  another  enemy  in  the  shape  of  millions 
of  small  shell-fish  or  snails,  accompanied 
by  small  worms,  which  had  completely 
destroyed  the  unsheathed  hemp,  and  eaten 
some  circular  holes  in  the  gutta-percha." 
Professor  Huxley  wrote  as  the  result  of  his 
examination  of  these  shells :  "  The  speci- 
mens you  have  sent  me  remove  all  doubt 
as  to  the  nature  of  the  mischief-maker  in 
the  cable.  It  is  a  bivalve  shell-fish,  the 
xylophaga,  closely  allied  to  the  ship -worm 
(teredo),  but  distinguished  from  it,  among 
other  peculiarities,  by  not  lining  its  burrow 
with  shelly  matter.  The  xylophaga  turns 
beautifully  cylindrical  burrows,  always 
against  the  grain,  in  wood  ;  and  I  have  no 
doubt  it  perforated  the  hempen  coating  of 
the  cable  in  the  same  way.  On  meeting 
the  gutta-percha  it  seemed  not  to  have 
liked  it,  and  to  have  turned  aside,  thus 
giving  rise  to  the  elongated  grooves  which 
we  see.     Nothing   is   known,    so  far  as  I 


am  aware,  of  the  range  in  depth  of  xyloph- 
aga, so  that  I  cannot  answer  your  inquiry 
as  to  whether  it  is  probable  that  cables 
immersed  in  600  to  2000  fathoms  of  water 
would  be  attacked  or  not." 

In  1860,  several  portions  of  cable  covered 
with  hemp  and  steel  wire  were  picked  up 
in  the  Mediterrannean,  off  Minorca ;  these 
were  found  in  places,  and  up  to  deep  water, 
very  much  attacked  by  xylophaga,  the  hemp 
between  the  steel  wires  being  eaten  away 
into  holes  with  the  regularity  and  spacing 
of  those  in  a  cribbage-board.  As  in 
previous  cases,  the  gutta-percha  was  pen- 
etrated to  various  depths,  but  not  more 
than  the  size  of  the  shell-fish.  It  was 
generally  considered  that  the  xylophaga 
did  not  penetrate,  owing  to  its  dislike  to 
gutta-percha ;  but  some  persons,  at  the 
time,  thought  there  was  a  great  deal  of 
doubt  about  the  point,  for  there  was  no 
sign  amongst  the  great  length  of  cable  so 
damaged,  of  any  dislike,  the  main  sign 
being  that  there  had  been  no  time  for 
further  penetration. 

That  the  xylophaga  does  penetrate  gutta- 
percha to  an  injurious  extent  was  found  to 
be  the  case  with  some  experimental  wire 
laid  in  Kurrachee  Harbor ;  this  core  was 
subsequently  found  to  be  pierced  in  num- 
erous places,  to  such  an  extent  as  to  destroy 
the  insulation.  No  such  severe  case  has 
elsewhere  been  met  with,  although  xyloph- 
aga are  now  met  with  in  almost  every 
sea  and  every  point  where  cables  have  been 
laid.  In  the  Norwegian  cable,  we  have 
seen  specimens  which  exhibit  more  than 
usual  penetration. 

It  may  be  generally  assumed  that  a  core 
with  a  solid  sheathing  of  iron  wire,  so  long 
as  that  sheathing  remains,  is  safe  against 
the  attacks  of  these  destroyers,  but  that  a 
core  cannot  be  considered  safe  as  soon  as  an 
opening  presents  itself,  for,  up  to  the 
present  time,  it  is  impossible  to  say  where 
they  do  not  exist.  In  the  recent  operations 
connected  with  the  attempt  to  repair  the 
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1865  Atlantic  cable,  a  portion  of  the  1858, 
or  original  cable,  was  brought  to  the  sur- 
face. Where  the  wire  sheathing  had  dis- 
appeared it  was  fouud  that  the  gutta-percha 
had  been  attacked;  "for  where  the  core 
had  been  bared  there  are  distinct  marks  of 
worms,  such  as  one  sees  in  very  old  hard 
timber,  or  in  the  rich  calf  binding  of  old 
folios  in  a  library." 

We  have  several  reports  at  different 
times  of  cables  being  damaged  by  the 
attack  of  inhabitants  of  the  sea.  The 
Cuba  and  Florida  cable  was  once  damaged 
by  the  bite  of  .some  large  fish,  and  a  similar 
accident  happened  to  the  China  cable  In 
the  Malta- Alexandria  cable  a  piece  of  core, 
from  which  the  sheathing  had  been  worn, 
was  found  to  be  penetrated  by  being 
bitten  by  a  shark,  pieces  of  the  teeth  being 
left  in  the  gutta-percha,  indicating  un- 
questionably the  cause. 

Some  details  of  a  fault  which  happened 
some  time  since  to  the  Singapore  cable  are  in- 
teresting. This  cable  was  laid  in  December, 
1870,  and  the  first  stoppage  occurred  in  the 
following  March,  and  was  found  to  be  200 
miles  from  Singapore.  The  cable  was 
pierced,  and  pieces  of  bone  were  found 
crushed  in  the  middle  of  the  hole.  This 
specimen  was  examined  for  a  long  time  by 
Mr.  Frank  Buckland,  and  it  was  remarked 
that  the  damaged  place  was  caused  by 
piercing,  and  not  by  being  bitten  by  the 
f  jrce  of  a  jaw.  He  accidentally  found  in 
his  collection  a  saw-fish,  from  which  he 
detached  the  saw,  and  found  that  he  could 
make  in  the  cable  an  incision  similar  to 
that  which  already  existed.  Mr.  Buckland 
stated  that  the  saw-fish  have  the  habit  of 
penetrating  the  bottom  of  the  sea  in  search 
of  food,  and  giving  a  backward  and  forward 
motion  to  the  species  of  lance  with  which 
they  are  armed.  The  extremity  of  the 
saw  of  one  of  these  fishes  would  become 
entangled  in  the  exterior  wires  of  the 
cable ;  a  further  brisk  movement  of  the 
fish  would  make  it  penetrate  ;  and, 
finally,  violent  struggles  would  break 
t  e  saw,  after  having  pierced  the  cable 
through  and  through,  as  seen  in  the  dam- 
aged piece. 

Details  of  a  most  extraordinary  break- 
down to  the  Persian  Gulf  Cable  came  to  us 
from  Mr.  Izaak  Walton,  the  superintendent 
of  the  Persian  Gulf  telegraphs.  He  relates 
that  "  the  cable  between  Kurrachee  and 
Gwador  (a  distance  of  about  300  miles) 
suddenly  failed  on  the  evening  of  the  4th 


instant.  The  telegraph  steamer,  Amber 
Witch,  under  the  command  of  Captain 
Bishop,  with  the  electrical  and  engineering 
staff  under  Mr.  Henry  Mance,  proceeded 
on  the  following  day  to  repair  the  damage, 
which,  by  tests  taken  at  either  end,  ap- 
peared to  be  118  miles  from  Kurrachee.  The 
Amber  Witch  arrived  on  the  ground  at  2 
p.  m.  on  the  6th,  a  heavy  sea  and  thick  fog 
prevailing  at  the  time,  but  the  cable  was 
successfully  grappled  within  a  quarter  of  a 
mile  of  the  fault. 

"The  soundings  at  the  fault  were  very 
irregular,  with  overfalls  from  30  to  70 
fathoms.  On  winding  in  the  cable  unusual 
resistance  was  experienced,  as  if  it  were 
foul  of  rocks,  but,  after  persevering  for 
some  time,  the  body  of  an  immense  whale, 
entangled  in  the  cable,  was  brought  to  the 
surface,  where  it  was  found  to  be  firmly 
secured  by  two  and  a  half  turns  of  the 
cable  immediately  above  the  tail.  Sharks 
and  other  fish  had  partially  eaten  the  body, 
which  was  rapidly  decomposing,  the  jaws 
falling  away  on  reaching  the  surface.  The 
tail,  which  measured  fully  12  ft.  across,  was 
perfect,  and  covered  with  barnacles  at  the 
extremities. 

"Apparently  the  whale  was,  at  the  time 
of  entanglement,  using  the  cable  to  free 
itself  fiom  parasites,  such  as  barnacles, 
which  annoy  them  very  much,  and  the 
cable  hanging  in  a  deep  loop  over  a  sub- 
marine precipice,  he  probably,  with  a  fillip 
of  his  tail,  twisted  it  round  him,  and  then 
came  to  an  untimely  end." 

This  is,  without  exception,  the  mo>t  ex- 
traordinary accident  that  has  happened  to 
any  submarine  cable  that  has  come  within 
our  knowledge,  although  many  strange 
accidents  have  arisen.  In  one  case  the 
cable  across  the  river  Yar,  in  the  Isle  of 
Wight,  was  broken  by  a  bullock,  which 
falling  overboard,  got  entangled  in  the 
cable,  finally  breaking  it. 

The  causes  of  interruption  we  have 
alluded  to  are  impossible  to  provide  against, 
with  the  exception  of  the  attacks  from 
xylophaga,  and  it  is  to  be  trusted  that 
they  will  always  continue  to  be  of  very 
rare  occurrence.  The  use  of  silica  in 
the  compound  now  generally  applied  out- 
side all  cables  is  hoped  to  be  a  pre- 
ventive agaiDst  the  insidious  attacks  of 
the  persevering  shell  fish.  Enough,  how- 
ever, has  been  said  to  show  that  there 
are  strange  elements  in  the  life  of  a  sub- 
marine cable. 
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THE  EAPIDITY  OF  DETONATION. 


From  "Nature. 


A  circumstance  of  singular  interest  has 
recently  been  revealed  in  connection  with 
the  investigations  still  being  carried  on 
with  gun-cotton  at  Woolwich  Arsenal. 
The  experiments  made  with  this  powerful 
explosive  have  now  extended  over  a  period 
of  ten  years,  and  although  many  discoveries 
of  vital  interest  have  been  made  by  Pro- 
fessor Abel,  and  by  Mr.  E.  0.  Brown,  who 
is  aiding  in  the  research,  the  results  teach 
us,  before  everything,  how  much  more  we 
have  yet  to  learn  of  the  properties  of  py- 
roxiline.  First  of  all,  the  violence  of  its 
explosion  had  to  be  tamed,  then  a  com- 
pressed form  of  the  material  was  devised, 
and  after  that  it  was  shown  that,  like  its 
sister-explosive,  nitro-glycerine,  gun-cotton 
could  be  violently  detonated,  if  ignited  by  a 
charge  of  fulminate.  Gun-cotton,  in  fact, 
turns  out  to  be  sympathetic,  for  according  to 
the  energy  with  which  it  is  inflamed,  so  it 
responds  in  its  behavior:  thus,  if  gerrtly 
ignited  by  a  spark,  the  cotton,  in  the  form 
of  yarn,  smouldered  slowly  away ;  when 
set  fire  to  by  a  flame,  it  burnt  up  rapidly ; 
if  in  the  form  of  a  charge  it  was  exploded 
in  a  mine  or  a  firearm,  it  at  once  resented 
the  shock  and  replied  with  corresponding 
energy,  behaving  like  gunpowder  under 
similar  circumstances  ;  while,  lastly,  if  fired 
with  great  violence  with  a  few  grains  of 
fulminate,  it  is  detonated  with  as  much 
force  and  with  the  same  terrible  effect  as  its 
instigator. 

More  recently,  as  many  may  have  heard, 
our  investigators  have  succeeded  in  detona- 
ting, or  in  other  words,  exploding  to  the 
best  advantage,  gun-cotton  when  in  a  damp 
condition ;  and  in  this  state  the  explosion 
is  every  bit  as  violent  as  when  the  material 
is  dry.  This  grand  discovery  is  naturally 
of  the  utmost  impotance,  because,  although 
many  objections  may  be  advanced  as  to  the 
danger  of  storing  and  using  gun-cotton 
when  dry,  the  most  nervous  of  us  would 
scarcely  hesitate  to  employ  it  sopping  wet. 
In  this  latter  condition  the  material  is, 
strange  to  say,  not  only  non-explosive,  but 
positively  nun-inflammable ;  so  much  so, 
indeed,  that  it  would  be  probably  as  ser- 
viceable in  putting  out  a  fire  as  a  wet 
blanket  or  a  damp  towel  would  be.  It  can 
neither  be  inflamed  nor  exploded  when 
wet ;  and  further,  unless  one  has  the  key 


to  its  detonation — a  little  fulminate  of  mer- 
cury— it  is  of  no  more  value  as  an  explosive 
than  so  much  wet  paper  pulp.  When 
placed  in  contact,  however,  with  a  fuse  of 
the  proper  construction  and  a  cake  of  dry 
gun-cotton,  to  start  the  action,  the  wot  py- 
roxiline,  as  we  have  said  before,  detonates 
as  readily  as  when  the  moisture  amounts 
to  but  a  fraction  of  a  per  cent.  Moreover, 
the  quantity  of  water  in  the  material  is 
really  of  no  importance,  for  it  has  been 
found  that  for  submarine  mines,  compressed 
cakes  enclosed  in  a  fishing-net  and  thrown 
overboard  with  a  dry  primer  and  a  fulmi- 
nate fuse,  will  explode  with  just  as  much 
energy  as  when  confined  in  a  water-tight 
steel  case. 

It  is  in  respect  to  this  detonation,  and 
more  particularly  to  the  rapidity  of  its  action, 
that  we  desire  to  speak  at  the  present  mo- 
ment. Recent  experiment  has  shown  that 
the  rapidity  with  which  gun-cotton  detonates 
is  altogether  unprecedented,  the  swiftness  of 
the  action  being  truly  marvellous.  Indeed, 
with  the  exception  of  light  and  electricity, 
the  detonation  of  gun-cotton  travels  faster 
than  anything  else  we  are  cognizant  of. 
Thus,  detonation  will  run  aloug  a  line  of 
gun-cotton  cakes,  placed  so  as  to  touch  ono 
another,  with  a  rapidity  only  inferior  to 
that  of  electricity,  setting  fire  to  a  charge  or 
conveying  a  signal,  if  desired,  almost  in- 
stantaneously. Twenty  thousand  feet,  or 
nearly  three  miles,  per  second,  is  calculated 
to  be  its  rate  of  travelling  according  to 
Noble's  electric  chronoscope.  In  one  ex- 
periment 42  ft.  of  the  material  was  fired, 
and  records  secured  at  every  6  ft. ;  and  in 
this  case  the  results  given  were  most 
uniform,  for  the  velocity  only  varied  from 
19  to  20,000  ft.  per  second,  the  ratio 
of  transit  being  in  no  instance  less  than 
this. 

To  form  an  approximate  idea  of  this 
extraordinary  rapidity,  it  is  necessary  to 
call  to  mind  the  rates  of  travelling  of  other 
mediums.  Light  and  electricity  we  may 
leave  out  of  the  question,  as  these  are 
immaterial  bodies.  A  bullet  usually  flies 
at  the  rate  of  1,300  ft.  per  second,  although 
rifled  barrels  have  been  known  to  project  a 
shot  with  a  velocity  of  1,400  ft.  Sound  is 
much  slower  in  travelling,  for  a  second  of 
time  is  required  in  getting  through  some 
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1,100  ft.  A  quick  match  of  the  most  deli- 
cate construction  would  probably  be  longer 
still  in  making  way,  and  a  train  of  gunpow- 
der would  be  left  far  behind.  So  it  may  be 
safely  affirmed,  we  think,  that  the  detonation 
of  gun-cotton  travels  more  rapidly  than  any 
other  known  medium,  with  the  exception, 
we  repeat,  of  light  and  electricity. 

It  is  curious  to  note  that  not  every  deto- 
nating or  fulminating  substance  will  induce 
the  detonation  of  gun-cotton.  It  seems  as 
if  a  certain  number  of  vibrations  require  to 
be  set  up — a  certain  key-note  to  be  struck — 
in  order  to  secure  the  decomposition  of  the 
material.  Thus  it  is  found  that  fulminate 
of  mercury  detonates  gun-cotton  readily, 
while  again  it  is  also  capable  of  being  deto- 
nated by  itself;  so  that  if  a  line  of  com- 
pressed cakes  is  detonated  at  one  end  by  a 
charge  of  fulminate  of  mercury,  the  deto- 
nation is  communicated  rapidly  from  one 
cake  to  another,  until  they  are  all  consumed. 
Nor  does  the  force  diminish  at  all  as  it  runs 
along  the  line,  as  might  perhaps  be  imag- 
ined ;  if  this  were  the  case,  the  detonation 
set  up  at  the  beginning  of  a  line  would 
only  run  up  to  a  certain  distance,  and  there 
come  to  a  full  stop,  as  soon,  that  is,  as  the 
vibrations  are  insufficient  to  explode  the 
gun-cotton.  This,  however,  does  not  hap- 
pen in  actual  experiment;  and,  on  reflection, 
it  stands  to  reason  that  if  the  first  cake  of 
pyroxiline  is  capable  of  firing  the  second 
one,  the  ninety-ninth  is  just  as  ready  to 
detonate  the  hundredth.  Thus  the  detona- 
tion can  be  carried  along  a  line  of  any 
length,  and  the  force  is  as  powerful  and 
violent  at  the  end  as  it  was  in  the  begin- 
ning. 

This  property  of  gun-cotton  may  obviously 
be  put  to  valuable  use  both  in  industrial 
and  military  operations.  Inany  case  where 
it  is  of  importance  that  a  series  of  blasting 
or  mining  charges  should  be  fired  simul- 
taneously, their  connection  together  by 
means  of  gun  cotton  would  insure  such  a 
result.  True,  the  same  effect  could  be 
obtained  by  means  of  an  arrangement  of 
insulated  wires,  the  charges  being  detonated 
simultaneously  with  the  aid  of  a  battery, 
but  such  a  plan  is  not  always  convenient 
nor  practicable.  For  cutting  down  palisades, 
or  stout  wooden  walls,  a  line  of  gun-cotton 
discs  exploded  in  this  way  would  be  most 
efficacious ;  and  a  more  ready  plan  of  fell- 
ing timber  does  not  probably  exist  than  that 
of  placing  around  the  stem  of  a  tree  a  chain 
or  necklace  of  the  explosive  in  the  form  of 


compressed  cakes,  the  detonation   of  these 
dividing  the  trunk  as  sharply  as  the  keen- 


est axe. 


The  general  results  of  the  working  of  the 
railways  in  Europe  for  the  years  1864-7 
have  just  been  published  officially.  The 
total  length  of  the  lines  in  working  order  at 
the  end  of  1867  is  given  at  85,384  kilos. ; 
the  total  cost  of  working  at  1,431,144,143  f., 
and  the  total  net  revenue  1,474,663,053  f. 
The  expenses  exhibit  considerable  differen- 
ces, not  only  in  various  countries,  but  in 
various  cases  in  the  same  country,  and 
whether  the  lines  were  worked  by  compa- 
nies or  by  the  governments.  The  length  of 
lines  worked  by  the  latter  was  only  13,000 
kilos.  It  is  only  in  Baden,  Oldenburg, 
Reuss,  and  Brunswick  that  all  the  lines  are 
worked  by  the  State ;  and  the  only  coun- 
tries in  which  they  are  entirely  in  the 
hands  of  companies  are  Anhalt,  Austria, 
Denmark,  Spain,  France,  Great  Britain  and 
Ireland,  Italy,  Holland,  Luxembourg,  Por- 
tugal, and  Turkey  in  Europe.  The  highest 
rate  of  cost  of  working  was  in  Turkey, 
where  it  reached  92.66  per  cent,  of  the 
receipts,  and  the  lowest  in  Austria,  where  it 
only  amounted  to  39.09  per  cent.  The  av- 
erage cost  of  working  by  the  State  was 
50.70  per  cent,  in  Germany,  and  54.50  per 
cent,  in  other  European  countries ;  while 
the  cost  of  working  by  companies  averaged 
46.12  per  cent,  in  Germany,  and  48.33  per 
cent  in  the  other  nations. 

With  the  exception  of  Germany  and  Aus- 
tria, in  which  cases  the  results  are  not  given, 
France  works  her  railways  with  the  great- 
est economy ;  her  expenses  only  amounted 
to  46.79  per  cent,  of  the  receipts,  while  in 
England  they  reached  50.22,  in  Belgium 
53.72,  and  in  Switzerland  50.61  per  cent. 
The  difference  in  the  net  income  between 
1864  and  1867  showed  an  increase  in  favor 
of  the  latter  year  of  0.76  per  cent.,  and  in 
France  alone  1.42  per  cent. 

The  King  of  Holland  has  inaugurated 
the  new  ports  of  Flushing,  which  deserve 
notice  for  their  commercial  importance. 
They  open  on  one  side  to  the  North  Sea  by 
the  Scheldt,  which  is  navigable  for  ships  of 
the  largest  class,  even  in  the  winter,  when 
the  greater  part  of  the  Dutch  ports  are  fro- 
zen up ;  on  the  other  hand,  they  are  con. 
nected  with  the  whole  European  system  of 
railways,  and  with  the  navigable  canals  of 
Germany. — Iron. 
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THE  ENERGY  OF  ELECTRICITY,  WITH  ESPECIAL  REFERENCE 
TO  ITS  MEASUREMENT  AND  UTILIZATION. 

By  th£  Rev.  ARTHUR  RIGG,  M.  A. 
From  "The  Telegraphic  Journal" 


The  energy  of  electricity  is  being  mani- 
fested in  phases  new  to  men  day  by  day. 
That  which  in  the  early  part  of  the  present 
century  was  unknown,  is  now  so  well  known 
as  to  win  neither  surprise  nor  notice.  The 
telegraph  which  girdles  the  earth — the 
electro-deposition  of  metals — the  light  which 
pales  our  brightest — the  power  which  melts 
the  most  refractory  metals — these  have 
been  handed  down  by  science  to  promote 
the  commercial  and  social  welfare  of  man- 
kind. Propositions  better  established  than 
that  which  asserts  electricity  to  be  non- 
producible  from  sufficiently  economical 
sources,  have  faded  into  ojblivion.  The 
energies  of  electricity  are  manifested  when- 
ever there  is  a  molecular  disturbance  within 
or  amongst  bodies.  Whenever  any  change 
takes  place  in  anything  whatever,  and 
amongst  any  molecules  whatever,  an  electric 
current  is  produced,  and  if  not  necessarily 
manifested  to  us,  still  it  always  is  present. 
Probably  there  is  not  a  single  act  of  our 
lives,  and  it  may  be  not  even  a  thought  in 
our  heads,  which  is  not  associated  with  an 
electric  current.  Kindly  understand  that 
the  lecture  is  on  the  energy  of  electricity, 
and,  therefore,  time  must  not  be  occupied  in 
describing  instruments.  Galvanometers  are 
nowadays  made  so  delicate  that  if  you  lay 
one  finger  in  one  trough  of  salt  water,  and 
another  in  another,  and  simply  tighten  the 
muscles  of  one  arm,  a  current  of  electricity 
passes  through  the  galvanometer  and 
deflects  the  needle.  We  usually  speak  of  a 
galvanic  battery  as  being  formed  of  zinc 
and  copper,  or  of  metals  in  chemically 
different  relations  to  a  liquid.  If,  however, 
you  take  a  piece  of  ordinary  copper  bell 
wire,  and  connect  the  two  ends  of  it  to  the 
galvanometer,  then  cut  it  in  two  with  a 
pair  of  scissors,  and  dip  each  cut  end  into 
salt  and  water,  or  put  theminto  your  mouth, 
an  electric  current  passes,  and  the  galva- 
nometer shows  that  there  has  been  some 
species  or  other  of  molecular  disturbance 
which  has  caused  a  manifestation  of  elec- 
trical energy.  This  energy  of  electricity 
becomes  kinetic  when  it  is  allowed  to  pass 
freely.  For  example,  in  any  bodies  that 
are  quiescent  it  is  kinetic,  but  it  is  potential 
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when  resisted.  If,  for  instance,  a  current 
of  electricity  passes  along  a  wire,  and  the 
action  is  resisted,  the  wire  becomes  hot. 
If  it  passes  through  any  compound  body, 
as,  for  instance,  water,  then  it  is  resisted, 
and  the  water  is  immediately  decomposed. 
Consequently  we  are  dealing  with  an  energy 
manifested  in  molecular  disturbance,  and 
having  both  a  potential  or  stored  up  power, 
and  a  kinetic  power  in  motion.  The  ques- 
tion now  is,  how  is  this  energy  to  be 
measured?  Towards  the  middle  of  the  last 
century  (about  1746)  the  first  electrical 
machine  was  made.  In  1650,  Otto  Guericke, 
to  whom  we  are  indebted  for  the  air  pump, 
suggested  the  scheme,  but  Hawksbee  was 
the  first  to  make  one.  His  machine  con- 
sisted of  a  ball  of  sulphur,  afterwards 
altered  to  a  ball  of  glass.  The  hands  were 
employed  to  rub  it,  and  a  large  fly-wheel 
about  six  feet  high  was  employed  to  turn 
it.  Silk  threads  from  the  ceiling  held  what 
we  now  call  the  conductor ;  and  by  the 
exercise  of  a  very  large  amount  of  me- 
chanical power  they  were  enabled  to  get  a 
small  spark,  to  the  surprise  of  all,  to  the 
curiosity  of  many,  and  the  dread  of  not  a 
few.  After  that  we  come  to  the  plate 
machine,  which  is  arranged,  as  you  are 
aware,  with  cushions ;  still  we  have  those 
sparks  which  were  supposed  to  have  much 
energy  in  them.  We  then  pass  on  from 
the  glass-plate  machine  to  the  vulcanite- 
plate  machine.  Sparks  pass  from  the 
conductor,  and  are  usually  charged  into  a 
jar  of  this  kind — a  Leyden  jar.  That  was 
first  done  in  the  year  1746.  The  mode  in 
which  electricity  thus  presenting  itself  was 
ultimately  measured,  was  by  a  small  jar 
of  this  kind,  called  a  unit  jar.  The  state  of 
the  atmosphere  and  other  surroundings  so 
influenced  the  passing  electricity  that  ac- 
curate comparisons  and  conclusions  could 
not  be  made.  Moreover,  these  jars  vary  on 
the  surface,  and  in  the  character  of  the  glass, 
and  in  other  ways  ;  consequently  this  mode 
of  measuring  energy  must  necessarily  be  a 
failure.  The  unit  jar,  therefore,  has  fallen 
into  complete  disuse.  Let  us  now  pass  on 
to  the  mode  of  obtaining  electricity  from  chem- 
ical action.     Before  doing  so,  a  phenomenon 
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should  be  noticed,  which  disturbs  results 
very  seriously,  and  which  is,  at  present,  not 
understood.  Here  is  some  copper  wire, 
covered  with  cotton,  coiled  from  end  to  end, 
say  five  or  six  times  along  this  large  bob- 
bin of  wood.  Within  the  bobbin  is  a  larger 
hole  than  usual.  The  two  ends  of  this 
wire  so  coiled  are  connected  with  the 
reflecting  galvanometer.  The  reflected  light 
from  this  lamp  is  now  visible  and  stationary 
upon  the  screen.  You  are  aware  that 
motion  of  that  reflected  speck  of  light  will 
be  the  consequence  of  electricity  passing 
through  the  coils  of  the  galvanometer. 
Now  observe  that,  without  either  chemical 
or  physical  agency  acting  upon  or  in  contact 
with  the  wire,  we  shall  obtain  a  mani- 
festation of  electrical  disturbance  within  the 
copper  wire.  Let  the  end  of  this  steel 
magnet  be  introduced  within  the  bobbin, 
you  see  that  the  speck  of  light  immediately 
moves.  Except  in  this  manner,  copper  does 
not  manifest  electrical  properties.  Again, 
if  the  other  end  of  the  steel  magnet  be 
brought  within  the  bobbin,  you  see  the 
speck  of  the  galvanometer  moves  in  an 
opposite  direction.  Thus  may  be  shown 
one  form  of  electrical  induction.  Now, 
with  that  phenomenon  we  are  perplexed. 
This  property  of  induction  manifests  itself 
at  times  and  in  ways  of  which  we  know 
nothing.  For  example,  if  a  copper  wire 
were  laid  upon  this  floor,  and  another 
copper  wire  were  laid  parallel  to  it  on  the 
floor  below ;  and  if  any  current  of  elec- 
tricity passed  through  the  wire  on  this  floor, 
the  one  below  would  answer  to  it,  although 
there  was  not  any  apparent  contact  or 
communication  between  them.  The  next 
stage  in  obtaining  electricity  is  by  means 
of  what  is  called  a  galvanic  cell.  Such 
a  cell  usually  consists  of  -  two  different 
metals,  and  one  or  two  liquids.  Whatever 
may  be  the  arrangement,  the  electricity 
developed  may  be  estimated  by  the  in- 
tensity of  chemical  affinity  during  the 
process,  and  at  the  time  of  the  measure- 
ment. But  the  whole  of  this  question  of 
chemical  affinity  must  now  be  assumed, 
and  some  of  the  affinities  explained  in  the 
last  lecture  are  probably  the  chemical 
affinities  operating  in  this  cell.  A  chemical 
action  takes  place  upon  a  square  inch  of 
one  plate,  and  it  is  met  by  an  action  upon 
a  square  inch  of  the  other,  therefore  on 
every  square  inch  an  action  is  produced. 
Between  the  two  plates  there  is  something 
(say  the  liquid)    which   causes   the   action. 


It  is  in  fact  the  presence  of  this  liquid 
which  calls  the  chemical  affinities  into  play. 
A  word  must  now  be  introduced  which  will 
often  occur  during  the  evening,  and  it  is 
one  which  performs  an  important  part  in 
the  measurement  of  electricity  of  the  char- 
acter which  men  utilize,  i.  e.y  resistance. 
Indeed,  this  resistance  to  the  free  passage  of 
an  electric  current  is  our  chief  business  to- 
night. Whilst  the  size  of  the  plates  in 
these  cells  is  increased,  the  resistance  to 
the  free  course  of  the  manifested  electricity 
is  not  decreased.  Thus,  for  instance,  from 
a  square  inch  of  one  plate  there  is  a  current 
of  electricity  meeting  or  co-operating  with 
that  developed  from  a  sq.  in.  of  the 
opposite  plate.  Whatever  may  be  the 
energy  of  the  chemical  affinity  upon  1 
sq.  in.,  it  is  met  by  the  energy  of  the 
chemical  affinity  upon  the  opposite  sq.  in. 
of  the  other,  and  that  energy  has  to  over- 
come the  resistance  of  the  liquid  between 
them.  Now,  then,  assume  that  each  of 
these  plates  is  enlarged  by  the  addition  of 
another  sq.  in.  This  introduces  an  ad- 
ditional quantity  of  liquid,  and  we  have  to 
overcome  the  resistance  of  this  liquid.  It 
may  perhaps  make  clear  what  is  a  difficulty 
to  many  minds  if  an  attempt  be  made  to 
explain  how  it  is  that  an  electrical  current 
which  passes  when  cells  are  coupled  up 
"in  series,"  that  is,  one  after  the  other,  is 
more  intense  than  when  they  are  combined 
as  one  large  single  cell.  Supposing  these 
two  plates,  each  1  sq.  in.  in  area,  were  the 
only  two  concerned,  therefore  there  would 
be  a  certain  resistance  to  be  overcome. 
The  chemical  affinity  of  one  such  combi- 
nation not  only  overcomes  that  resistance, 
but  leaves  a  surplus  of  electricity,  which 
surplus  is  said  to  run  along  the  outside 
wire,  and  may  produce  what  we  call  a 
telegraphic  dispatch.  Now,  suppose  that 
in  addition  to  those  two  plates,  there  are 
two  others  of  the  same  size  and  material  in 
a  cell  behind  them.  Between  these  second 
plates  there  is  also  a  resistance  similar  to 
that  between  the  first  two.  Those  two 
second  plates,  however,  also  produce  a 
surplus.  Now  as  that  surplus  passes  over, 
it  continues  its  way  through  the  previous 
plates  and  wire,  and  the  consequence  is 
that  when  once  the  resistance  of  its  own 
cell  has  been  overcome,  the  surplus  elec- 
tricity can  pass  through  the  other  cells 
without  any  resistance,  and  therefore  we 
are  enabled  to  add  the  surplus  of  one  cell 
to   the   surplus  of  the   next,    and   so    on. 
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Electricity  thus,  or  by  other  means  at  our 
disposal,  is  now  to  be  measured.  This 
electricity  is  measured  in  a  very  simple 
way.  All  the  apparatus  is  here,  but  as  it 
would  take  to  long-  too  show  experiments  in 
detail,  perhaps  you  would  kindly  accept  a 
statement  of  facts  instead  of  a  visible  re- 
production of  them.  In  these  cells  is  being 
produced  a  quantity  of  electricity  which  is 
to  be  measured,  much  as  sugar  is  measured 
by  the  pound  or  liquids  by  the  quart.  The 
way  it  is  measured  is  either  by  the  chemical 
decompositions  thatjit  can  produce,  or  by  the 
amount  of  heat  it  can  develop,  or  by  other 
means,  as  for  instance  its  effect  upon  the 
magnet  in  a  given  time.  To  consider  a 
mode  of  measurement  we  must  recur  to 
those  elements  — mass,  space,  and  time. 
The  apparatus  on  which  my  hand  now 
rests  consists  of  a  wooden  ring,  about  10 
in.  in  diameter,  having  coils  of  copper  wire, 
round  it.  Within  this  circular  box  with  a 
glass  top  is  a  small  magnetized  steel 
needle.  Now,  the  small  steel  needle  as- 
sumes a  certain  position  in  consequence  of 
the  influence  of  terrestrial  magnetism. 
Such  an  influence  as  this  is  not  unlike  a 
stream  of  water  in  a  brook  upon  a  short 
stick,  one  end  of  which  is  tied  to  a  stake  by 
a  string.  So  long  as  the  stream  flows 
steadily  past  the  stick  it  is  retained  in  the 
same  position.  Let  a  disturbance  take 
place  in  the  evenly  flowing  water,  and  the 
stick  will  no  longer  retain  either  steadiness 
or  direction.  Suppose,  now,  that  this 
needle  is  retained  in  a  certain  direction  by 
the  influence  of  what  we  may  call  the  stream 
of  terrestrial  electricity  flowing  through  the 
atmosphere  of  this  room.  (That  such  a 
stream  is  so  flowing  through  the  atmosphere 
shall  be  made  apparent  presently. )  From 
these  four  cells  of  a  galvanic-battery  a 
current  of  electricity  may  be  caused  to  pass 
along  the  wire  which  surrounds  this  wooden 
ring.  The  arrangements  are  made,  and 
such  a  current  is  now  passing.  What  is 
the  consequence?  The  even  flow  of  that 
which  retained  the  needle  is  disturbed,  and 
the  needle  answers  as  the  stick  in  the  water 
would  have  done  to  the  disturbing  causes. 
Clearly  the  nature  and  extent  of  the  in- 
visible disturbance  may  be  estimated — 
indeed  measured — by  the  motions  of  the 
visible  needle,  just  as  a  new  position  as- 
sumed by  the  stick  would  measure  the 
disturbing  influence  on  the  stream.  The  pro- 
mise to  let  vou  have  proof  that  there  are  cur- 
rents of  electricity  passing  through  the  atmos- 


phere of  this  room  may  now  be  ]  e  leemed. 
Here  is  a  circular  wooden  ring,  with  wire 
round  it  as  before.  You  may  notice  that 
it  can  be  turned  as  a  looking-glass  in  its 
frame.  The  ends  of  the  wire  coiled  round 
it  are  now  connected  with  the  wires  of  the 
galvanometer,  the  mirror  of  which  reflects 
that  speck  of  light  on  the  screen.  The 
looking-glass  mounted  ring  is  placed  in  ref- 
erence to  the  (so-called)  current  of  elec- 
tricity always  passing  through  the  atmos- 
phere, that  were  there  a  glass  in  the  frame 
the  current  would  beat  upon  that  glass. 
If  the  frame  be  turned  one-fourth  round, 
then  the  current  will  pass  parallel  to  the 
face  of  the  frame.  Or  thus  : — If  the  frame 
of  the  wire-enclosed  ring  be  placed  paral- 
lel to  the  direction  of  this  magnetized 
needle,  then  the  current  of  electricity  through 
the  atmosphere  of  this  room  is  passing 
parallel  to  the  ring.  To  move  it,  therefore, 
from  this  position  to  one  at  right  angles  to 
it,  it  is  clear  that  the  circumferential  wire 
must,  as  it  were,  cut  the  stream  of  elec- 
tricity, if  there  be  one.  Now,  so  cutting  it, 
there  will  be  a  disturbance  in  the  electricaL 
condition  of  the  wire,  which  may  be  mani- 
fested by  a  motion  of  that  speck  of  light. 
Observe  now,  that  every  motion  of  the 
frame  causes  a  motion  in  the  needle  of  that 
galvanometer,  which  is  placed  on  a  stand 
far  removed  from  the  table  on  which  the 
motion  of  the  frame  takes  place.  The  two 
experiments  now  made  may  satisfy  you : 
— 1st.  That  there  is  what,  for  want  of  an- 
other name,  we  may  call  a  current  of  elec- 
tricity passing  through  the  air ;  2d.  That 
disturbance  of  the  uniform  quiet  flow  of  this 
current  may  be  caused ;  3d.  That  this  needle 
is  sensitive  to  such  a  disturbance ;  and, 
4th.  You  will  perhaps  accept  my  word  for 
that  which  time  alone  prevents  being  illu- 
strated, viz.,  that  the  amount  of  this  dis- 
turbance may  be  measured  by  the  needle  ; 
that  is  to  say,  the  greater  the  disturbance 
the  further  will  the  needle  be  moved  from 
its  original  position.  Telegraphy  seems  at 
present  to  have  taken  the  most  important 
position  in  the  manifestation  of  the  energy 
of  electricity.  Telegraphists  therefore  nat- 
urally consider  how  they  can  measure  the 
energy  with  which  they  deal.  The  first 
question  that  presents  itself  is  what  may  be 
called  the  measure  of  resistance.  It  was 
soon  observed  that  electricity  passed  along 
certain  metal  wires  more  freely  than  other 
metal  wires  of  the  same  size  and  length. 
The  observation  admitted  of  a  very  impor- 


516 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


tant  utilization.     For  example,  suppose  the 
wire  now  stretched  from  one   end  to  the 
other  of  this  room  was  one  mile  in  length, 
and   that   the   little  apparatus  with  which 
electricity  is   being   produced  at  this   end 
could  produce  a  certain  result  at  the  other 
end.     Now,  let   us   take  another   metallic 
wire  of  the   same  length,   and  suppose  the 
result  produced  in  this  case  is  much  less 
than  in  the  first.     It  will  be  admitted,  with- 
out any  detailed  experiment,  that  by  shorten- 
ing again  and  again,  the  second  wire  may 
be  reduced  to  a  length  which  permits  the 
phenomenon  at  the  end  of  the  first  wire  to 
be  repeated  at  the  end  of  the  second.    Now 
measure  the  second  ;  it  is  only  one  quarter 
of  a  mile.     Try  a  third  and  a  fourth  wire  ; 
perhaps    they    are  respectively  reduced  to 
one-eighth  and  one-tenth  of  a  mile.     Evi- 
dently there  is  some  property  in  these  wires 
which  hinders,   retains,   or  resists  the  pro- 
gress of  electricity.     The  property  is  called 
"  resistance,"    and    is    available   for    very 
useful  purposes.     It  may  here  be  remarked 
that  perhaps  there  have  been  no  lectures 
ever  given  in  this  room  of  a  more  important 
and  scientific  character  than  a   course  of 
Cantor  Lectures  on  electricity  by  Mr.  Flee- 
ming  Jenkin.     This  course  commenced  in 
January,  1866,  and  will  be  found  reported  in 
the  "Journal  of  the  Society  of  Arts,"  pub- 
lished between  the  2d  February  and  the  2d 
March,   1866    (inclusive).     In  the   experi- 
ments which  determined  what  is  called  "  the 
British  Association  unit  of  resistance,"  elec- 
tric currents  acted  upon  a  very  small  needle 
carefully  suspended,  so  that  they  were  en- 
abled to  estimate  the  resistance  of  the  wire 
in  an  absolute  measure  of  space  and  time. 
'  That  led"  to  the  adoption  of  what  is  called 
£he  "ohm,"  or  "British  Association's  unit 
gf  electrical  resistance."  In  this  little  glass 
cylinder  there  is  a  coiled  length  of  German 
silver  wire,  German  silver  being  used  be- 
cause it  possesses  great  resistance   to   elec- 
trical currents,  and  that  resistance  does  not 
change  much  with  change  of  temperature. 
This  coil  constitutes  what  is  called  half  a 
British  Association  unit,  which  becomes  the 
measure   of  electrical    work,    just   as    the 
standard  pound  becomes  the  measure  for 
weight,  or  the  foot  is  the  standard  measure 
for  length.  Being  possessed  of  this  measure, 
we  have  all  that  is  needful  for  the  measure- 
ment of  resistance,  and  therefore  for  meas- 
uring electrical  work  connected  with  tele- 
graphy.    To    show   the    way   in   which   a 
knowledge   of  this   measurement   can    be 


utilized,  rather  than  to  enter  upon  those 
investigations  by  which  it  was  obtained, 
seemed  likely  to  win  so  much  more  atten- 
tion and  interest,  that  these  arrangements 
before  you  are  for  this  purpose.  The  in- 
tention is  to  show  how  electricians  deter- 
mine the  distance  at  which  a  deep  sea 
cable  is  broken,  so  that  they  can  tell  how 
far  the  fracture  is  from  the  shore.  Let  it  be 
understood  that  it  is  the  illustration  of  a 
principle,  and  not  the  nature  and  modes  of 
dealing  with  different  kinds  of  "faults," 
that  are  to  be  our  concern.  There  is  a 
wire,  which  may  represent  a  cable,  round 
the  room.  In  this  box  there  is  placed  a 
number  of  "  ohms  "  arranged  in  three  sets 
of  nine  each,  so  that  by  moving  these  pegs 
a  current  of  electricity  can  be  caused  to 
pass  through  either  one  or  more  of  them. 
Assuming  each  "  ohm  "  in  the  first  set  to 
represent  one  resistance,  each  in  the  second 
set  ten,  and  each  in  the  third  set  one  hun- 
dred, the  consequence  is  that  if  a  current  of 
electricity  passess  through  all,  it  would 
meet  with  a  resistance  of  999.  If  it  passed 
through  one  of  the  first  set,  it  would  only 
be  one  resistance  ;  so  that  with  the  moving 
of  these  brass  pegs  there  is  the  power  of 
bringing  in  any  number  of  ohms  required. 
This  flat  board,  about  3  ft.  6  in.  long,  with 
a  German  silver  wire  and  broad  bands  of 
copper  divided  at  intervals,  but  capable  of 
being  put  into  electrical  connection  by  the 
insertion  of  pieces  of  metal,  constitutes  what 
may  be  called  the  beam  of  electrical  scales. 
Resistance,  however,  is  to  be  measured  in- 
stead of  weight.  Along  a  wire  at  the  back 
electricity  can  pass,  and  when  connected 
with  the  galvanometer  the  speck  of  that  in- 
strument serves  the  same  purpose  as  the 
pointer  of  a  pair  of  scales.  If  the  galvanom- 
eter speck  points  to  nothing,  we  assume 
that  there  is  equilibrium  between  the  re- 
sistances at  each  end  of  the  scale  beam.  If 
I  put  999  "ohms"  in  what  we  may  call 
one  scale,  and  other  resistances  into  the 
other  scale,  or  that  which  we  may  consider 
as  such,  then  if  the  current  of  electricity 
arranged  as  provided  can  pass  one  of  these 
groups  of  resistances  more  freely  than  the 
other,  the  speck  of  light  will  be  moved. 
This  is  the  same  as  though  one  end  of  a 
scale  beam  were  "  kicked  up."  Therefore 
resistances,  which  in  this  case  act  the  part 
of  weights  on  ordinary  scales,  must  be 
taken  out  or  added  as  may  be  required. 
This  wire  running  partially  round  the 
room  represents  a  cable.     The  two  ends  of 
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this  cable  are  in  my  hand.  Let  us  assume 
that  we  want  to  measure  the  resistance  the 
cable  opposes  to  the  energy  of  electricity, 
and  to  ascertain  the  value  of  its  opposing 
power. 

Here  is  what  is  usually  called'  a  bat- 
tery, consisting  simply  of  a  little  salt  and 
water,  in  a  very  small  tumbler  glass.  The 
wires  from  this  battery  are  so  arranged 
that  the  current  may  divide  itself  between 
the  cable  that  is  round  the  room  and  this 
box  of  "  ohms."  In  the  experiment  before 
you  the  pegs  in  the  box  of  ohms  read  505 ; 
the  speck  of  light  is  steady ;  therefore  we 
know  that  the  entire  length  of  cable,  of 
which  the  two  ends  are  here,  also  offers  a 
resistance  of  505.  Before  this  cable  was 
laid,  a  comparison  with  these  ohms  had 
been  instituted,  and  it  was  found  (say)  that 
one  mile  of  the  cable  offered  a  resistance  to 
the  passage  of  electricity  equal  to  one  ohm, 
therefore  there  are  505  miles  of  cable,  be- 
cause there  are  505  ohms.  Now  let  us 
break  the  cable  by  cutting  the  wire.  There  ! 
one  end  has  fallen  to  the  bottom  of  this 
large  pan  of  salt  and  water.  This  pan 
must,  for  the  present,  be  looked  upon  as  an 
Atlantic  Ocean,  one  end  of  the  cables  is  at 
the  bottom  of  it,  and  we  wish  to  know  how 
far  from  the  end  in  my  hand  the  separation 
has  taken  place.  To  compensate  for  the 
portion  of  the  cable  hitherto  used,  but  now 
detached,  the  earth  is  available :  this  sheet 
of  copper,  in  and  on  the  shore  of  our  At- 


lantic Ocean,  is  buried.  Soldered  to  the 
copper  is  a  wire,  of  which  the  end  is  in  my 
hand.  There  are  therefore  in  my  hands 
the  ends  of  two  wires  ;  one,  that  of  the 
broken  cable — the  other,  that  connected 
with  the  buried  sheet  of  copper.  Let  us 
deal  with  them  as  we  did  with  the  com- 
plete cable.  [After  various  trials  the  pegs 
in  the  box  of  ohms  were  so  arranged  that 
the  speck  of  the  galvanometer  was  steady.] 
The  speck  is  now  steady,  and  the  pegs  read 
350.  This  means  that  there  are  350  miles 
of  cable,  or  its  equivalent.  Now,  the  cable 
and  the  earth  are  the  only  elements  on  the 
one  side  ;  and  since  the  earth  is  as  a  large 
reservoir  of  electricity  it  offers  no  appreci- 
able resistance  ;  hence  the  only  resistance 
is  that  of  the  broken  cable.  The  length  of 
this  is  pointed  out  as  350  miles  ;  this,  there- 
fore, is  the  distance  of  the  fracture  from  the 
shore.  How  novel  and  delicate  are  the  in- 
struments employed,  how  accurate  are  the 
measurements  obtained,  and  how  marvel- 
lous are  the  uses  to  which  electricity  has 
been  applied  ;  yet  these  are  not  consequen- 
ces of  a  blind  rule-of-thumb  following  of 
that  which  has  been  long  known.  Patient 
research,  persevering  labor,  and  much 
thought  have  not  only  "  put  a  girdle  round 
the  earth,"  but  they  promise  fair  to  enter 
upon  and  possess  electrical  territories  of  vast 
extent  and  luxuriant  social  fertility.  When 
will  the  people  of  England  recognize  this  ? 
Echo  answers,  "  When !  " 
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From  "The  Engineer." 


"When  Bacon  wrote  that  "  final  causes  are  j 
barren  "  when  employed  as  a  means  for  the  ; 
interpretation  of  natural  laws,  he  expressed  j 
a  profound  truth.  The  interpretation  of 
nature's  laws  deduced  from  what  we  imag- 
ine ought  to  be  the  end  or  reason  for  ob- 
served phenomena,  may  be  altogether  erro- 
neous, and  must  be  always  intermixed  with 
error,  because  we  know  so  little  even  of  our 
own  world,  much  less  of  the  universe, 
viewed  as  a  complete  mechanism,  that  we 
never  can  discern  the  whole  reason  or  cos- 
mical  end  of  anything ;  and  may  even 
wholly  misinterpret  that  end.  Neverthe- 
less, there  is  one  use  of  the  appeal  to  final 
causes  to  which  Bacon  himself  has  given 
the  sanction  of  his  authority.  We  may 
employ  them  as   a  means  of  checking  or 


controlling  the  correctness  or  the  contrary 
of  the  conclusions  at  which,  by  other  than 
a  priori  methods,  we  have  arrived  for  deal- 
ing with  any  complex  system  of  forces  such 
as  we  find  active  in  nature,  by  means  of 
such  works  as  those  devised  by  the  engi- 
neer. The  harbor  engineer,  for  example,  if 
he  possess  wisdom  proportionate  to  his 
aims,  and  desires  to  construct  harbors  that 
shall  not  silt  up,  or  sea  defences  that  shall 
not  be  washed  away,  is  compelled  continu- 
ally to  employ  this  line  of  thought  for  the 
final  revisal  of  his  designs  ;  he  asks  himself 
what  are  the  functions  and  uses  of  the 
winds  and  tides ;  what  their  play  on  the 
world's  machine;  what  are  the  ends  and 
uses  of  cliffs,  beaches,  and  strands  ;  what 
are  their  ends  and  how  do  they  fulfil  these? 
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For  experience  teaches  that  whatever  these 
ends  may  be — those  they  must  and  will 
fulfil ;  and  so  it  is  only  by  helping  as  it 
were  in  the  fulfilment,  not  trying  in  vain  to 
prevent  it,  that  man  can  in  anywise  control 
or  make  use  of  these  or  any  of  the  natural 
forces,  forever  in  play  and  in  mutual  inter- 
dependence around  him. 

Let  us  apply  this  line  of  thought  to  a 
branch  of  engineering  which  has  for  some 
time  attracted  much  attention,  and  nowhere 
so  much  as  in  our  own  small  and  densely- 
peopled  island,  where  the  health  of  masses 
of  an  ever-increasing  population  and  their 
water  supply  press  more  and  more  upon 
our  solicitude.  What  is  the  use  of  rivers, 
for  what  ends  do  they  stand  part  of  the 
great  superficial  machinery  of  our  globe  ? 

Brindley's  well-known  paradox — not  far 
removed  from  nonsense,  though  so  often 
repeated  as  an  instance  of  the  mental  vigor 
of  an  untutored  genius — will  occur  to  most 
of  our  readers,  but  we  may  pass  it  by ;  the 
railway  has  long  exploded  the  fallacy  that 
the  natural  use  of  rivers  was  to  feed  naviga- 
ble canals.  Their  chief  uses  or  ends  in  re- 
lation to  man  and  all  subordinate  creatures 
are,  first,  they  are  the  main  channels  of  dis- 
charge for  rainfall ;  and,  secondly,  they  are 
the  natural  sewers  of  all  habitable  land, 
receiving  inevitably  all  fecal  or  solid  and 
other  matters  carried  by  the  rainfall  into 
them,  or  all  but  that  portion,  probably  not 
very  large,  which  is  directly  soaked  into 
and  defecated  in  air  or  by  the  soil  itself; 
thirdly,  affording  convenient  and  salutary 
sites  upon  their  banks  for  cities  and  towns 
as  presenting  at  once  water  in  abundance 
and  immediate  discharge  for  the  sewage, 
both  being  coupled  with  easy  communica- 
tion by  water  with  the  heart  of  the  dry 
land  and  with  the  ocean ;  fourthly,  afford- 
ing a  supply  of  food  from  fish,  etc.,  which 
are,  as  regards  one  of  their  final  causes,  to 
be  viewed  as  part  of  the  machinery  of  puri- 
fication of  the  waters  in  which  they  live. 
We  pass  by  here  the  meteorological,  politi- 
cal, and  ethnographical  ends  or  functions  of 
rivers,  though  upon  these,  highly  interest- 
ing as  they  are,  volumes  might  be  written. 
The  causes  that  have  fixed  the  sites  of  most 
great  cities,  especially  the  more  ancient  ones, 
elude  any  attempt  to  arrive  at  explanation. 
They  have  been  too  complex  and  various  in 
sort,  often  too  hap-hazard  for  disentangle- 
ment. Who  can  say  why  London  is  where 
it  is  and  what  it  is  ?  That  the  estuary  of 
the   Thames,    the    waters   of    which    lend 


themselves  to  traffic  by  running  in  opposite 
directions  twice  in  twenty-four  hours,  has 
had  something  to  do  with  it  is  obvious. 
But  the  site  once  fixed  by  antecedent  causes, 
and  the  tendency  to  accretion  towards  a 
great  city  once  begun,  we  can  see  how 
much  its  destiny  depends  upon  the  rela- 
tions between  river  and  city.  Whatever 
may  have  induced  Pythaeas  and  Euthy- 
menes,  the  Greek  founders  of  Marseilles, 
to  have  fixed  its  site  where  there  was  noth- 
ing but  an  insignificant  brook,  while  the 
Rhone  rolled  its  waters  into  the  sea  to  the 
westward  of  it,  we  know  that  it  has  as  a 
result  been  always  an  unhealthy  city, 
though  its  growth  has  been  great,  and  that 
at  last  an  artificial  river  has  had  to  be 
brought  into  its  streets  and  turned  into  its 
foul  and  tideless  harbor.  On  the  other 
hand,  Cologne — far  older  than  the  times  of 
the  Eoman  Empress,Agrippina,  its  reputed 
foundress — though  foetid  enough  in  its  nar- 
row- streeted  interior  to  have  provoked  Cole- 
ridge's gibe  by  its  "  well-defined  and  sev- 
eral stinks,"  is  washed  by  the  river  Rhine, 
into  which  goes  all  its  sewage  and  garbage ; 
yet,  such  is  the  volume  of  the  majestic 
stream  that  after  it  has  passed  this  great- 
est of  Rhine  cities,  and  many  other  large 
places  on  its  banks  below  that,  yet  at  Dus- 
seldorf,  far  below,  and  even  lower  down 
still,  the  river  water  is  scarcely  sensibly 
less  pure  than  it  is  above  Coblentz  or  Bin- 
ge11- 

It  is  obvious,  then,  that  there  is  a  certain 

balance  between  the  size  of  cities  and  that 
of  the  rivers  upon  which  they  sit,  which 
while  preserved,  nature  herself  relieves  us 
of  all  the  care  as  to  the  result,  and  the  en- 
gineer will  best  let  nature  there  alone ;  but 
if  this  balance  be  seriously  disturbed  by 
man,  it  may  be  inevitable  that  the  engineer 
shall  step  in  to  restore  the  equilibrium  so 
far  as  he  can  ;  and  if  the  causes  of  disturb- 
ance be  continued,  and  become  sufficiently 
expanded,  he  will  in  the  end  prove  power- 
less, and  nature  herself  again  steps  in,  and, 
slowly  or  not,  restores  the  balance  by  dis- 
ease or  pestilence  to  check  the  undue  city 
growth.  Were  London  situated  upon  the 
St.  Lawrence,  or  upon  some  other  rapid 
river  with  a  hundred  times  the  volume  of 
the  Thames,  we  need  not  have  troubled 
ourselves  about  main  drainage,  and  com- 
missions on  river  pollution  would  never 
have  been  heard  of,  though  the  river  would 
contain  the  contents  of  the  sewers,  and 
above  the  town  the  water  supply  for  4,000,- 
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000  of  people.  But  in  London  and  the 
district  round  are  the  4,000,000,  and  the 
Thames  is  but  an  insignificant  stream  in 
comparison ;  and  cities  and  towns,  villages 
and  homesteads,  stand  thick  upon  its  banks 
above  London  everywhere  after  the  Thames 
has  become  a  river.  At  length  the  engi- 
neer stepped  in.  What  did  he  do  ?  Some 
good  and  much  harm.  Sir  Hugh  Middle- 
ton,  so  far  as  he  could,  acted  on  right  prin- 
ciples in  bringing  in  a  water  supply  from 
an  extraneous  source.  Then  came  the 
epoch  of  water  companies,  each  taking  in 
its  supply  a  little  higher  above  the  city. 
At  last  population  along  the  river  growing 
too  much  for  them,  a  higher  intake  is 
deemed  to  be  practically  useless.  Then 
comes  nitration,  etc.,  and  finally  commis- 
sions on  river  pollution.  Then  quackery  of 
chemists  and  sanitarians,  and  sewage  ma- 
nure doctors.  And  at  last  it  is  seriously 
proposed  to  fly  in  nature's  face,  and  declare 
by  Act  of  Parliament  that  rivers  are  not, 
and  therefore  shall  not  be,  the  natural  main 
sewers,  with  self-purifying  apparatus  of  na- 
ture's own  devising,  but  that  chemical  offi- 
cials shall  be  set  all  over  the  land  to  watch 
and  analyze  the  waters  of  every  ditch,  and 
pond,  and  drain,  and,  like  Sancho  Panza's 
physician,  put  their  veto  on  any  water  get- 
ting into  any  river  which  may  contain  one 
part  in  a  million  of  divers  ingredients  arbi- 
trarily characterized  by  these  chemists  as 
detrimental  to  health. 

An  able  exposure  of  the  chemical  quack- 
ery for  the  alleged  prevention  of  the  pollu- 
tion of  rivers — which  was  intended  to  have 
been  introduced  in  the  Public  Health  Bill 
of  last  session,  but  which  was  afterwards 
all  struck  out,  and  admitted  by  Mr.  Stans- 
feld  to  be  impracticable,  who  thus  excused 
the  Government  at  the  expense  of  the  re- 
sults of  its  own  River  Commission — may  be 
found  in  the  "  Chemical  News "  of  July 
25th,  last  (1873).  Nevertheless,  these  same 
contradictory,  absurd,  and  impracticable 
clauses  were  this  session  once  more  at- 
tempted to  be  made  law  by  the  Marquis  of 
Salisbury,  in  the  River  Pollution  Bill.  It 
is  full  time  that  public  attention  be  directed 
to  these  intended  enactments,  which  will  no 
doubt  be  revived  either  by  the  present  or 
by  a  conservative  Government,  next  session. 
If  made  law,  the  effect  will  be  to  place  the 
whole  country,  and  every  home  and  manu- 
factory on  it,  at  the  mercy  of  a  swarm  of 
paid  chemical  officials  and  officers  of  health, 
and  to  produce  endless  trouble  and  disputa- 


tion before  their  utter  absurdity  shall  have 
caused  universal  resistance  and  their  re- 
peal. The  fact  has  forced  itself  into  evi- 
dence that  our  rivers  are  too  small,  our  cli- 
mate too  dry,  and  our  population  too  dense 
along  their  banks  for  the  rivers  longer  to 
remain  in  their  natural  condition  and  regi- 
men as  main  sewers,  and  also  for  water 
supply.  Main  sewers  they  must  forever 
continue  to  be — it  is  the  law  of  nature  that 
they  must  be  so — and  unless  we  can  sus- 
pend such  law,  like  "  the  standing  orders," 
we  shall  have  to  let  them  remain  the  main 
sewers  of  our  own  as  of  every  other  land. 
We  do  not  believe  that  there  is  one  disin- 
terested and  competent  engineer  to  be  found 
who  really  believes  that  the  sewerage  of 
Maidenhead,  Eton,  Windsor,  and  Oxford, 
and  possibly  other  towns  on  the  Thames, 
can  be  disposed  of  by  any  artificial  means 
consistent  with  the  health  and  comfort  of 
their  inhabitants,  and  that  the  watery  resi- 
due, poured  sooner  or  later  inevitably  into 
the  Thames,  shall  leave  it  pure  and  whole- 
some for  animal  consumption.  Nature,  in 
the  soil,  or  vegetation,  and  the  river  itself, 
has  marvellous  power  of  defecation ;  all 
that  man's  work  can  do  to  supplement 
these  is  but  a  drop  in  the  ocean. 

But  the  mass  of  exuviae  poured  cease- 
lessly into  the  Thames  has  already  exceed- 
ed her  power.  The  balancing  point  has 
been  passed,  though  as  yet  not  very  heav- 
ily. Our  London  water  is  not  very  bad, 
though  not  as  good  even  now,  after  filtra- 
tion and  subsidence,  etc.,  as  could  be  wished. 
But  population  grows  and  agglomerates 
without  pause  all  along  the  Thames,  and 
so  it  must  become  relatively  and  absolutely 
worse,  and  the  grand  apostle  of  "  previous 
sewage  contamination  "  cannot  on  his  own 
premises — doubted  or  even  laughed  at  as 
these  are  by  the  majority  of  chemists  not 
interested  in  the  pecuniary  phases  of  the 
subject — but  admit  that  to  the  end  of  the 
world  this  previous  sewage  contamination 
must  find  its  way,  unseen  and  unseeable, 
into  the  Thames. 

Well,  then,  what  in  truth  is  the  lesson 
that  nature  herself  should  teach  us  ?  It  is 
this — the  very  opposite  of  the  course  we 
have  adopted  hitherto,  and  to  that  which  it 
is  proposed  hereafter  to  enforce  by  Act  of 
Parliament,  whether  accordant  with  na- 
ture's laws  or  not.  We  take  our  drinking 
water  from  the  lower  reaches  of  the  river, 
after  it  has  been  polluted  by  sewage,  navi- 
gation, and  so  forth.     We  take  all  sorts  of 
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trouble  then  to  unpollute  the  water,  and  to 
get  it  clear,  at  least,  before  it  reaches  our 
metropolis.  At  the  same  time  we  endeavor 
to  prevent  all  the  towns  or  cities  above  us 
from  using  their  natural  privilege  of  the 
river  as  their  main  sewer,  though  we  treat 
it  as  such  for  ourselves.  Nature  herself 
tells  us  what  we  should  have  done,  or 
should  do  even  yet.  Let  the  main  river  be 
the  main  sewer,  as  it  cannot  but  be,  and 
take  our  water  supply,  not  from  its  polluted 
lower  reaches,  but  from  its  uppermost  rig- 
ales  and  collecting  rivulets  or  gathering 
grounds.  Make  reservoirs  upon  these  above 
the  thick  set  centres  of  population,  and  so 
before  it  is  polluted.  Make  these  suffi- 
ciently numerous  and  of  sufficient  capacity, 
and  bring  down  in  aqueducts  of  pipes  the 
pure  supply,  not  only  for  London  but  for 
every  other  town  above  it.  We  believe 
that  an  ample  supply  may  thus  be  secured 
from  gathering  grounds  of  suitable  charac- 
ter, supplemented  by  the  great  chalk  springs, 
for  all  our  wants ;  but  if  not,  then  it  will 
be  time  to  ask  the  council  of  the  nation  to 
sanction  our  taking  our  water  from  some 
other  river  basin-  -the  Severn,  for  example, 
or  the  Welsh  or  Cumberland  lakes. 

Sir  William  Fergusson  was  no  doubt  right 
in  the  main,  when,  lately,  in  his  address  as 
President  of  the  Medical  Congress  in  Lon- 
don, he  quietly  suggested  that  the  ma- 
chinery of  agitation  as  to  purity  of  water  is 
one  of  the  grand  quackeries  of  the  day ; 
but  we  are  convinced  he  would  neither 
sanction  dye  stuffs  nor  chemical  refuse  be- 


ing directly  poured  into  rivers  and  streams ; 
nor  deny  that  water  taken  before  nature  has 
had  time  to  complete  her  work  of  defecation 
is  nauseous  and,  may  be,  poisonous.  But  he 
also  probably  sees  that  nothing  that  either 
chemist  or  engineer  can  do  will  enable  a 
river,  small  in  relation  to  its  riparian  dwell- 
ers, to  remain  a  main  sewer — as  it  must — 
and  to  be  made  a  reservoir  of  pura  and 
wholesome  water  for  drinking  at  the  same 
time.  With  a  huge  volume  of  water  in  the 
river,  relatively  to  population,  or  with  the 
latter  thin  and  sparse,  nature  gives  us  both 
sewer  and  source  in  the  one  bed  ;  and  she 
is  able,  so  to  say,  to  nullify  all  injurious  re- 
sults of  its  existence  as  a  sewer.  But  with 
small  volumes  and  great  population,  we 
should  follow  the  sound  principles  of  most 
of  the  largest  cities  of  the  ancient  world. 
Rome  could  not  drink  her  muddy  Tiber — 
she  could  even  scarcely  adapt  to  its  period- 
ically flooded  stream  any  system  of  under- 
ground drainage.  She  was  compelled  thus 
into  the  right  track  for  her  hydraulic  engi- 
neering. She  brought  her  water  from  the 
upper  streamlets  of  the  Sabine  hills  and 
mountains  around  her,  and  carried  it  unpol- 
luted and  in  copious  volumes  into  the  heart 
of  her  city.  We  had  better  follow  in  her 
steps,  and  upon  a  far  broader  scale,  as  in- 
deed, Manchester,  Sheffield,  and  many  of 
our  other  great  manufacturing  towns  have 
already  done,  and  drop  the  Sisiphaoan  pro- 
ject of  keeping  all  pollution — or  what  the 
chemists  may  please  to  deem  such — out  of 
our  rivers. 


STBUCTUEAL  AND  ENGINEERING  USES  OF  STEEL* 


From  "Nature." 


In  the  observations  which  I  have  to  ad- 
dress to  you  I  shall  not  attempt  a  general 
survey  of  a  subject  so  vast  and  so  varied  as 
the  manufactures  of  this  country,  nor  shall 
I  attempt  to  describe  the  many  new  and 
beautiful  inventions  and  mechanical  appli- 
ances which  form  a  distinguishing  feature 
of  the  age  in  which  we  live  ;  but  I  shall 
endeavor  to  draw  your  attention  to  one  of 
the  new  materials,  namely  modern  steel — a 
material  which,  though  of  comparatively 
recent  origin,  has  already  become  an  im- 
portant industry,   and   whose   influence  in 


*From  the  address  of  W.»H.  Barlow,  F.  R.  S  ,  President  of 
the  Mechanical  Section  of  the  British  Association  for  the  Ad- 
Tancement  of  Science. 


the  future  seems  destined  to  vie  in  impor- 
tance with  that  resulting  from  the  intro- 
duction of  iron. 

I  have  used  the  term  "modern  steel," 
because,  although  the  great  movement  in 
simplifying  and  cheapening  the  process  of 
producing  steel  is  necessarily  associated 
with  the  name  of  Mr.  Bessemer,  yet  we 
have  further  important  steps  taken  in  a 
forward  direction  as  to  the  production  and 
treatment  of  steel  by  Dr.  Siemens  and  Sir 
Joseph  Whitworth  and  others,  both  in  this 
country  and  abroad. 

It  is  now  seventeen  years  since  Mr. 
Bessemer  read  a  paper  at  the  meeting  of 
the   British    Association    at    Cheltenham, 
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which  was  entitled,  "  On  the  Manufacture 
of  Iron  and  Steel  without  Fuel." 

It  is  satisfactory  to  know  that  Mr.  Besse- 
mer has  often  expressed  his  firm  conviction 
that  had  it  not  been  for  the  publicity  given 
to  his  invention  through  the  paper  which 
he  read  before  the  Mechanical  Section  of 
the  British  Association  in  1856,  aud  the 
great  moral  support  afforded  him  by  men 
of  science  whose  attention  was  thereby  di- 
rected to  it,  he  believes  that  he  would  not 
have  succeeded  in  overcoming  the  strong 
opposition  with  which  his  invention  was 
met  in  other  quarters. 

About  this  time  or  perhaps  a  little  later, 
a  material  was  produced  called  "puddled 
steel,"  and  about  the  same  time  the  metal 
known  as  "  homogeneous  iron." 

The  movement  which  had  begun  in  the 
production  of  cheap  steel  was  further  as- 
sisted and  developed  by  the  regenerative 
furnace  of  Dr.  Siemens,  by  the  introduction 
of  the  Siemens-Martin  process  of  making 
steel,  and  further  and  most  important  pro- 
gress is  suggested  by  the  recent  process 
introduced  by  Dr.  Siemens  in  making  steel 
direct  from  the  ore. 

According  to  the  returns  published  by 
the  Jury  of  the  International  Exhibition  of 
1852,  the  total  annual  produce  of  steel  in 
Great  Britain  at  that  time  was  50,000  tons. 
At  the  present  time  there  are  more  than 
500,000  tons  made  by  the  Bessemer  process 
alone,  added  to  which  Messrs.  Siemens' 
works  at  Landore  produce  200,000  tons, 
besides  further  quantities  which  are  made 
by  his  process  at  Messrs.  Yickers',  Messrs. 
Cammells',  the  Dowlais,  and  other  works. 

I  shall  not,  however,  detain  you  by  at- 
tempting to  trace  up  the  history  and  pro- 
gress of  steel,  nor  attempt  to  notice  the 
various  steps  by  which  this  branch  of 
industry  has  been  brought  to  its  present 
important  position.  My  object  is  to  draw 
attention  to  this  mateiial  as  to  its  use  and 
application  for  structural  and  engineering 
purposes. 

The  steel  produced  by  the  Bessemer  pro- 
cess was  at  a  very  early  stage  employed  in 
rails  and  wheel-tires.  In  both  these  ap- 
plications the  object  sought  was  endurance 
to  resist  the  effects  of  wear,  and  toughness 
to  prevent  fracture  by  blows.  There  does 
not  exist  at  present  sufficient  information  to 
determine  accurately  the  relative  values  of 
steel  and  iron  when  used  for  these  purposes. 
As  used  for  wheel-tires,  steel  had  to  com- 
pete with  iron  of  the  highest  quality,  but  it 


is  nevertheless  introduced  on  most  of  our 
railways.  The  iron  used  in  rails  was  not 
of  such  a  high  quality,  and  the  difference 
in  duration  shows  a  very  marked  advan- 
tage in  the  employment  of  steel,  the  dura- 
tion of  steel  rails  being  variously  estimated 
at  from  three  to  six  times  that  of  iron. 

Steel  is  also  extensively  used  for  ships' 
plates,  and  by  the  War  Department  for 
lining  the  interior  of  the  heaviest  guns ; 
while  Sir  Joseph  Whitworth  and  Messrs. 
Krupp  make  guns  entirely  of  steel,  though 
for  these  purposes  the  metal  is  of  different 
quality  and  differently  treated,  in  order  to 
withstand  the  enormous  concussions  to 
which  it  is  subjected. 

And,  further,  we  have  steel  used  in  rail- 
way-axles, crank- axles  for  engines,  in  boil- 
ers, in  piston  rods,  in  carriage- springs,  and 
for  many  other  purposes. 

But  notwithstanding  these  various  em- 
ployments of  steel,  there  has  been,  and 
there  continues  to  be,  a  difficulty  in  apply- 
ing it  to  engineering  structures  in  this 
country. 

The  want  of  knowledge  of  the  physical 
properties  of  steel  having  been  the  subject 
of  remark  at  a  discussion  at  the  Institution 
of  Civil  Engineers  in  1868,  a  committee, 
composed  of  Mr.  Eowler,  Mr.  Scott  Kussell,. 
Captain  Galton,  Mr.  Berkley,  and  myself,, 
undertook  to  conduct  a  series  of  experi- 
ments upon  this  subject. 

The  first  were  made  for  the  Committee 
by  Mr.  Kirkaldy  with  his  testing  machine 
in  London,  and  were  chiefly  directed  to 
ascertain  the  relation  which  subsists  be- 
tween the  resistance  of  tension,  compression, 
torsion,  and  transverse  strain. 

In  this  series  of  experiments  29  bars,  15 
ft.  long,  were  used,  each  bar  being  cut  into 
lengths  and  turned  or  planed  into  suitable 
forms  for  the  respective  tests,  so  that  a  por- 
tion of  each  bar  was  subjected  to  each  of 
the  above-mentioned  tests. 

The  tensile  resistance  varied  in  the  differ- 
ent qualities  of  steel  from  28  to  48  tons  per 
inch,  and  the  experiments  established  con- 
clusively that  the  relation  subsisting  be- 
tween the  several  resistances  of  tension,  com- 
pression, and  transverse  strain,  is  through- 
out practically  the  same  as  in  wrought  iron  ; 
that  is  to  say,  that  a  bar  of  steel  whose  ten- 
sile strength  is  50  per  cent,  above  that  of 
wrought  iron  will  exhibit  about  the  same 
relative  increase  of  resistance  under  the 
other  tests. 

They  further   showed  that  the  limit  of 
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elasticity  in  steel  is,  like  that  of  wrought 
iron,  rather  more  than  half  its  ultimate  re- 
sistance. The  total  elongation  under  ten- 
sile strain,  and  the  evidences  of  mallea- 
bility and  toughness,  will  be  referred  to 
hereafter. 

The  second  series  recorded  in  the  book 
published  by  the  Committee  gave  the  re- 
sults of  tempering  steel  in  oil  and  water. 
They  were  made  by  the  officers  of  the  gun 
factory  at  the  Royal  Arsenal  at  Woolwich, 
and  show  a  remarkable  increase  of  strength 
obtained  by  this  process.  This  property  of 
steel  is  now  fully  recognized  and  made  use 
of  in  the  steel  which  forms  the  lining  of  the 
largest  guns. 

The  third  series  of  experiments  was  made 
by  the  Committee  upon  bars  14  ft.  long,  \\ 
in.  in  diameter,  with  the  skin  upon  the 
metal  as  it  came  from  the  rolls. 

The  object  of  these  experiments  was  spe- 
cially directed  to  ascertain  the  modulus  of 
elasticity.  They  were  made  with  the  test- 
ing machine  at  H.  M.  Dockyard  at  Wool- 
wich, which  machine  was  placed  at  our  dis- 
posal by  the  Admiralty.  The  bars  were 
obtained,  with  some  exceptions,  in  sets  of 
six  from  each  maker,  three  bars  of  each 
set  being  used  in  tension  and  three  in  com- 
pression. 

Bars  of  iron  of  like  dimensions  were  also 
tested  in  the  same  way,  in  order  to  obtain 
the  relative  effects  in  steel  and  iron.  In 
these  experiments  67  steel  bars  were  tested 
whose  tensile  strength  varied  from  32  to  53 
tons  per  inch,  and  24  iron  bars  varying 
from  22  to  29  tons  per  inch. 

The  amount  of  the  extensions  and  com- 
pressions were  ascertained  by  direct  meas- 
urement, verniers  being  for  this  purpose 
attached  to  the  bar  itself,  10  ft.  apart,  so 
that  the  readings  gave  the  absolute  exten- 
sions and  compressions  of  this  length  of  the 
bar. 

These  experiments,  which  were  veiy  ac- 
curately made,  showed  that  the  extension 
and  compression  of  steel  per  ton  per  inch 
was  a  little  less  than  wrought  iron,  that  the 
extension  and  compression  were  very  nearly 
equal  to  each  other,  and  that  the  modulus 
of  elasticity  of  steel  may  be  taken  at  30,- 
000,000,  which  result  agrees  with  the  con- 
clusions arrived  at  by  American  engineers 
on  this  subject. 

This  property  of  the  metal  is  important  in 
two  respects.  First,  because  inasmuch  as 
the  extension  per  ton  per  inch  is  practically 
equal  to  the  compression,  it  follows  that  the 


neutral  axis  of  a  structure  of  steel,  strained 
transversely,  will  be  in  the  centre  of  gravity 
of  its  section,  and  that  the  proper  propor- 
tion to  give  to  the  upper  and  lower  flanges 
of  a  girder,  when  made  of  the  same  quality 
of  steel  throughout,  will  be  the  same  as  in 
wrought  iron.  Secondly,  because  the  mo- 
dulus of  elasticity  of  steel  is  practically 
equal  to  that  of  wrought  iron,  aad  the  limit 
of  elasticity  is  greater,  it  follows  that  in  a 
girder  of  the  same  proportions  as  wrought 
iron,  and  strained  with  an  equal  proportion 
of  its  ultimate  tensile  strength,  the  deflec- 
tion will  be  greater  in  the  steel  than  in  the 
iron  girder,  in  the  rate  of  the  strength  of 
the  metals;  so  that  if  it  is  necessary  to 
make  a  steel  girder  for  a  given  span  deflect 
under  its  load  the  same  amount  as  an  iron 
girder  of  the  same  span,  the  steel  girder 
must  be  made  of  greater  depth. 

The  fourth  series  of  experiments  were 
made  by  the  Committee  on  riveted  steel, 
and  show  clearly  that  the  same  rules 
which  apply  to  the  riveting  of  iron  apply 
equally  to  steel;  that  is  to  say,  that  the 
total  shearing  area  of  the  rivets  must  be 
the  same,  or  rather  must  not  be  less,  than 
the  sectional  area  of  the  bar  riveted. 

We  know  from  established  mechanical 
laws  that  the  limiting  spans  of  structures 
vary  directly  as  the  strength  of  the  material 
employed  in  their  construction  when  the 
proportion  of  depth  to  span  and  all  other 
circumstances  remain  the  same.  We  know 
also  that,  taking  an  ordinary  form  of  open 
wrought -iron  detached  girder  (as,  for  ex- 
ample, when  the  depth  is  one-fourteenth  of 
the  span),  the  limiting  span  in  iron,  with  a 
strain  of  5  tons  to  the  inch  upon  the  metal, 
is  about  600  ft. ;  and  it  follows  that  a  steel 
girder  of  like  proportions,  capable  of  bear- 
ing 8  tons  to  the  inch,  would  have  theo- 
retically a  limiting  span  of  960  ft. 

This  theoretical  limiting  span  of  960  ft. 
would,  however,  be  reduced  by  some  prac- 
tical considerations  connected  with  the 
minimum  thickness  of  metal  employed  in 
certain  parts,  and  it  would,  in  effect,  become 
about  900  ft.  for  a  girder  of  the  before 
mentioned  construction  and  proportions. 

The  knowledge  of  the  limiting  span  of  a 
structure,  as  has  been  explained  elsewhere, 
enables  us  to  estimate  very  quickly,  and 
with  close  approximation  to  the  truth,  the 
weight  of  girders  required  to  carry  given 
loads  over  given  spans  ;  and  although  the 
limiting  spans  vary  with  every  form  of 
structure,    we   can   obtain  an  idea   of  the 
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effect  of  introducing  steel  by  the  relative 
weights  of  steel  and  iron  required  in  girders 
of  the  kind  above  mentioned. 

Assuming  a  load  in  addition  to  the  weight 
of  the  girder  of  one  ton  to  the  foot,  the 
relative  weights  under  these  conditions 
would  be  as  follows  : — 

Weight  of  steel         Weight  of  iron 
Span.  girder.  girder, 

tons.  tons. 

200  57  100 

300   150 300 

400  .'  320  800 

It  is  not  alone  in  the  relative  weight  or 
in  the  relative  cost  that  the  advantage  of 
the  stronger  material  is  important,  but  with 
steel  we  shall  be  enabled  to  cross  openings 
which  are  absolutely  impracticable  in 
iron. 

It  will  naturally  be  asked  why  it  is  that 
steel  is  not  used  in  these  structures,  if  such 
manifest  advantages  would  result  from  its 
employment. 

The  reason  is  twofold : — 

1st.  There  is  a  want  of  confidence  as  to 
the  reliability  of  steel  in  regard  to  its 
toughness  and  its  power  to  resist  fracture 
from  sudden  strain. 

2d.  Steel  is  produced  of  various  qualities, 
and  we  do  not  possess  the  means,  without 
elaborate  testing,  of  knowing  whether  the 
article  presented  to  us  is  of  the  required 
quality  for  structural  purposes.  A  third 
reason,  arising  probably  out  of  those  before 
mentioned,  is  found  in  the  fact  that  in  the 
regulations  of  the  Board  of  Trade  relative 
to  railway  structures,  although  rules  are 
given  for  the  employment  of  cast-iron  and 
wrought-iron,  steel  has  not,  up  to  the 
present  time,  been  recognized  or  provided 
for. 

Now,  as  regards  the  question  of  tough- 
ness and  malleability,  and  referring  again 
to  Mr.  Kirkaldy's  experiments,  it  appears 
that  in  the  tests  of  "  Bessemer  steel "  18 
samples  were  tried  under  tensile  strain,  the 
length  of  the  samples  being  in  round 
numbers  50  in.  and  the  diameter  1.382  in. ; 
and  that  when  these  were  subjected  to 
ultimate  strain,  the  elongation  at  the 
moment  of  fracture  was  in  the  most  brittle 
example  2|  in.,  but  generally  varied  from 
4|-  to  9 \  in. 

In  the  experiments  on  transverse  strain, 
in  which  the  bars  were  nearly  2  in.  sq. 
and  only  20  in.  between  the  points  of 
support,  all  the  "  Bessemer  steel "  samples, 
except  two,  bent  6  in.  without  any  crack. 


Again,  in  the  experiments  made  by  the 
Committee  on  bars  14  ft.  long  and  1\  in. 
in  diameter  out  of  20  bars  of  the  milder 
quality  of  steel,  16  extended  more  than  8 
in.,  and  of  these  10  extended  more  than 
12  in. 

The  treatment  by  comparison  is  especially 
important  where  metal  is  required  in  large 
masses  and  of  great  ductility,  because  the 
larger  the  mass  and  the  greater  the  ductility, 
the  larger  and  more  numerous  are  the  air- 
cells,  and  the  effect  of  the  pressure  is  to 
completely  close  these  cells  and  render  the 
metal  perfectly  solid. 

By  this  process  mild  steel  can  be  made 
with  a  strength  of  40  tons  to  the  inch, 
having  a  degree  of  ductility  equal  to  that  of 
the  best  iron. 

The  more  highly  carbonized  qualities 
show  a  decrease  of  ductility  somewhat  in 
the  same  ratio  as  the  strength  increases. 

Without  going  into  the  numerous  achieve- 
ments of  Sir  Joseph  Whitworth,  resulting 
from  the  employment  of  steel,  in  connection 
with  the  extreme  accuracy  of  workmanship 
produced  at  his  works,  or  doing  more  than 
mention  the  flat-ended  steel  shot  and  shell 
which  pass  through  iron  plates  when  fired 
obliquely  or  penetrate  ships'  3ides  below  the 
level  of  the  water,  I  would  call  attention  to 
those  applications  of  steel  which  bear  upon 
its  strength  and  toughness. 

In  the  first  place,  there  are  small  arms 
made  entirely  of  steel,  of  wonderful  range 
and  accuracy,  capable  of  penetrating  34 
half-inch  planks,  which  is  about  three  times 
the  penetrating  power  of  the  Enfield  rifle. 

Secondly,  there  are  the  large  guns,  also 
entirely  of  steel,  throwing  projectiles  from 
250  lbs.  to  310  lbs.  in  weight,  and  burning 
from  40  to  50  lbs.  of  powder  at  a  charge, 
with  which  a  range  of  nearly  6|  miles  is  ob- 
tained. 

In  both  these  cases  the  degree  of  strength 
and  toughness  required  in  the  metal  is 
much  greater  than  is  necessary  for  engi- 
neering structures. 

It  is  unnecessary  to  occupy  more  time  in 
multiplying  examples  of  the  toughness  of 
steel.  It  is  well  known  to  manufacturers, 
and  must  also  be  well  known  to  many  oth- 
ers here  present,  that  steel  of  the  strength 
of  33  or  36  tons  per  inch  can  be  made,  and 
is  made  in  large  quantities  at  moderate 
price,  possessing  all  the  toughness  and  mal- 
leability required  in  engineering  structures. 

I  will  proceed,  therefore,  to  the  second 
part  of  the  subject — namely,  the  want  of 


524 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


means  of  knowing  that  a  given  sample  of 
steel  is  of  the  quality  suited  for  structural 
purposes. 

With  most  other  metals  chemical  analy- 
sis is  in  itself  a  complete  and  sufficient  test 
of  quality,  but  in  steel  it  is  not  so.  The 
toughness  of  steel  may  be  altered  by  sud- 
den cooling;  and  although  the  effect  of 
this  operation,  and  generally  the  effects  of 
tempering,  are  greater  when  the  quantity 
of  carbon  is  considerable,  yet  it  acts  more 
or  less  in  the  mild  qualities  of  steel ;  so  that 
we  cannot  rely  entirely  on  the  aid  of  the 
chemist,  but  must  fall  back  on  mechanical 
tests.  And  in  point  of  fact,  seeing  that  the 
qualities  required  are  mechanical,  it  is  no 
more  than  reasonable  that  the  test  should 
be  mechanical;  for  this  includes  not  only 
the  test  of  material  but  of  workmanship. 

Now  there  are  two  descriptions  of  me- 
chanical testing,  which  may  be  distinguished 
as  destructive  and  non-destructive — the  one 
being  beyond  and  the  other  within  the  elas- 
tic limit  of  the  material.  The  destructive 
test  is  that  usually  applied  to  a  part  of  an 
article  manufactured,  as,  for  example,  a 
piece  cut  off  a  boiler  plate  and  tested  by  ab- 
solute rupture,  or  by  bending  or  otherwise, 
whereby  the  strength  and  quality  of  the 
material  in  the  plate  is  known. 

The  non-destructive  test  is  that  usually 
applied  to  the  finished  work,  as  in  the  test 
of  a  boiler  by  hydraulic  pressure,  or  the 
testing  of  a  gun  by  the  proof-charge.  The 
strain  in  this  case  is  made  greater  than 
that  which  will  arise  in  the  daily  use  of  the 
article,  but  is  not  so  greatly  in  excess  as  to 
be  beyond  the  elastic  limit  of  the  material. 

As  regards  engineering  structures,  this 
second  test  is  easy  of  application  ;  but  it  af- 
fords no  sufficient  criterion  that  the  metal 
possesses  that  degree  of  toughness  neces- 
sary to  resist  the  action  of  sudden  strains. 

It  may  be  said  that  engineers  may  ascer- 
tain for  themselves,  by  inspection  and  test- 
ing at  the  works,  that  they  are  being  sup- 
plied with  the  material  that  they  require ; 
but  assuming  that  the  tests  and  mode  of 
testing  were  in  all  respects  satisfactory  to 
them,  and  that  the  metal  supplied  was  of 
the  right  quality,  we  have  still  to  comply 
with  the  conditions  of  the  Act  for  the  Reg- 
ulation .of  Railways,  and  we  must  satisfy 
the  Government  Inspector. 

It  is  not  to  be  supposed  that  he  can  at- 
tend all  the  required  tests  at  the  works ; 
and  the  question  remains,  how  is  the  In- 
specting Officer  of  the  Board  of  Trade  to  be 


enabled  to  distinguish  the  quality  of  metal 
in  a  finished  bridge,  when  he  is  called  upon 
to  give  a  certificate  that  it  is  safe  for  public 
traffic  ? 

If  we  could  adduce  clear  and  distinct  ev- 
idence that  the  metal  used  for  a  bridge  was 
of  a  quality  which  would  bear  8  tons  to  the 
inch  with  as  much  safety  as  common  iron 
can  bear  5  tons,  there  can  be  no  reasonable 
doubt  that  the  Board  of  Trade  would  make 
suitable  provision  in  its  regulations  for  the 
employment  of  such  material. 

The  difficulty  lies  in  the  want  of  some- 
thing whereby  the  quality  of  the  metal  may 
be  known  and  relied  upon  witti  confidence 
by  others  besides  those  who  made  the  arti- 
cle. 

In  gold  and  silver  this  is  accomplished 
by  the  stamp  put  upon  them,  in  guns  and 
small  arms  we  have  the  proof-mark,  but  in 
iron  and  steel  we  have-  nothing  whereby 
the  one  quality  of  metal  can  be  distinguished 
from  another;  and  until  some  sufficient 
means  be  devised  for  this  purpose,  it  is  diffi- 
cult to  see  how  we  are  to  escape  from  the 
position  in  which  we  are  now  placed — 
namely,  that  while  we  possess  a  material 
by  which  we  can  increase  considerably  the 
spans  and  diminish  the  weight  and  cost  of 
engineering  works,  we  are  restricted  to 
make  designs  and  construct  our  works  by  a 
rule  made  for  wrought  iron,  and  adapted  to 
the  lowest  quality  of  that  material. 

As  the  rule  made  by  the  Board  of  Trade 
in  respect  of  wrought-iron  railway  structures 
may  not  be  generally  known,  I  here  give  it : 

"In  a  wrought-iron  bridge  the  greatest 
load  which  can  be  brought  upon  it,  added 
to  the  weight  of  the  superstructure,  should 
not  produce  a  greater  strain  on  any  part  of 
material  than  5  tons  per  inch." 

It  will  be  observed  that  this  5  tons  per 
inch  is  the  governing  element,  irrespective 
entirely  of  the  quality  of  metal  used  ;  and 
it  is  obvious  that  a  rule  so  framed  must 
act  as  a  discouragement  to  any  endeavor  to 
improve  the  quality  of  metal,  while  it  tends 
to  induce  the  employment  of  the  cheapest 
and  most  inferior  descriptions  which  can  be 
made  under  the  name  of  wrought-iron. 

In  endeavoring  to  seek  an  amendment  of 
the  rules,  which  will  permit  of  the  employ- 
ment of  steel  or  other  metal  of  higher 
strength  than  5  tons  to  the  inch,  I  feel 
bound  to  say  that  I  do  not  consider  that 
the  Board  of  Trade  is  alone  responsible  for 
the  position  in  which  the  question  now 
stands;  and    as   regards   the    Government 
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Inspecting  Officers,  I  can  only  say  that  in 
the  numerous  transactions  I  have  had  with 
them,  and  although  differences  of  opinion 
have  occasionally  arisen,  yet,  considering 
the  responsibility  which  rests  upon  them,  I 
have  found  them  anxious  to  afford  all 
reasonable  facilities  so  far  as  their  instruc- 
tions permitted. 

The  first  step  to  be  taken  is  to  put  our 
testing  on  a  systematic  and  satisfactory 
basis. 

The  second  is  to  establish  some  means 
whereby  metal  which  has  been  tested  can 
have  its  quality  indicated  upon  it  in  such 
manner  that  it  can  be  practically  relied 
upon. 

The  experiments  before  referred  to  es- 
tablish, sufficiently  for  all  practical  purposes, 
that  the  relation  or  proportion  between  the 
resistances  to  tension,  compression,  torsion, 
and  transverse  strain,  is  about  the  same  in 
steel  as  in  wrought  iron. 

The  testing  required  is  therefore  reduced 
to  that  necessary  for  ascertaining  two 
properties,  namely  the  strength  and  the 
toughness  or  ductility. 

The  strength  may  be  readily  ascer- 
tained, and  no  difficulty  arises  on  that 
head. 

The  whole  question  turns  upon  the  test 
for  ductility,  or  the  resistance  to  fracture  by 
blows  or  sudden  strain;  and  it  must  be 
admitted  that  the  tests  employed  for  this 
purpose  are  not  framed  on  any  regular  or 
satisfactory  basis. 

Without,  however,  attempting  to  say 
what  description  of  test  may  be  found  the 
best  for  ascertaining  thepropertyof  ductility, 
it  may  be  observed  that  what  is  required 
for  this  test  is  a  definite  basis  to  act  upon, 
and  that  the  samples  should  be  so  made 
as  to  render  the  test  cheap,  expeditious, 
and  easy  of  application. 

The  next  requirement  is,  that  when  a 
piece  of  metal  has  been  tested,  and  its 
qualities  of  strength  and  toughness  ascer- 
tained, there  should  be  some  means  of 
denoting  its  quality  in  an  authentic  manner. 

To  a  certain  extent  this  is  already  done 
in  iron  by  the  mark  of  the  maker ;  but 
something  more  than  this  is  necessary  to 
fulfil  the  required  conditions  in  steel. 

What  is  termed  steel,  is  iron  with  a 
small  proportion  of  carbon  in  it.  These 
two  ingredients  are  necessary  to  constitute 
steel ;  and  there  may  or  may  not  be  present 
in  very  small  quantities  graphite,  silicon, 
manganese,  sulphur,  and  phosphorus. 


In  connection  with  the  experiments  made 
by  the  Committee,  fourteen  of  the  samples 
were  tested  by  Mr.  E.  Eichards,  of  the 
Barrow  Steel  Works,  five  of  which  were 
kindly  repeated  by  Dr.  Odling. 

Although  there  are  some  discrepancies 
in  the  results  which  we  cannnot  account 
for,  yet  some  of  the  characteristics  are 
brought  out  clearly. 

It  appears  that  manganese  maybe  present 
to  the  extent  of  T4nths  per  cent,  with- 
out injury  either  to  the  strength  or  ductility, 
but  sulphur  and  phosphorus,  except  in 
extremely  small  quantities,  are  fatal  to 
ductility. 

In  the  samples  tried  by  the  Committee 
and  Mr.  Kirkaldy,  the  quantity  of  carbon 
varied  from  J  per  cent,  to  nearly  1  per  cent.  ; 
yet  with  this  small  variation  in  the  carbon 
the  strength  ranged  from  33  tons  to 
nearly  53  tons  per  in. ;  and  the  duc- 
tility, represented  by  the  ratio  which  the 
fractured  area  bore  to  the  original  section 
of  the  bar,  varied  from  T5oths  in  the 
tough  qualities,  until  in  the  harder  samples 
there  was  no  diminution  perceptible. 

All  these  materials  are  called  steel,  and 
have  the  same  external  appearance;  but 
possessing,  as  they  do,  such  a  range  of 
strength  and  such  a  variation  in  ductility, 
it  becomes  absolutely  essential  that  there 
should  be  some  classification  or  means  of 
knowing  the  respective  qualities  among 
them. 

The  want  of  such  classification  casts  an 
air  of  uncertainty  over  the  whole  question 
of  steel,  and  impedes  its  application.  To 
this  want  of  knowledge  is  to  be  ascribed 
the  circumstance  that  many  professional 
men  regard  the  material  as  altogether 
unreliable ;  while  large  consumers  of  steel, 
in  consequence  of  the  uncertainty  of  the 
quality  they  buy  in  the  market,  seek  to 
establish  works  on  their  own  premises  and 
make  their  own  steel. 

I  ought,  I  know,  to  apologize  for  detain- 
ing you  so  long  on  this  one  question  of 
steel,  but  I  consider  that  the  difficulties 
under  which  it  is  placed  are  affecting 
interests  of  considerable  importance. 

Not  only  is  a  large  and  useful  field  for 
the  employment  of  steel  practically  closed, 
but  the  progress  of  improvement  in  en- 
gineering structures  is  impeded  both  in  this 
country  and  in  other  parts  of  the  world 
where  English  engineers  are  engaged. 

Eor,  in  consequence  of  the  impediments 
to   its    employment  in  England,  very  few 
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English  engineers  turn  their  attention  to 
the  use  of  steel.  They  are  accustomed  to 
make  their  designs  for  iron,  and  when 
engaged  in  works  abroad  where  the  Board 
of  Trade  rules  do  not  apply,  they  continue 
for  the  most  part  to  send  out  the  old- 
fashioned  ponderous  girders  of  common  iron, 
in  cases  where  the  freight  and  difficulties  of 
carriage  make  it  extremely  desirable  that 
structures  of  less  weight  and  more  easy 
transport  should  be  employed. 

In  conclusion,  and  while  thanking  you 
for  the  patience  with  which  you  have  heard  j 
me  on  this  subject,  I  would  observe  that 
we  possess  in  steel  a  material  which  has 
been  proved,  by  the  numerous  uses  to 
which  it  is  applied,  to  be  of  great  capability 
and  value ;  we  know  that  it  is  used  for 
structural  purposes  in  other  countries,  as, 
for  example,  in  the  Illinois  and  St.  Louis 


Bridge  in  America,  a  bridge  of  three  arches, 
each  500  ft.  span;  yet  in  this  country,  where 
"modern  steel"  has  originated  and  has 
been  brought  to  its  present  state  of  per- 
fection, we  are  obstructed  by  some  deficiency 
in  our  arrangements,  and  by  the  absence 
of  suitable  regulations  by  the  Board  of 
Trade,  from  making  use  of  it  in  engineering 
works. 

And  I  have  considered  it  right  to  draw 
your  attention  to  the  position  in  which  this 
question  stands,  well  knowing  that  I  could 
not  address  anybody  of  gentlemen  more 
capable  of  improving  and  systematizing  our 
methods  of  testing,  or  better  able  to  devise 
effectual  means  for  removing  the  impedi- 
ments to  the  use  of  steel,  than  are  to  be 
found  in  the  scientific  and  practical  men 
who  form  the  Mechanical  Section  of  the 
British  Association. 


TUNNEL  LOCOMOTIVES. 


From  "The  Engineer.'" 


Notwithstanding  the  expenditure  of  a  con- 
siderable sum  in  the  improvement  of  the  ven- 
tilation of  the  Metropolitan  Railway,  the  air 
in  the  tunnels  is  still  very  far  from  being  in  a 
satisfactory  condition.  When  the  line  was 
first  opened  it  was  expected  that  by  running 
a  train  each  way  every  twenty  minutes  the 
demands  of  the  public  would  be  fully  satis- 
fied ;  and  we  believe  that  had  any  one  at 
the  time  the  construction  of  the  railway 
was  first  proposed  suggested  the  possibility 
of  a  train  every  five  minutes  being  required 
to  conduct  the  traffic  satisfactorily,  he  would 
have  exposed  himself  to  severe  ridicule. 
The  line  has  now  been  opened  ten  years, 
and  the  trains  run  at  about  two  minute 
intervals  during  the  busy  portions  of  the 
day.  From  the  first,  difficulties  were  antici- 
pated as  regards  ventilation ;  and  before 
the  line  was  opened  a  condensing  locomo- 
tive was  constructed  with  air  pumps  and  a 
jet  condenser.  We  are  not  aware  that  this 
engine  ever  ran  more  than  a  few  experi- 
mental trips,  after  which  it  went  to  the 
scrap  heap.  The  line  was  first  worked  by 
broad-gauge  tank  engines  with  6  wheels,  4 
coupled,  and  outside  cylinders,  with  the  ap- 
pearance of  which  no  doubt  many  of  our 
readers  are  familiar.  They  were  fitted  with 
tanks  under  the  boilers,  into  which  the 
waste  steam  was  turned  and  condensed,  the 
heated  water  being  discharged  at  Farring- 


ton  street  and  Paddington.  The  length  of 
the  run  was,  roughly  stated,  about  3  miles. 
This  arrangement,  on  the  whole,  disposed 
of  the  steam  satisfactorily,  and  so  long  as 
not  more  than  six  trains  per  hour  traversed 
any  given  section  of  the  line,  there  was  not 
much  to  complain  of  as  regarded  ventilation. 
By  degrees,  however,  the  number  of  trains 
increased,  and  complaints  began  to  be  heard 
about  the  state  of  the  atmosphere.  Then 
came  the  dispute  between  the  Metropolitan 
and  the  Great  Western  Companies.  The 
latter  refused  to  work  the  line,  and  as  the 
Metropolitan  Company  had  no  locomotives 
ready,  the  Great  Northern  Company  con- 
ducted the  traffic  with  some  of  their  ordi- 
nary goods  engines,  the  waste  steam  being 
led  into  the  tender  by  a  flexible  pipe.  These 
tenders  held  more  water  than  the  tanks  of 
their  predecessors,  and  the  steam  gave  no 
trouble  whatever,  but  the  fire-boxes  were 
comparatively  small  and  the  blast  was  often 
required  to  urge  the  fire.  As  a  result  the 
air  became  more  impregnated  than  ever 
with  sulphuretted  hydrogen,  sulphurous 
acid,  and  carbonic  acid  gas.  The  public 
complained  lustily,  but  Mr.  Fowler  de- 
signed the  engines  and  rolling  stock  now  in 
use,  and  the  public  were  assured  that  once 
these  engines  were  put  on  there  would  be 
no  more  trouble.  Immense  fire-boxes  were 
used  to  avoid  the  necessity  for  a  draught — 
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as  the  world  was  told — and  the  steam  was 
got  rid  of  in  the  side  tanks.  If  is  probable 
that  if  the  number  of  trains  had  remained 
small,  these  hopeful  anticipations  would 
have  been  to  a  great  extent  fulfilled,  but 
the  traffic  increased  enormously,  reaching 
at  last  to  1,000  trains  in  twenty-four  hours 
— one  hour  at  night  being  reserved  for  re- 
pairs— or  more  than  43  per  hour.  Nor 
does  this  number  represent  the  whole  traf- 
fic now  run  through  Farringdon  street  and 
up  to  King's  Cross  and  Paddington,  for  it 
does  not  include  the  trains  run  by  the 
Great  Northern,  Great  Western,  and  Mid- 
land Companies.  Nor  was  the  increased 
number  of  trains  the  only  difficulty  with 
which  the  Metropolitan  Company  have  had 
to  deal ;  in  addition,  the  length  of  each  run 
has  been  augmented.  Instead  of  working 
with  the  dampers  down,  they  are  worked 
full  open,  and  catching  the  air  as  the  train 
runs,  there  is  actually  in  practice  so  rapid  a 
combustion  effected,  that  the  engines  make 
steam  during  the  whole  run.  The  con- 
sumption is  about  32  lbs.  per  train  mile ; 
and  as  the  engines  seldom  use  their  blow- 
ers while  standing  in  stations,  it  is  obvious 
that  almost  the  whole  of  this  is  consumed 
when  running,  that  is  to  say,  in  the  tunnels. 
The  water  carried  is  also  insufficient  to  con- 
dense all  the  steam.  It  becomes  nearly 
boiling  hot  at  the  end  of  the  run,  and  there 
is  therefore  a  very  considerable  escape  of 
steam  in  the  tunnels  near  each  terminus. 
On  the  Metropolitan  District  line  there  is 
apparently  some  difficulty  about  getting  an 
adequate  supply  of  water,  and  the  engines 
run  from  the  Mansion  House  to  West 
Brompton  and  back  without  changing  the 
water  in  the  tanks.  The  consequence  is 
that  steam  escapes  in  clouds  from  the  en- 
gines running  into  the  Mansion  House 
Station,  and  one  serious  accident  has  oc- 
curred because  it  was  impossible  for  the 
driver  to  see  the  signals.  For  some  time 
past  this  difficulty  has  claimed  all  Mr. 
Speck's  attention,  and  we  know  that  he  has 
been  experimenting  with  a  view  to  get  rid 
of  it.  For  example,  he  has  led  the  waste 
steam  through  the  furnace,  in  order  to  su- 
perheat the  exhaust  and  render  it  invisible. 
The  plan  has  answered  tolerably  well  in  all 
respects  but  one  :  the  consumption  of  fuel 
was,  from  some  cause  not  very  easy  to  ex- 
plain, increased  by  nearly  50  per  cent.  It 
is  not  probable  that  the  use  of  locomotives 
in  long  tunnels  will  be  confined  to  London. 
To  say  nothing  of  the  Mont  Cenis  and  St. 


Gothard  tunnels,  an  underground  line  is 
contemplated  for  New  York ;  another  has 
been  spoken  of  for  Paris  ;  the  use  of  loco- 
motives in  coal  pits  has  been  attempted, 
and,  all  things  considered,  there  is  reason 
to  believe  that  tunnel  locomotives  are  likely 
to  play  a  more  important  part  than  ever. 
Under  these  circumstances  it  is  worth  while 
to  consider  if  any,  and  what,  modifications 
are  required  in  their  structure  to  make 
them  more  suitable  for  their  underground 
fife. 

The  first  thing  to  be  done  is  to  get  rid 
almost,  if  not  altogether,  of  the  escape  of  the 
products  of  combustion  in  a  tunnel;  the 
second  thing  is  to  get  rid  of  the  escape  of 
visible  steam.  We  believe  that  it  is  possible 
to  effect  both  objects,  but  it  can  only  be 
done  by  introducing  very  important  modifi- 
cations in  the  existing  type  of  engine.  If  it 
can  be  shown  that  change  is  necessary,  and 
will  be  attended  with  advantage,  then  no 
predilection  for  existing  methods  of  con- 
struction should  be  allowed  to  stand  in  the 
way.  The  disposal  of  the  steam  difficulty 
will,  in  our  opinion,  be  best  effected  by  first 
condensing  as  much  as  possible  in  tanks  as 
now,  and  then  leading  what  escapes  from 
the  tanks  when  the  water  has  reached  th©- 
boiling  point  into  a  superheater,  by  which  the 
steam  will  be  rendered  invisible.  There  are 
other  methods  by  which  the  steam  may  be 
disposed  of  to  which  we  may  return,  but  for 
the  present  we  shall  confine  our  attention  to 
the  disposal  of  the  products  of  combustion. 
To  dispense  absolutely  with  the  presence  of 
carbonic  acid  gas  and  sulphurous  acid  in  a 
tunnel  such  as  the  Metropolitan  Eailway 
traverses,  .is,  we  may  state  at  the  outset, 
quite  impossible  if  engine  furnaces  are  to 
be  used.  The  utmost  that  can  be  hoped  is 
the  reduction  to  a  minimum  of  the  dis- 
charge of  noxious  gases  from  the  engine ;. 
and  it  must  be  well  borne  in  mind  that  if 
these  gases  are  once  produced  in  quantity 
there  is  no  effectual  way  of  getting  rid  of 
them.  No  practical  form  of  ventilation 
will  clear  the  tunnel  when  trains  follow 
close  on  each  other's  heels.  Various 
schemes  have  been  proposed  by  chemists 
for  neutralizing  the  acids — for  example,  the 
use  of  boxes  containing  quick-lime  through 
which  the  air  supplied  to  the  carriages 
would  be  drawn ;  but  to  most  schemes  of 
this  kind  there  are  some  objections,  espe- 
cially on  the  score  of  expense.  The  true 
remedy  lies  in  not  making  these  gases 
while  in  the   tunnel  in  any  quantity,  and. 
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this  is  one  reason  why  the  weight  of  the 
rolling  stock  should  be  kept  as  small  as 
possible.  Thus,  for  example,  as  the  little 
engines  for  working  the  Metropolitan  traffic 
of  the  Brighton  line  only  burn  about  two- 
thirds  as  much  coal  per  train  mile  as 
Mr.  Fowler's  engines  on  the  Metropolitan, 
it  follows  that  the  first-mentioned  engines 
would  only  discharge  two-thirds  of  the 
deleterious  gases  delivered  from  the  chim- 
neys of  the  latter.  This  would  be  equiva- 
lent to  an  immense  increase  in  the  ventila- 
tion of  the  line.  The  theory  on  which 
Mr.  Fowler  started  is  no  doubt  correct. 
No  steam  should  be  made  in  the  tunnels, 
and  all  the  dampers  should  be  kept  shut. 
The  delivery  of  gas  from  the  furnace  would, 
under  these  conditions,  be  very  small  in- 
deed. In  practice,  however,  Mr.  Fowler's 
theory  cannot  be  applied.  It  may  be  ap- 
plied, however,  in  perfection,  provided  cer- 
tain modifications  are  adopted  in  the  con- 
struction of  the  engine. 

In  order  to  dispense  with  the  aid  of  the 
furnace  in  running,  it  is  essential  that  the 
engine  shall  carry  so  much  water,  heated 
to  such  a  temperature  as  will  suffice  for 
effecting  those  portions  of  the  run  which 
are  made  in  tunnels,  and  sufficient  time 
must  elapse  between  any  two  consecutive 
runs  to  enable  the  engine  to  recover  the 
pressure  lost  while  in  motion.  In  a  word, 
the  water  in  the  boiler  must  be  used  as  a 
receptacle  in  which  to  store  up  heat  for 
eaoh  run. 

Two  methods  of  carrying  this  scheme 
out  in  practice  suggest  themselves :  either 
the  pressure  carried  in  the  boiler,  to  be- 
gin with,  must  be  so  great  that  in  falling 
to  the  working  pressure  sufficient  sensible 
heat  will  be  available  for  conversion  into 
latent  heat,  or  enough  water  must  be  car- 
ried to  supply  all  the  steam  required,  al- 
though the  pressure  only  falls  a  few  pounds. 
Under  the  first  system  the  boiler  pressure 
would  be,  say  400  lbs.  on  the  square  inch  ; 
but  a  reducing  valve  would  be  provided  by 
which  steam  of,  say,  more  than  120  lbs. 
would  not  reach  the  cylinder.  To  begin 
with,  the  fire  would  be  urged  by  a  power- 
ful blower  while  the  engine  was  standing  ; 
as  soon  as  the  requisite  pressure  was  reach- 
ed, the  dampers  would  all  be  closed,  the 
blower  taken  off,  and  the  engine  would 
then  make  its  run,  using  up  the  heat  stored 
in  the  water  in  the  boiler.  The  pressure 
would  probably  fall  to  100  lbs.  by  the  time 
the  run  was  complete.     The  blower  would 


then  again  be  put  on  and  the  damper  open- 
ed ;  at  this  time  also  the  boiler  would  be 
supplied  with  water.  The  pressure  would 
once  more  be  raised  to  the  proper  point, 
and  the  engine  would  be  ready  for  another 
run. 

If,  instead  of  using  a  very  high  pressure, 
the  quantity  of  water  carried  were  aug- 
mented, the  action  and  method  of  working 
would  be  just  the  same.  As  to  the  pressures 
and  quantity  of  water  required  for  any  partic- 
ular duty,  we  shall  say  more  presently.  For 
the  moment,  we  have  to  consider — grant- 
ing that  every  other  condition  is  favorable — 
whether  it  would  be  practicable  to  work 
engines  thus — we  mean  practicable  in  the 
sense  of  convenience  and  cost.  It  is  obvi- 
ous, for  example,  that  if  it  required  an  hour 
to  raise  steam  to  the  required  pressure,  the 
scheme  would  fail,  because,  instead  of  one 
engine  to  each  train,  three  or  more  would 
be  required  to  conduct  the  traffic  on  the 
Metropolitan  Railway.  We  believe  we 
shall  not  be  far  wrong  if  we  say  that,  pro- 
vided not  more  than  ten  minutes  were  re- 
quired to  raise  steam,  the  scheme  could  be 
applied  without  much  difficulty.  Admit- 
ting that  this  obstacle  is  got  over,  say  by 
providing  a  few  additional  engines,  we  have 
next  to  consider  how  steam  is  to  be  raised. 
We  have  spoken  of  a  fire-box  and  a  blower, 
but  we  believe  that  infinitely  the  better 
plan  would  be  to  arrange  at  each  terminus 
a  modification  of  the  Siemens  furnace.  Each 
engine  would  be  brought  over  a  suitable 
gas  burner,  if  we  may  use  the  word,  and 
steam  would  be  got  up  with  lightning 
speed.  There  would  be  no  delay  to  get  the 
fire  up.  It  would  only  be  necessary  to 
bring  each  engine  over  the  gas  burner  on  a 
siding,  turn  on  the  flame,  and  run  up  the 
pressure.  Engine  would  succeed  engine 
with  perfect  regularity,  and  the  production 
of  steam  would  be  really  continuous.  In  a 
word,  the  engines  would  take  in  heat  as 
they  now  take  in  water.  And  here  we 
must  call  attention  to  one  most  important 
feature  of  the  scheme.  Not  only  would  the 
tunnels  be  kept  perfectly  clear  of  gas,  but 
instead  of  using  most  expensive  coal,  the 
companies  could  at  once  resort  to  the  use  of 
small  cheap  slack.  Any  kind  of  coal, 
indeed,  would  give  good  results  in  the  Sie- 
mens gas-producer ;  the  savings  from  this 
cause  would  soon  tell  sensibly  on  divi- 
dends. 

It  is  not  difficult  to  determine  the  time 
which  would  be  required  to  get  up  steam. 


MOLECULES. 


529 


Let  us  suppose  that  a  run  from  Moorgate 
street  to  Paddington  now  occupies  half  an 
hour.  Then  it  is  obvious  that  all  the  time 
required  to  generate  the  steam  used  on  the 
run  is  half  an  hour.  It  is  admitted,  how- 
ever, that  the  engines  do  not  make  nearly 
as  much  steam  as  they  would  make  with 
the  blast  on.  Therefore,  if  the  fire  were 
properly  urged,  it  is  likely  that  all  the 
pressure  needed  could  be  generated  in  fif- 
teen minutes ;  and  it  is  not  too  much  to  as- 
sume that  a  Siemens  gas  flame  used  with- 
out much  regard  to  economy — which  would 
be  unnecessary  because  of  the  small  cost  of 
the  fuel — would  get  up  the  steam  in  ten 
minutes  or  even  less.  That  the  sudden 
alterations  of  temperature  to  which  the  fire- 
box would  be  exposed  would  prove  injuri- 


ous, is  very  true,  but  the  difficulty  admits  of 
being  got  over. 

Some  years  ago  a  proposal  somewhat 
similar  to  that  which  we  have  just  made 
was  put  before  the  world.  An  important 
difference  exists,  however.  "We  propose  to 
heat  the  water  in  the  engine  boiler  by  the 
aid  of  a  Siemens  furnace.  The  original 
scheme  was  to  heat  water  to  a  very  high 
temperature  in  stationary  boilers  at  each 
end  of  the  line  and  then  to  fill  up  receivers 
answering  to  the  existing  boilers  on  the 
engines  with  this  highly  heated  water. 
There  are  serious  practical  difficulties  in  the 
way  of  the  latter  scheme  which  do  not  apply 
to  ours.  "We  must  reserve  for  another  arti- 
cle a  numerical  statement  of  the  data  on 
which  our  reasoning  is  based. 
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An  atom  is  a  body  which  cannot  be  cut 
in  two.  A  molecule  is  the  smallest  possible 
portion  of  a  particular  substance.  No  one 
has  ever  seen  or  handled  a  single  molecule. 
Molecular  science,  therefore,  is  one  of  those 
branches  of  study  which  deal  with  things 
invisible  and  imperceptible  by  our  senses, 
and  which  cannot  be  subjected  to  direct  ex- 
periment. 

The  mind  of  man  has  perplexed  itself 
with  many  hard  questions.  Is  space  infi- 
nite, and  if  so  in  what  sense  ?  Is  the  mate- 
rial world  infinite  in  extent,  and  are  all 
places  within  that  extent  equally  full  of 
matter  ?  Do  atoms  exist,  or  is  matter  infi- 
nitely divisible  ? 

The  discussion  of  questions  of  this  kind 
has  been  going  on  ever  since  men  began  to 
reason,  and  to  each  of  us,  as  soon  as  we 
obtain  the  use  of  our  faculties,  the  same 
old  questions  arise  as  fresh  as  ever.  They 
form  as  essential  a  part  of  the  science  of 
the  nineteenth  century  of  our  era,  as  of  that 
of  the  fifth  century  before  it. 

We  do  not  know  much  about  the  science 
organization  of  Thrace  twenty-two  centuries 
ago,  or  of  the  machinery  then  employed  for 
diffusing  an  interest  in  physical  research. 
There  were  men,  however,  in  those  days,  who 
devoted  their  lives  to  the  pursuit  of  knowl- 
edge with  an  ardor  worthy  of  the  most  dis- 
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tinguished  members  of  the  British  Associa- 
tion ;  and  the  lectures  in  which  Democritus 
explained  the  atomic  theory  to  his  fellow- 
citizens  of  Abdera  realized,  not  in  golden 
opinions  only,  but  in  golden  talents,  a  sum 
hardly  equalled  even  in  America. 

To  another  very  eminent  philosopher, 
Anaxagoras,  best  known  to  the  world  as 
the  teacher  of  Socrates,  we  are  indebted  for 
the  most  important  service  to  the  atomic 
theory,  which,  after  its  statement  by  De- 
mocritus, remained  to  be  done.  Anaxago- 
ras, in  fact,  stated  a  theory  which  so  exactly 
contradicts  the  atomic  theory  of  Democritus 
that  the  truth  or  falsehood  of  the  one  the- 
ory implies  the  falsehood  or  truth  of  the 
other.  The  question  of  the  existence  or 
non-existence  of  atoms  cannot  be  presented 
to  us  this  evening  with  greater  clearness 
than  in  the  alternative  theories  of  these  two 
philosophers. 

Take  any  portion  of  matter,  say  a  drop  of 
water,  and  observe  its  properties.  Like 
every  other  portion  of  matter  we  have  ever 
seen,  it  is  divisible.  Divide  it  in  two,  each 
portion  appears  to  retain  all  the  properties 
of  the  original  drop,  and,  among  others, 
that  of  being  divisible.  The  parts  are  sim- 
ilar to  the  whole  in  every  respect  except  in 
absolute  size. 

Now  go  on  repeating  the  process  of  di- 
vision till  the  separate  portions  of  water  are 
so  small  that  we  can  no  longer  perceive  or 
handle  them.     Still  we  have  no  doubt  that 
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the  subdivision  might  be  carried  further,  if 
our  senses  were  more  acute  and  our  instru- 
ments more  delicate.  Thus  far  all  are 
agreed,  but  now  the  question  arises,  can 
this  subdivision  be  repeated  forever  ? 

According  to  Democritus  and  the  atomic 
school,  we  must  answer  in  the  negative. 
After  a  certain  number  of  subdivisions,  the 
drop  would  be  divided  into  a  number  of 
parts,  each  of  which  is  incapable  of  further 
subdivision.  We  should  thus,  in  imagina- 
tion, arrive  at  the  atom,  which,  as  its  name 
literally  signifies,  cannot  be  cut  in  two. 
This  is  the  atomic  doctrine  of  Democritus, 
Epicarus,  and  Lucretius,  and,  I  may  add, 
of  your  lecturer. 

According  to  Anaxagoras,  on  the  other 
hand,  the  parts  into  which  the  drop  is  divi- 
ded, are  in  all  respects  similar  to  the  whole 
drop,  the  mere  size  of  a  body  connting  for 
nothing  as  regards  the  nature  of  its  sub- 
stance. Hence,  if  the  whole  drop  is  divisi- 
ble, so  are  its  parts  down  to  the  minutest 
subdivisions,  and  that  without  end. 

The  essence  of  the  doctrine  of  Anaxago- 
ras is  that  the  parts  of  a  body  are  in  all  re- 
spects similar  to  the  whole.  It  was  there- 
fore called  the  doctrine  of  Homoiomereia. 
Anaxagoras  did  not  of  course  assert  this  of 
the  parts  of  organized  bodies  such  as  men 
and  animals,  but  he  maintained  that  those 
inorganic  substances  which  appear  to  us 
homogeneous  are  really  so,  and  that  the 
universal  experience  of  mankind  testifies 
that  every  material  body,  without  exception, 
is  divisible. 

The  doctrine  of  atoms  and  that  of  homo- 
geneity are  thus  in  direct  contradiction. 

But  we  must  now  go  on  to  molecules. 
Molecule  is  a  modern  word.  It  does  not 
occur  in  Johnson's  Dictionary.  The  ideas 
it  embodies  are  tlaose  belonging  to  modern 
chemistry. 

A  drop  of  water,  to  return  to  our  former 
example,  may  be  divided  into  a  certain 
number,  and  no  more,  of  portions  similar 
to  each  other.  Each  of  these  the  modern 
chemist  calls  a  molecule  of  water.  But  it 
is  by  no  means  an  atom,  for  it  contains 
two  different  substances,  oxygen  and 
hydrogen,  and  by  a  certain  process  the 
molecule  may  be  actually  divided  into  two 
parts,  one  consisting  of  oxygen  and  the 
other  of  hydrogen.  According  to  the 
received  doctrine,  in  each  molecule  of  water 
there  are  two  molecules  of  hydrogen  and  one 
of  oxygen.  Whether  these  are  or  are  not 
ultimate  atoms  I  shall  not  attempt  to  decide. 


We  now  see  what  a  molecule  is,  as  dis- 
tinguished from  an  atom. 

A  molecule  of  a  substance  is  a  small 
body  such  that  if,  on  the  one  hand,  a 
number  of  similar  molecules  were  assembled 
together  they  would  form  a  mass  of  that 
substance,  while  on  the  other  hand,  if  any 
portion  of  this  molecule  were  removed,  it 
would  no  longer  be  able,  along  with  an 
assemblage  of  other  molecules  similarly 
treated,  to  make  up  a  mass  of  the  original 
substance. 

Every  substance,  simple  or  compound, 
has  its  own  molecule.  If  this  molecule  be 
divided,  its  parts  are  molecules  of  a  dif- 
ferent substance  or  substances  from  that  of 
which  the  whole  is  a  molecule.  An  atom, 
if  there  is  such  a  thing,  must  be  a  molecule 
of  an  elementary  substance.  Since,  there- 
fore, every  molecule  is  not  an  atom,  but 
every  atom  is  a  molecule,  I  shall  use  the 
word  molecule  as  the  more  general  term. 

I  have  no  intention  of  taking  up  your 
time  by  expounding  the  doctrines  of  modern 
chemistry  with  respect  to  the  molecules  of 
different  substances.  It  is  not  the  special 
but  the  universal  interest  of  molecular 
science  which  encourages  me  to  address 
you.  It  is  not  because  we  happen  to  be 
chemists  or  physicists  or  specialists  of  any 
kind  that  we  are  attracted  towards  this 
centre  of  all  material  existence,  but  because 
we  all  belong  to  a  race  endowed  with 
faculties  which  urge  us  on  to  search  deep 
and  ever  deeper  into  the  nature  of  things. 

We  find  that  now,  as  in  the  days  of  the 
earliest  physical  speculations,  all  physical 
researches  appear  to  converge  towards  the 
same  point,  and  every  inquirer,  as  he  looks 
forward  into  the  dim  region  towards  which 
the  path  of  discovery  is  leading  him,  sees, 
each  according  to  his  sight,  the  vision  of 
the  same  quest. 

One  may  see  the  atom  as  a  material 
point,  invested  and  surrounded  by  potential 
forces.  Another  sees  no  garment  of  force, 
but  only  the  bare  and  utter  hardness  of 
mere  impenetrability. 

But  though  many  a  speculator,  as  he  has 
seen  the  vision  recede  before  him  into  the 
innermost  sanctuary  of  the  inconceivably 
little,  has  had  to  confess  that  the  quest  was 
not  for  him,  and  though  philosophers  in 
every  age  have  been  exhorting  each  other 
to  direct  their  minds  to  some  more  useful 
and  attainable  aim,  each  generation,  from 
the  earliest  dawn  of  science  to  the  present 
time,    his  contributed  a  due  proportion  of 
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its  ablest  intellects  to  the  quest  of  the 
ultimate  atom. 

Our  business  this  evening  is  to  describe 
some  researches  in  molecular  science,  and 
in  particular  to  place  before  you  any- 
definite  information  which  has  been  ob- 
tained respecting  the  molecules  themselves. 
The  old  atomic  theory,  as  described  by 
Lucretius  and  revived  in  modern  times, 
asserts  that  the  molecules  of  all  bodies  are 
in  motion,  even  when  the  body  itself  ap- 
pears to  be  at  rest.  These  motions  of 
molecules  are  in  the  case  of  solid  bodies 
confined  within  so  narrow  a  range  that 
even  with  our  best  microscopes  we  cannot 
detect  that  they  alter  their  places  at  all. 
In  liquids  and  gases,  however,  the  mole- 
cules are  not  confined  within  any  definite 
limits,  but  work  their  way  through  the 
whole  mass,  even  when  that  mass  is  not 
disturbed  by  any  visible  motion. 

This  process  of  diffusion,  as  it  is  called, 
which  goes  on  in  gases  and  liquids  and 
even  in  some  solids,  can  be  subjected  to 
experiment,  and  forms  one  of  the  most 
convincing  proofs  of  the  motion  of  mole- 
cules. 

Now  the  recent  progress  of  molecular 
science  began  with  the  study  of  the  me- 
chanical effect  of  the  impact  of  these 
moving  molecules  when  they  strike  against 
any  solid  body.  Of  course  these  Hying 
molecules  must  beat  against  whatever  is 
placed  among  them,  and  the  constant 
succession  of  these  strokes  is,  according  to 
our  theory,  the  sole  cause  of  what  is  called 
the  pressure  of  air  and  other  gases. 

This  appears  to  have  been  first  suspected 
by  Daniel  Bernoulli,  but  he  had  not  the 
means  which  we  now  have  of  verifying  the 
theory.  The  same  theory  was  afterwards 
brought  forward  independently  by  Lesage, 
of  Geneva,  who,  however,  devoted  most  of 
his  labor  to  the  explanation  of  gravitation 
by  the  impact  of  atoms.  Then  Herapath, 
in  his  "Mathematical  Physics,"  published 
in  lb47,  made  a  much  more  extensive 
application  of  the  theory  to  gases,  and  Dr. 
Joule,  whose  absence  from  our  meeting  we 
must  all  regret,  calculated  the  actual 
velocity  of  the  molecules  of  hydrogen. 

The  further  development  of  the  theory 
is  generally  supposed  to  have  been  begun 
with  a  paper  by  Kronig,  which  does  not, 
however,  so  far  as  I  can  see,  contain  any 
improvement  on  what  had  gone  before. 
It  seems,  however,  to  have  drawn  the  at- 
tention of  Prof.  Clausius  to  the  subject,  and 


to   him   we    owe  a  very  large  part  of  what 
has  been  since  accomplished. 

We  all  know  that  air  or  any  other  gas 
placed  in  a  vessel  presses  against  the  sides 
of  the  vessel,  and  against  the  surface  of 
anybody  placed  within  it.  On  the  kinetic 
theory  this  pressure  is  entirely  due  to  the 
molecules  striking  against  these  surfaces, 
and  thereby  communicating  to  them  a 
series  of  impulses  which  follow  each 
other  in  such  rapid  succession  that  they 
produce  an  effect  which  cannot  be  dis- 
tinguished from  that  of  a  continuous 
pressure. 

If  the  volocity  of  the  molecules  is  given, 
and  the  number  varied,  then  since  each 
molecule,  on  an  average,  strikes  the  side  of 
the  vessel  the  same  number  of  times,  and 
with  an  impulse  of  the  same  magnitude, 
each  will  contribute  an  equal  share  to  the 
whole  pressure.  The  pressure  in  a  vessel 
of  given  size  is  therefore  proportional  to  the 
number  of  molecules  in  it,  that  is,  to  the 
quantity  of  gas  in  it. 

This  is  the  complete  dynamical  ex- 
planation of  the  fact  discovered  by  Eobert 
Boyle,  that  the  pressure  of  air  is  propor- 
tional to  its  density.  It  shows  also  that  of 
different  portions  of  gas  forced  into  a 
vessel,  each  produces  its  own  part  of  the 
pressure  independently  of  the  rest,  and  this 
whether  these  portions  be  of  the  same  gas 
or  not. 

Let  us  next  suppose  that  the  velocity  of 
the  molecules  is  increased.  Each  molecule 
will  now  strike  the  sides  of  the  vessel  a 
greater  number  of  times  in  a  second,  but 
besides  this,  the  impulse  of  each  blow  will 
be  increased  in  the  same  proportion,  so  that 
the  part  of  the  pressure  due  to  each  mole- 
cule will  vary  as  the  square  of  the  velocity. 
Xow  the  increase  of  the  square  of  velocity 
corresponds,  in  our  theory,  to  a  rise  of 
temperature,  and  in  this  way  we  can  explain 
the  effect  of  warming  the  gas,  and  also  the 
law  discovered  by  Charles  that  the  pro- 
portional expansion  of  all  gases  between 
given  temperatures  is  the  same. 

The  dynamical  theory  also  tells  us  what 
will  happen  if  molecules  of  different  masses 
are  allowed  to  knock  about  together.  The 
greater  masses  will  go  slower  than  the 
smaller  ones,  so  that,  on  an  average,  every 
molecule,  great  or  small,  will  have  the 
same  energy  of  motion. 

The  proof  of  this  dynamical  theorem,  in 
which  I  claim  the  priority,  has  recently 
been    greatly  developed   and    improved    by 
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Dr.  Ludwig  Boltzmann.  The  most  im- 
portant consequence  which  flows  from  it  is, 
that  a  cubic  centimetre  of  every  gas  at 
standard  temperature  and  pressure  contains 
the  same  number  of  molecules.  This  is 
the  dynamical  explanation  of  Gay  Lussac's 
law  of  the  equivalent  volumes  of  gases. 
But  we  must  now  descend  to  particulars, 
and  calculate  the  actual  velocity  of  a  mole- 
cule of  hydrogen. 

A  cubic  centimetre  of  hydrogen,  at  the 
temperature  of  melting  ice  and  at  a  pres- 
sure of  one  atmosphere,  weighs  0.00008954 
grammes  We  have  to  find  at  what  rate 
this  small  mass  must  move  (whether 
altogether  or  in  separate  molecules  makes 
no  difference)  so  as  to  produce  the  observed 
pressure  on  the  sides  of  the  cubic  centimetre. 
This  is  the  calculation  which  was  first 
made  by  Dr.  Joule,  and  the  result  is  1,859 
metres  per  second.  This  is  what  we  are 
accustomed  to  call  a  great  velocity.  It  is 
greater  than  any  velocity  obtained  in 
artillery  practice.  The  velocity  of  other 
gases  is  less,  as  you  will  see  by  the  table, 
but  in  all  cases  it  is  very  great  as  compared 
with  that  of  bullets. 

We  have  now  to  conceive  the  molecules 
of  the  air  in  this  hall  flying  about  in  all 
directions,  at  a  rate  of  about  seventeen 
miles  in  a  minute. 

If  all  these  molecules  were  flying  in  the 
same  direction,  they  would  constitute  a 
wind  blowing  at  the  rate  of  seventeen 
miles  a  minute,  and  the  only  wind  which 
approaches  this  velocity  is  that  which  pro- 
ceeds from  the  mouth  of  a  cannon.  How, 
then,  are  you  and  I  able  to  stand  here  ? 
Only  because  the  molecules  happen  to  be 
flying  in  different  directions,  so  that  those 
which  strike  against  our  backs  enable  us  to 
support  the  storm  which  is  beating  against 
our  faces.  Indeed,  if  this  molecular  bom- 
bardment were  to  cease,  even  for  an  instant, 
our  veins  would  swell,  our  breath  would 
leave  us,  and  we  should,  literally,  expire. 
But  it  is  not  only  against  us  or  against  the 
walls  of  the  room  that  the  molecules  are 
striking.  Consider  the  immense  number  of 
them,  and  the  fact  that  they  are  flying  in 
every  possible  direction,  and  you  will  see 
that  they  cannot  avoid  striking  each 
other.  Every  time  that  two  molecules 
come  into  collision,  the  paths  of  both  are 
changed,  and  they  go  off  in  new  directions. 
Thus  each  molecule  is  continually  getting 
its  course  altered,  so  that  in  spite  of  its 
great  velocity  it  may  be  a  long  time  before 


it  reaches  any  great  distance  from  the  point 
at  which  it  set  out. 

I  have  here  a  bottle  containing  ammonia. 
Ammonia  is  a  gas  which  you  can  recognize 
by  its  smell.  Its  molecules  have  a  velocity 
of  600  metres  per  second,  so  that  if  their 
course  had  not  been  interrupted  by  striking 
against  the  molecules  of  air  in  the  hall, 
every  one  in  the  most  distant  gallery  would 
have  smelt  ammonia  before  I  was  able  to 
pronounce  the  name  of  the  gas.  But  in- 
stead of  this,  each  molecule  of  ammonia  is 
so  jostled  about  by  the  molecules  of  air, 
that  it  is  sometimes  going  one  way  and 
sometimes  another.  It  is  like  a  hair  which 
is  always  doubling,  and  though  it  goes  a 
great  pace,  it  makes  very  little  progress. 
Nevertheless,  the  smell  of  ammonia  is  now 
beginning  to  be  perceptible  at  some  dis- 
tance from  the  bottle.  The  gas  does  diffuse 
itself  through  the  air,  though  the  process  is 
a  slow  one,  and  if  we  could  close  up  every 
opening  of  this  hall  so  as  to  make  it  air- 
tight, and  leave  everything  to  itself  for  some 
weeks,  the  ammonia  would  become  uni- 
formly mixed  through  every  part  of  the  air 
in  the  hall. 

This  property  of  gases,  that  they  diffuse 
through  each  other,  was  first  remarked  by 
Priestley.  Dalton  showed  that  it  takes 
place  quite  independently  of  any  chemical 
action  between  the  inter-diffusing  gases. 
Graham,  whose  researches  were  especially 
directed  towards  those  phenomena  which 
seem  to  throw  light  on  molecular  motions, 
made  a  careful  study  of  diffusion,  and  ob- 
tained the  first  results  from  which  the  rate 
of  diffusion  can  be  calculated. 

Si  ill  more  recently  the  rates  of  diffusion 
of  gases  into  each  other  have  been  meas- 
ured with  great  precision  by  Prof.  Losch- 
midt  of  Vienna. 

He  placed  the  two  gnses  in  two  similar 
vertical  tubes,  the  lighter  gas  being  placed 
above  the  heavier,  so  as  to  avoid  the  lorrna- 
tion  of  currents.  He  then  opened  a  sliding 
valve,  so  as  to  make  the  two  tubes  into  one, 
and  after  leaving  the  gases  to  themselves 
for  an  hour  or  so,  he  shut  the  valve,  and 
determined  how  much  of  each  gas  had  dif- 
fused into  the  other. 

As  most  gases  are  invisible,  I  shall  ex- 
hibit gaseous  diffusion  to  you  by  means  of 
two  gases,  ammonia  and  hydrochloric  acid, 
which,  when  they  meet,  form  a  solid  prod- 
uct. The  ammonia,  being  the  lighter  gas, 
is  placed  above  the  hydrochloric  acid,  with 
a  stratum  of  air  between,  but  you  will  soon 
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see  that  the  gases  can  diffuse  through  this 
stratum  of  air,  and  produce  a  cloud  of  white 
smoke  when  they  meet.  During  the  whole 
of  this  process  no  currents  or  any  other  vis- 
ible motion  can  be  detected.  Every  part  of 
the  vessel  appears  as  calm  as  a  jar  of  undis- 
turbed air. 

But,  according  to  our  theory,  the  same 
kind  of  motion  is  going  on  in  calm  air  as  in 
the  inter-diffusing  gases,  the  only  difference 
being  that  we  can  trace  the  molecules  from 
one  place  to  another  more  easily  when  they 
are  of  a  different  nature  from  those  through 
which  they  are  diffusing. 

If  we  wish  to  form  a  mental  representa- 
tion of  what  is  going  on  among  the  mole- 
cules in  calm  air,  we  cannot  do  better  than 
observe  a  swarm  of  bees,  when  every  indi- 
vidual bee  is  flying  furiously,  first  in  one 
direction,  and  then  in  another,  while  the 
swarm,  as  a  whole,  either  remains  at  rest, 
or  sails  slowly  through  the  air. 

In  certain  seasons,  swarms  of  bees  are 
apt  to  fly  off  to  a  great  distance,  and  the 
owners,  in  order  to  identify  their  property 
when  they  find  them  on  other  people's 
ground,  sometimes  throw  handfuls  of  flour 
at  the  swarm.  Now  let  us  suppose  that 
the  flour  thrown  at  the  flying  swarm  has 
whitened  those  bees  only  which  happened 
to  be  in  the  lower  half  of  the  swarm, 
leaving  those  in  the  upper  half  free  from 
flour. 

If  the  bees  still  go  on  flying  hither  and 
thither  in  an  irregular  manner,  the  floury 
bees  will  be  found  in  continually  increasing 
proportions  in  the  upper  part  of  the  swarm, 
till  they  have  become  equally  diffused 
through  every  part  of  it.  But  the  reason  of 
this  diffusion  is  not  because  the  bees  were 
marked  with  flour,  but  because  they  are 
flying  about.  The  only  effect  of  the  mark- 
ing is  to  enable  us  to  identify  certain  bees. 

We  have  no  means  of  marking  a  select 
number  of  molecules  of  air,  so  as  to  trace 
them  after  they  have  become  diffused  among 
others,  but  we  may  communicate  to  them 
some  property  by  which  we  may  obtain  evi- 
dence of  their  diffusion. 

For  instance,  if  a  horizontal  stratum  of 
air  is  moving  horizontally,  molecules  diffus- 
ing out  of  this  stratum  into  those  above  and 
below  will  carry  their  horizontal  motion 
with  them,  and  so  tend  to  communicate 
motion  to  the  neighboring  strata,  while 
molecules  diffusing  cut  of  the  neighboring 
strata  into  the  moving  one  will  tend  to 
bring  it  to  rest.     The  action  between  the 


strata  is  somewhat  like  that  of  two  rough 
surfaces,  one  of  which  slides  over  the  other, 
rubbing  on  it.  Friction  is  the  name  given 
to  this  action  between  solid  bodies  ;  in  the 
case  of  fluids  it  is  called  internal  friction  or 
viscosity. 

It  is  in  fact  only  another  kind  of  diffusion 
— a  lateral  diffusion  of  momentum,  and  its 
amount  can  be  calculated  from  data  de- 
rived from  observations  of  the  first  kind  of 
diffusion,  that  of  matter.  The  comparative 
values  of  the  viscosity  of  different  gases 
were  determined  by  Graham  in  his  re- 
searches on  the  transpiration  of  gases 
through  long  narrow  tubes,  and  their  abso- 
lute values  have  been  deduced  from  experi- 
ments on  the  oscillation  of  discs  by  Oscar 
Meyer  and  myself. 

Another  way  of  tracing  the  diffusion  of 
molecules  through  calm  air  is  to  heat  the 
upper  stratum  of  the  air  in  a  vessel,  and 
so  observe  the  rate  at  which  this  heat  is 
communicated  to  the  lower  strata.  This, 
in  fact,  is  a  third  kind  of  diffusion — that  of 
energy,  and  the  rate  at  which  it  must  take 
place  was  calculated  from  data  derived 
from  experiments  on  viscosity  before  any 
direct  experiments  on  the  conduction  of 
heat  had  been  made.  Prof.  Stefan,  of  Vi- 
enna, has  recently,  by  a  very  delicate  meth- 
od, succeeded  in  determining  the  conduc- 
tivity of  air,  and  he  finds  it,  as  he  tells  us,  in 
striking  agreement  with  the  value  predicted 
by  the  theory. 

All  these  three  kinds  of  diffusion — the 
diffusion  of  matter,  of  momentum,  and  of 
energy — are  carried  on  by  the  motion  of  the 
molecules.  The  greater  the  velocity  of  the 
molecules  and  the  farther  they  travel  be- 
fore their  paths  are  altered  by  collision  with 
other  molecules,  the  more  rapid  will  be  the 
diffusion.  Now  we  know  already  the  ve- 
locity of  the  molecules,  and  therefore  by 
experiments  on  diffusion  we  can  determine 
how  far,  on  an  average,  a  molecule  travels 
without  striking  another.  Prof.  Clausius, 
of  Bonn,  who  first  gave  us  precise  ideas 
about  the  motion  of  agitation  of  molecules, 
calls  this  distance  the  mean  path  of  a  mole- 
cule. I  have  calculated  from  Prof.  Losch- 
midt's  diffusion  experiments,  the  mean  path 
of  the  molecules  of  four  well-known  gases. 
The  average  distance  travelled  by  a  mole- 
cule between  one  collision  and  another  is 
given  in  the  table.  It  is  a  very  small  dis- 
tance, quite  imperceptible  to  us  even  with 
our  best  microscopes.  Eoughly  speaking, 
it  is  about  the  tenth  part  of  the  length  of  a 
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wave  of  light,  which  you  know  is  a  very 
small  quantity.  Of  course  the  time  spent 
on  so  short  a  path  by  such  swift  molecules 
must  be  very  small.  I  have  calculated  the 
number  of  collisions  which  each  must  under- 
go in  a  second.  They  are  given  in  the 
table  and  are  reckoned  by  thousands  of 
millions.  No  wonder  that  the  travelling 
power  of  the  swiftest  molecule  is  but  small, 
when  its  course  is  completely  changed  thou- 
sands of  millions  in  a  second. 

The  three  kinds  of  diffusion  also  take 
place  in  liquids,  but  the  relation  betwten 
the  rates  at  which  they  take  place  is  not  so 
simple  as  in  the  case  of  gases.  The  dynam- 
ical theory  of  liquids  is  not  so  well  under- 
stood as  that  of  gases,  but  the  principal 
difference  between  a  gas  and  a  liquid  seems 
to  be  that  in  a  gas  each  molecule  spends  the 
greater  part  of  its  time  in  describing  its  free 
path,  and  is  for  a  very  small  portion  of  its 
time  engaged  in  encounters  with  other  mole- 
cules, whereas  in  a  liquid  the  molecule  has 
hardly  any  free  path,  and  is  always  in  a 
state  of  close  encounter  with  other  mole- 
cules. 

Hence  in  a  liquid  the  diffusion  of  motion 
from  one  molecule  to  another  takes  place 
much  more  rapidly  than  the  diffusion  of 
the  molecules  themselves,  for  the  same  rea- 
son that  it  is  more  expeditious  in  a  dense 
crowd  to  pass  on  a  letter  from  hand  to 
hand  than  to  give  it  to  a  special  messenger 
to  work  his  way  through  the  crowd.  I 
have  here  a  jar,  the  lower  part  of  which 
contains  a  solution  of  copper  sulphate,  while 
the  upper  part  contains  pure  water.  It  has 
been  standing  here  since  Friday,  and  you 
see  how  little  progress  the  blue  liquid  has 
made  in  diffusing  itself  through  the  water 
above.  The  rate  of  diffusion  of  a  solution 
of  sugar  has  been  carefully  observed  by 
Yoit.  Comparing  his  results  with  those  of 
Loschmidt  on  gases,  we  find  that  about  as 
much  diffusion  takes  place  in  a  second  in 
gases  as  requires  a  day  in  liquids. 

The  rate  of  diffusion  of  momentum  is 
also  slower  in  liquids  than  in  gases,  but  by 
no  means  in  the  same  proportion.  The 
same  amount  of  motion  takes  about  ten 
times  as  long  to  subside  in  water  as  in  air, 
as  you  will  see  by  what  takes  place  when  I 
stir  these  two  jars,  one  containing  water 
and  the  other  air.  There  is  still  less  dif- 
ference between  the  rates  at  which  a  rise  of 
temperature  is  propagated  through  a  liquid 
and  through  a  gas. 

In  solids  the  mo'ecules    are   still  in  mo- 


tion, but  their  motions  are  confined  within 
very  narrow  limits.  Hence  the  diffusion 
of  matter  does  not  take  place  in  solid  bodies, 
though  that  of  motion  and  heat  takes  place 
very  freely.  Nevertheless,  certain  liquids 
can  diffuse  through  colloid  solids,  such  as 
jelly  and  gum,  and  hydrogen  can  make  its 
way  through  iron  and  palladium. 

We  have  no  time  to  do  more  than  men- 
tion that  most  wonderful  molecular  motion 
which  is  called  electrolysis.  Here  is  an 
electric  current  passing  through  acidulated 
water,  and  causing  oxygen  to  appear  at  one 
electrode  and  hydrogen  at  the  other.  In 
the  space  between,  the  water  is  perfectly 
calm,  and  yet  two  opposite  currents  of  oxy- 
gen and  of  hydrogen  must  be  passing 
through  it.  The  physical  theory  of  this 
process  has  been  studied  by  Clausius,  who 
has  given  reasons  for  asserting  that  in  ordi- 
nary water  the  molecules  are  not  only  mov- 
ing, but  every  now  and  then  striking  each 
other  with  such  violence  that  the  oxygen 
and  hydrogen  of  the  molecules  part  com- 
pany, and  dance  about  through  the  crowd, 
seeking  partners  which  have  become  disso- 
ciated in  the  same  way.  In  ordinary  water 
these  exchanges  produce,  on  the  whole,  no 
observable  effect,  but  no  sooner  does  the 
electromotive  force  begin  to  act  than  it  ex- 
erts its  guiding  influence  on  'the  unattached 
molecules,  and  bends  the  course  of  each  to- 
ward its  proper  electrode,  till  the  moment 
when,  meeting  with  an  unappropriated 
molecule  of  the  opposite  kind,  it  enters  again 
into  a  more  or  less  permanent  union  with  it 
till  it  is  again  dissociated  by  another  shock. 
Electrolysis,  therefore,  is  a  kind  of  diffusion 
assisted  by  electromotive  force. 

Another  branch  of  molecular  science  is 
that  which  relates  to  the  exchange  of  mole- 
cules between  a  liquid  and  a  gas.  It  in- 
cludes the  theory  of  evaporation  and  con- 
densation, in  which  the  gas  in  question  is 
the  vapor  of  the  liquid,  and  also  the  theory 
of  the  absorption  of  a  gas  by  a  liquid  of  a 
different  substance.  The  researches  of  Dr. 
Andrews  on  the  relations  between  the  liquid 
and  the  gaseous  state  have  shown  us  that 
though  the  statements  in  our  own  element- 
ary text-books  may  be  so  neatly  expressed 
that  they  appear  almost  self-evident,  their 
true  interpretation  may  involve  some  prin- 
ciple so  profound  that,  till  the  right  man 
has  laid  hold  of  it,  no  one  ever  suspects  that 
anything  is  left  to  be  discovered. 

These,  then,  are  some  of  the  fields  from 
which  the  data  of  molecular  science  are 
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gathered.  We  may  divide  the  ultimate  re- 
sults into  three  ranks,  according  to  the  com- 
pleteness of  our  knowledge  of  them. 

To  the  first  rank  belong  the  relative 
masses  of  the  molecules  of  different  gases, 
and  their  velocities  in  metres  per  second. 
These  data  are  obtained  from  experiments 
on  the  pressure  and  density  of  gases,  and 
are  known  to  a  high  degree  of  precision. 

In  the  second  rank  we  must  place  the  rel- 
ative size  of  the  molecules  of  different  gases, 
the  length  of  their  mean  paths,  and  the 
number  of  collisions  in  a  second.  These 
quantities  are  deduced  from  experiments  on 
the  three  kinds  of  diffusion.  Their  re- 
ceived values  must  be  regarded  as  rough 
approximations  till  the  methods  of  experi- 
menting are  greatly  improved. 

There  is  another  set  of  quantities  which 
we  must  place  in  the  third  rank,  because 
our  knowledge  of  them  is  neither  precise, 
as  in  the  first  rank,  nor  approximate,  as  in 
the  second,  but  is  only  as  yet  of  the  nature 
of  a  probable  conjecture.  These  are  the 
absolute  mass  of  a  molecule,  its  absolute 
diameter,  and  the  number  of  molecules  in 
a  cubic  centimetre.  We  know  the  relative 
masses  of  different  molecules  with  great  ac- 
curacy, and  we  know  their  relative  diame- 
ters approximately.  From  these  we  can 
deduce  the  relative  densities  of  the  mole- 
cules themselves.  So  far  we  are  on  firm 
ground. 

The  great  resistance  of  liquids  to  com- 
pression makes  it  probable  that  their  mole- 
cules must  be  at  about  the  same  distance 
from  each  other  as  that  at  which  two 
molecules  of  the  same  substance  in  the 
gaseous  form  act  on  each  other  during  an 
encounter.  This  conjecture  has  been  put 
to  the  test  by  Lorenz  Meyer,  who  has  com- 
pared the  densities  of  different  liquids  with 
the  calculated  relative  densities  of  the  mole- 
cules of  their  vapors,  and  has  found  a  re- 
markable correspondence  between  them. 

Now  Loschmidt  has  deduced  from  the 
dynamical  theory  the  following  remarkable 
proportion  : — As  the  volume  of  a  gas  is  to 
the  combined  volume  of  all  the  molecules 
contained  in  it,  so  is  the  mean  path  of  a 
molecule  to  one-eighth  of  the  diameter  of  a 
molecule. 

Assuming  that  the  volume  of  the  sub- 
stance when  reduced  to  the  liquid  form,  is 
not  much  greater  than  the  combined  vol- 
ume of  the  molecules,  we  obtain  from  this 
proportion  the  diameter  of  a  molecule.  In 
this  way  Loschmidt,  in  1865,  made  the  first 


estimate  of  the  diameter  of  a  molecule. 
Independently  of  him  and  of  each  other, 
Mr.  Stoney,  in  1868,  and  Sir  W.  Thomson, 
in  1870,  pubhshed  results  of  a  similar  kind, 
those  of  Thomson  being  deduced  not  only 
in  this  way,  but  from  considerations  de- 
rived from  the  thickness  of  soap  bubbles, 
and  from  the  electric  properties  of  metals. 

According  to  the  table,  which  I  have  cal- 
culated from  Loschmidt' s  data,  the  size  of 
the  molecules  of  hydrogen  is  such  that 
about  two  million  of  them  in  a  row  would 
occupy  a  millimetre,  and  a  million  million 
million  million  of  them  would  weigh  be- 
tween four  and  five  grammes. 

In  a  cubic  centimetre  of  any  gas  at  stand- 
ard pressure  and  temperature  there  are 
about  nineteen  million  million  million  mole- 
cules. All  these  numbers  of  the  third  rank 
are,  I  need  not  tell  you,  to  be  regarded  as 
at  present  conjectural.  In  order  to  warrant 
us  in  putting  any  confidence  in  numbers 
obtained  in  this  way,  we  should  have  to 
compare  together  a  greater  number  of  in- 
dependent data  than  we  have  as  yet  ob- 
tained, and  to  show  that  they  lead  to  con- 
sistent results. 

Thus  far  we  have  been  considering 
molecular  science  as  an  inquiry  into  natural 
phenomena.  But  though  the  professed 
aim  of  all  scientific  work  is  to  unravel  the 
secrets  of  nature,  it  has  another  effect,  not 
less  valuable,  on  the  mind  of  the  worker. 
It  leaves  him  in  possession  of  methods 
which  nothing  but  scientific  work  could 
have  led  him  to  invent,  and  it  places  him 
in  a  position  from  which  many  regions  of 
nature,  besides  that  which  he  has  been 
studying,  appear  under  a  new  aspect. 

The  study  of  molecules  has  developed  a 
method  of  its  own,  and  it  has  also  opened 
up  new  views  of  nature. 

When  Lucretius  wishes  us  to  form  a 
mental  representation  of  the  motion  of  at- 
oms, he  tells  us  to  look  at  a  sunbeam  shining 
through  a  darkened  room  (the  same  instru- 
ment of  research  by  which  Dr.  Tyndall 
makes  visible  to  us  the  dust  we  breathe), 
and  to  observe  the  motes  which  chase  each 
other  in  all  directions  through  it.  This 
motion  of  the  visible  motes,  he  tells  us,  is 
but  a  result  of  the  far  more  complicated 
motion  of  the  invisible  atoms  which  knock 
the  motes  about.  In  his  dream  of  nature, 
as  Tennyson  tells  us,  he 

"  saw  the  flaring  atom-streams 
And  torrents  of  her  myriad  universe, 
Ruining  along  the  illimitable  inane, 
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Fly  on  to  clash  together  again,  and  make 
Another  and  another  frame  of  things 
Forever." 

And  it  is  no  wonder  that  he  should  have 
attempted  to  burst  the  bonds  of  fate  by 
making  his  atoms  deviate  from  their  courses 
at  quite  uncertain  times  and  places,  thus 
attributing  to  them  a  kind  of  irrational 
free  will,  which,  on  his  materialistic  theo- 
ry, is  the  only  explanation  of  that  power  of 
voluntary  action  of  which  we  ourselves  are 
conscious. 

As  long  as  we  have  to  deal  with  only 
two  molecules,  and  have  all  the  data  given 
us,  we  can  calculate  the  result  of  their  en- 
counter ;  but  when  we  have  to  deal  with 
millions  of  molecules,  each  of  which  has 
millions  of  encounters  in  a  second,  the 
complexity  of  the  problem  seems  to  shut 
out  all  hope  of  a  legitimate  solution. 

The  modern  atomists  have  therefore 
adopted  a  method  which  is,  I  believe,  new 
in  the  department  of  mathematical  physics, 
though  it  has  long  been  in  use  in  the  Sec- 
tion of  Statistics.  When  the  working 
members  of  Section  F  get  hold  of  a  Eeport 
of  the  Census  or  any  other  document  con- 
taining the  numerical  data  of  Economic 
and  Social  Science,  they  begin  by  distrib- 
uting the  whole  population  into  groups,  ac- 
cording to  age,  income  tax,  education,  reli- 
gious belief,  or  criminal  convictions.  The 
number  of  individuals  is  far  too  great  to 
allow  of  their  tracing  the  history  of  each 
separately,  so  that,  in  order  to  reduce  their 
labor  within  human  limits,  they  concen- 
trate their  attention  on  a  small  number  of 
artificial  groups.  The  varying  number  of 
individuals  in  each  group,  and  not  the  va- 
rying state  of  each  individual,  is  the  pri- 
mary datum  from  which  they  work. 

This,  of  course,  is  not  the  only  method  of 
studying  human  nature.  We  may  observe 
the  conduct  of  individual  men  and  compare 
it  with  that  conduct  which  their  previous 
character  and  their  present  circumstances, 
according  to  the  best  existing  theory,  would 
lead  us  to  expect.  Those  who  practise  this 
method  endeavor  to  improve  their  knowl- 
edge of  the  elements  of  human  nature  in 
much  the  same  way  as  an  astronomer  cor- 
rects the  elements  of  a  planet  by  comparing 
its  actual  position  with  that  deduced  from 
the  received  elements.  The  study  of  hu- 
man natnre  by  parents  and  schoolmasters, 
by  historians  and  statesmen,  is,  therefore, 
to  be  distinguished  from  that  carried  on  by 
registrars    and   tabulators,    and   by   those 


statesmen  who  put  their  faith  in  figures. 
The  one  may  be  called  the  historical,  and 
the  other  the  statistical  method. 

The  equations  of  dynamics  completely 
express  the  laws  of  the  historical  method  as 
applied  to  matter,  but  the  application  of 
these  equations  implies  a  perfect  knowledge 
of  all  the  data.  But  the  smallest  portion  of 
matter  which  we  can  subject  to  experiment 
consists  of  millions  of  molecules,  not  one  of 
which  even  becomes  individually  sensible  to 
us.  We  cannot,  therefore,  ascertain  the  actual 
motion  of  any  one  of  these  molecules,  so 
that  we  are  obliged  to  abandon  the  strict 
historical  method,  and  to  adopt  the  statisti- 
cal method  of  dealing  with  large  groups  of 
molecules. 

The  data  of  the  statistical  method  as  ap- 
plied to  molecular  science  are  the  sums  of 
large  numbers  of  molecular  quantities.  In 
studying  the  relations  between  quantities 
of  this  kind,  we  meet  with  a  new  kind  of 
regularity,  the  regularity  of  averages,  which 
we  can  depend  upon  quite  sufficiently  for 
all  practical  purposes,  but  which  can  make 
no  claim  to  that  character  of  absolute  preci- 
sion which  belongs  to  the  laws  of  abstract 
dynamics. 

Thus  molecular  science  teaches  us  that 
our  experiments  can  never  give  us  anything 
more  than  statistical  information,  and  that 
no  law  deduced  from  them  can  pretend  to 
absolute  precision.  But  when  we  pass 
from  the  contemplation  of  our  experiments 
to  that  of  the  molecules  themselves,  we 
leave  the  world  of  chance  and  change,  and 
enter  a  region  where  everything  is  certain 
and  immutable. 

The  molecules  are  conformed  to  a  con- 
stant type  with  a  precision  which  is  not  to 
be  found  in  the  sensible  properties  of  the 
bodies  which  they  constitute.  In  the  first 
place  the  mass  of  each  individual  molecule, 
and  all  its  other  properties,  are  absolutely 
unalterable.  In  the  second  place  the  pro- 
perties of  all  molecules  of  the  same  kind 
are  absolutely  identical. 

Let  us  consider  the  properties  of  two 
kinds  of  molecules,  those  of  oxygen  and 
those  of  hydrogen. 

We  can  procure  specimens  of  oxygen 
from  very  different  sources — from  the  air, 
from  water,  from  rocks  of  every  geological 
epoch.  The  history  of  these  specimens  has 
been  very  different,  and  if,  during  thousands 
of  years,  difference  of  circumstances  could 
produce  difference  of  properties,  these  speci- 
mens of  oxygen  would  show  it. 


MOLECULES. 


537 


In  like  manner  we  may  procure  hydrogen 
from  water,  from  coal,  or^  as  Graham  did, 
from  meteoric  iron.  Take  two  litres  of  any 
specimen  of  hydrogen,  it  will  combine  with 
exactly  one  litre  of  any  specimen  of  oxygen, 
and  will  form  exactly  two  litres  of  the  va- 
por of  water. 

Now  if,  during  the  whole  previous  history 
of  either  specimen,  whether  imprisoned  in 
the  rocks,  flowing  in  the  sea,  or  careering 
through  unknown  regions  with  the  meteo- 
rites, any  modification  of  the  molecules  had 
taken  place,  these  relations  would  no  longer 
be  preserved. 

But  we  have  another  and  an  entirely  dif- 
ferent method  of  comparing  the  properties 
of  molecules.  The  molecule,  though  in- 
destructible, is  not  a  hard  rigid  body,  but 
is  capable  of  internal  movements,  and  when 
these  are  excited  it  emits  rays,  the  wave- 
length of  which  is  a  measure  of  the  time  of 
vibration  of  the  molecule. 

By  means  of  the  spectroscope  the  wave- 
lengths of  different  kinds  of  light  may  be 
compared  to  within  one  ten- thousandth  part. 
In  this  way  it  has  been  ascertained,  not 
only  that  molecules  taken  from  every  speci- 
men of  hydrogen  in  our  laboratories  have 
the  same  set  of  periods  of  vibration,  but 
that  light,  having  the  same  set  of  periods 
of  vibration,  is  emitted  from  the  sun  and 
from  the  fixed  stars. 

"We  are  thus  assured  that  molecules  of 
the  same  nature  as  those  of  our  hydrogen 
exist  in  those  distant  regions,  or  at  least 
did  exist  when  the  light  by  which  we  see 
them  was  emitted. 

From  a  comparison  of  the  dimensions  of 
the  buildings  of  the  Egyptians  with  those 
of  the  Greeks,  it  appears  that  they  have  a 
common  measure.  Hence,  even  if  no  an- 
cient author  had  recorded  the  fact  that  the 
two  nations  employed  the  same  cubit  as  a 
standard  of  length,  we  might  prove  it  from 
the  buildings  themselves.  We  should  also 
be  justified  in  asserting  that  at  some  time 
or  other  a  material  standard  of  length 
must  have  been  carried  from  one  country 
to  the  other,  or  that  both  countries  had 
obtained  their  standards  from  a  common 
source. 

But  in  the  heavens  we  discover  by  their 
light,  and  by  their  light  alone,  stars  so  dis- 
tant from  each  other  that  no  material  thing 
can  ever  have  passed  from  one  to  another, 
and  yet  this  light,  which  is  to  us  the  sole 
evidence  of  the  existence  of  these  distant 
worlds,  tells  us  also  that  each  of  them  is 


built  up  of  molecules  of  the  same  kinds  as 
those  which  we  find  on  earth.  A  molecule 
of  hydrogen,  for  example,  whether  in  Sirius 
or  in  Arcturus,  executes  its  vibrations  in 
precisely  the  same  time. 

Each  molecule,  therefore,  throughout  the 
universe,  bears  impressed  on  it  the  stamp  of 
a  metric  system  as  distinctly  as  does  the 
metre  of  the  Archives  of  Paris,  or  the 
double  royal  cubit  of  the  Temple  of  Kar- 
nac. 

No  theory  of  evolution  can  be  formed  to 
account  for  the  similarity  of  molecules,  for 
evolution  necessarily  implies  continuous 
change,  and  the  molecule  is  incapable  of 
growth  or  decay,  of  generation  or  destruc- 
tion. 

None  of  the  processes  of  Nature,  since 
the  time  when  Nature  began,  have  produced 
the  slightest  difference  in  the  properties  of 
any  molecule.  We  are  therefore  unable  to 
ascribe  either  the  existence  of  the  molecules 
or  the  identity  of  their  properties  to  the  op- 
eration of  any  of  the  causes  which  we  call 
natural. 

On  the  other  hand,  the  exact  quality 
of  each  molecule  to  all  others  of  the 
same  kind  gives  it,  as  Sir  John  Her- 
schell  has  well  said,  the  essential  charac- 
ter of  a  manufactured  article,  and  pre- 
cludes the  idea  of  its  being  eternal  and 
self  existent. 

Thus  we  have  been  led,  along  a  strictly 
scientific  path,  very  near  to  the  point  at 
which  Science  must  stop.  Not  that  Science 
is  debarred  from  studying  the  internal  me- 
chanism of  a  molecule  which  she  cannot 
take  to  pieces,  any  more  than  from  investi- 
gating an  organism  which  she  cannot  put 
together. 

But  in  tracing  back  the  history  of 
matter,  Science  is  arrested  when  she  as- 
sures herself,  on  the  one  hand,  that  the 
molecule  has  been  made,  and  on  the  other 
that  it  has  not  been  made  by  any  of  the 
processes  we  call  natural. 

Science  is  incompetent  to  reason  upon 
the  creation  of  matter  itself  out  of  noth- 
ing. We  have  reached  the  utmost  limit 
of  our  thinking  faculties  when  we  have 
admitted  that  because  matter  cannot  be 
eternal  and  self-existent  it  must  have  been 
created. 

It  is  only  when  we  contemplate,  not  mat- 
ter in  itself,  but  the  form  in  which  it  actu- 
ally exists,  that  our  mind  finds  something 
on  which  it  can  lay  hold. 

That  matter,  as  such,  should  have  cer- 
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tain  fundamental  properties — that  it  should 
exist  in  space  and  be  capable  of  motion ; 
that  its  motion  should  be  persistent,  and  so 
on,  are  truths  which  may,  for  anything  we 
know,  be  of  the  kind  which  metaphysicians 
call  necessary.  We  may  use  our  knowl- 
edge of  such  truths  for  purposes  of  deduc- 
tion, but  we  have  no  data  for  speculating  as 
to  their  origin. 

But  that  there  should  be  exactly  so  much 
matter  and  no  more  in  every  molecule  of 
hydrogen  is  a  fact  of  a  very  different  order. 
We  have  here  a  particular  distribution  of 
matter — a  "collocation" — to  use  the  ex- 
pression of  Dr.  Chalmers,  of  things  which 
we  have  no  difficulty  in  imagining  to  have 
been  arranged  otherwise. 

The  form  and  dimensions  of  the  orbits  of 
the  planets,  for  instance,  are  not  determined 
by  any  law  of  nature,  but  depend  upon  a 
particular  collocation  of  matter.  The  same 
is  the  case  with  respect  to  the  size  of  the 
earth,  from  which  the  standard  of  what  is 
called  the  metrical  system  has  been  de- 
rived. But  these  astronomical  and  terres- 
trial magnitudes  are  far  inferior  in  scien- 
tific importance  to  that  most  fundamental 


of  all  standards  which  forms  the  base  of  the 
molecular  system.  Natural  causes,  as  we 
know,  are  at  work,  which  tend  to  modify,  if 
they  do  not  at  length  destroy,  all  the  ar- 
raugements  and  dimensions  of  the  earth  and 
the  whole  solar  system.  But  though  in  the 
course  of  ages  catastrophes  have  occurred 
and  may  yet  occur  in  the  heavens,  though 
ancient  systems  may  be  dissolved  and  new 
systems  evolved  out  of  their  ruins,  the 
molecules  out  of  which  these  systems 
are  built — the  foundation  stones  of  the 
material  universe — remain  unbroken  and 
unworn. 

They  continue  this  day  as  they  were  cre- 
ated, perfect  in  number  and  measure  and 
weight,  and  from  the  ineffaceable  charac- 
ters impressed  on  them  we  may  learn  that 
those  aspirations  after  accuracy  in  measure- 
ment, truth  in  statement,  and  justice  in  ac- 
tion, which  we  reckon  among  our  noblest 
attributes  as  men,  are  ours  because  they 
are  essential  constituents  of  the  image  of 
Him  who,  in  the  beginning,  created  not 
only  the  heaven  and  the  earth,  but  the 
materials  of  which  heaven  and  earth  con- 
sist. 


Table  of  Molecular  Data. 


Hydrogen. 

Oxygen. 

Carbonic  oxide. 

Carbonic  acid. 

Rank  I.- 

Mass  of  molecule  (hydrogen  =  1) 
-Velocity  (of  mean  square),  metres 

second  at  0°  C 

Mean  path,  tenth-metres 

perj_ 

1 

1859 

965 

17750 

5.8 

46 

16 

465 

560 

7646 

7  6 

736 

14 

497 

482 

9489 

8  3 

644 

22 
396 
379 

Rank  II 

— Collisions  in  a  second  (millions)  . . 

Diameter,  tenth-metre 

. — Mass,  twenty -fifth  grammes .... 

9720 

Rank  III 

9  3 
1012 

Table  of  Diffusion :    — n  imere —  measure, 
second 


Calculated. 

Observed. 

H&  O 

0.7086 
0.6519 
0.5575 
0  1807 
0.1427 
0.1386 
1.2990 
0.18S4 
0 . 1748 
0.1087 

0.7214 

0.6422 

0.5558 

0.18u2 

0.1409 

0.1406 

1.49 

0.213 

0.212 

0.117 

0  256 

1.077 

0.183 

1 
| 
J- Diffusion  of  matter  observed  by  Loschmidt. 

H&CO 

H  &  CO> 

O  &CO 

O  &C02 

\ 

}■  Diffusion  of  momentum,  Graham  and  Mever. 

J 

) 

CO  & C02   

H 

O 

CO 

co2 

Air 

j-  Diffusion  of  temperature  observed  by  Stefan. 

Cane  sugar  in  water. 
Diffusion  in  a  day 
Salt  in  water .... 


0.00000365)  v  ., 
0.3144  |Voit- 
0.00000116    Fick. 
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From  "Iron. 


An  extended  manipulation  and  study  of 
this  alloy  has  resulted  in  a  more  complete 
knowledge  of  its  general  properties,  and, 
consequently,  has  led  to  greater  perfection 
in  its  application.  A  greater  resistance 
and  elasticity  have  been  discovered  than 
had  been  previously  accomplished,  and  with 
these  there  has  been  acquired  a  method  of 
producing,  with  ease  and  certainty,  an  alloy 
in  which  one  or  other  of  these  qualities  are 
predominant,  combined  with  a  durability 
that  can  be  regulated  according  to  the  work 
to  which  it  is  to  be  applied. 

Por  the  purpose  of  illustrating  these  re- 
sults, we  quote  the  following  experiments 
made  by  Mr.  Kirkaldy,  simply  noting 
that  while  the  composition  of  the  metal  was 
in  each  case  identical,  its  preparation  was 
subject  to  certain  modifications.  In  the 
following  table  the  absolute  resistance  in 
English  avoirdupois  pounds  per  square 
inch,  the  elastic  resistance  in  the  same  terms, 
and  the  permanent  elongation  per  cent.,  are 
aiforded. 


Absolute  resist- 

Resistance of 

Permanent 

Allov. 

ance  in  pound.? 

elasticity  in 

elongation 

per  sq.  in. 

pounds  per sq.  in. 

per  cent. 

1 

74.966 

5\800 

3.53 

2 

73,987 

55.200 

::;  20 

3 

63,653 

40,500 

9  40 

4 

54,060 

26,300 

31  30 

5 

50,120 

21,700 

59.10 

In  Prussia  the  Minister  of  Public  Works, 
impressed  with  the  important  properties  of 
this  alloy,  has  in  the  public  interest,  ordered 
a  series  of  experiments  to  be  undertaken 
similar  to  those  which,  some  eight  years 
ago,  were  tried  on  metals  employed  in  some 
departments  of  railway  materiel.  We  may 
refer  to  the  more  importaut  results  of  these 
experiments. 

It  was  formerly  believed,  and  this  opin- 
ion has  been  verified  by  the  Berlin  ex- 
periments, that  both  steel  and  iron,  after 
being  repeatedly  subjected  to  traction,  tor- 
sion, or  flexion,  inferior  to  their  supposed 
absolute  power  of  resistance,  at  last  break, 
even  at  a  much  less  strain  than  is  due  to 
them,  most  probably  owing  to  a  change  of 
their  molecular  structure.  These  experi- 
ments   have    shown   that   the    number    of 


strains  of  tension,  deflection,  and  torsion 
that  a  metal  can  bear  is  in  the  inverse  ratio 
of  the  amount  of  force  to  which  they  have 
been  subjected. 

The  Prussian  Government  wish  to  prove 
that  a  metal,  whose  absolute  and  elastic 
resistance  has  been  determined,  can  sup- 
port with  perfect  security  a  definite  number 
of  tests  equally  determined,  and  inferior  to 
the  units  of  resistance.  Consequent  on  this 
they  resolve  that  any  portion  of  such  ma- 
terial, as,  for  example,  an  axle,  should  only 
be  submitted  to  a  limited  service  in  regard 
to  time,  partly  because  of  the  resistance  of 
the  metal  employed,  and  also  in  regard  to 
the  curves  it  has  to  pass  over.  MM.  Keu- 
leaux  and  Spangenberg  have  been  em- 
ployed by  the  Government  to  carry  out  the 
experiments  incident  to  the  question.  Those 
who  are  desirous  of  knowing  the  manner 
in  which  the  trials  were  to  be  conducted, 
and  the  apparatus  to  be  employed,  are  re- 
ferred to  a  work  by  M.  A.  Wohler,  entitled 
"  Uber  die  festigkeitsversuche  mit  Eisen 
und  Staid,"  Berlin,  1870,  Ernst  u.  Koin. 

In  the  fire  experiments,  instituted  by  way 
of  comparison  between  the  phosphor  and 
ordinary  bronze,  begun  in  April,  1873,  and 
ended  towards  the  middle  of  May,  the 
phosphor-bronze  had  been  subjected  to 
408,239  efforts  of  tension,  with  a  force  of 
200  quintals  per  square  inch,  while  the  first 
bar  of  common  bronze  was  broken  before  it 
could  be  submitted  to  the  strain,  and  a  sec- 
ond resisted  only  4,200  of  such  efforts. 

A  second  bar  of  phosphor-bronze,  loaded 
with  250  quintals  per  square  inch,  has  sus- 
tained continuously  147,840  efforts  without 
fracture. 

In  an  experiment  on  bending  or  flexure,  it 
was  found  that,  with  a  maximum  strain  of 
200  quintals  on  its  external  fibres,  a  bar  of 
phosphor-bronze  broke,  but  only  in  respect 
to  its  external  fibres,  where  the  greatest 
amount  of  tension  took  place,  and  after 
862,980  flexions;  while  a  similar  bar  of 
ordinary  bronze  broke  completely  after 
102,650.  Lastly,  a  bar  of  phosphor-bronze, 
bearing  a  strain  of  180  quintals  per  square 
inch,  was  submitted  to  1,260,000  flexions 
without  showing  signs  of  deterioration. 

A  kind  of  phosphor-bronze,  made  of  ma- 
terials intended  especially  to  bear  the  effects 
j  of  friction,  has  been  employed  for  several 
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years  by  railway  companies,  especially  the 
Great  Central  of  Belgium,  which  has  adopt- 
ed it  exclusively  for  numerous  purposes 
where  great  friction  is  incident.  It  has 
been  found  by  Belgian  and  Prussian  firms 
that  in  its  use  for  axle  and  similar  bearings 
its  durability  is  equal  to  five  times  that  of 
ordinary  bronze.  The  following  are  some 
of  its  special  applications  for  industrial  and 
other  purposes : — 

PINIONS  AND  TOOTH- WHEELS. 

MM.  Y.  Gelliaux  at  Charleroi,  Blondiaux 
at  Thy-le-Chateau,  Thorneycroft  at  Wol- 
verhampton, De  Wendel  at  Hayange, 
among  many  others,  have  used  pinions  and 
tooth-wheels  made  of  phosphor-bronze  in 
instances  where  the  separate  parts  might 
run  the  risk  of  sudden  and  violent  shocks. 
They  have  proved  that  such  pinions  never 
break,  while  it  is  found  in  long  practice  that 
the  teeth  last  double  the  time  of  those  made 
of  ordinary  bronze.  Bemarks  on  this  point 
will  be  found  in  the  "  Bulletin  du  Musee 
de  l'Industrie."  The  alloy  has,  for  similar 
reasons,  been  much  employed  for  various 
horological  purposes. 

TUTEEES. 

An  article  appeared  in  the  "Bulletin  du 
Musee  de  l'Industrie  "  speaking  highly  in 
praise  of  the  use  of  phosphor-bronze  as  a 
material  for  tuyeres.  It  proved  that  they 
last  far  longer  than  similar  tuyeres  of  ordi- 
nary  bronze,   and    that   after  a  yeai's  use 


they  presented  neither  sign  of  fissure  nor 
incrustation  by  scoriae  of  the  furnace.  These 
tuyeres  have  been  tried  in  England  and 
France,  and  in  Germany  their  use  has  be- 
come greatly  extended. 

PUMP  CYLINDEBS,   ETC. 

The  great  resistance  which  phosphor- 
bronze  possesses  makes  it  highly  suitable  for 
the  construction  of  barrels  of  all  kinds  of 
pumps,  but  especially  for  hydraulic  presses. 
Mr.  Merryweather,  of  London,  has  em- 
ployed it  in  the  construction  of  all  the 
steam  fire  engines  that  he  has  placed  at  the 
disposal  of  the  authorities  of  the  Vienna 
Exhibition.  Messrs.  Mackean  and  Co.  have 
extensively  employed  it"  for  various  pur- 
poses in  their  contract  for  works,  in  connec- 
tion with  the  St.  Gothard  Tunnel  construc- 
tion. 

PISTON    PACKING. 

The  application  of  phosphor-bronze  has 
given  excellent  results  for  this  purpose.  Its 
great  elasticity  and  the  small  amount  of 
friction  of  its  surface  gives  it  much  advan- 
tage over  the  ordinary  steel  packing. 

WIEE. 

The  great  elasticity  and  tenacity  of  the 
phosphor-bronze  gives  it  at  least  an  equal 
value,  as  a  wire,  with  any  other  metal  sus- 
ceptible of  being  drawn.  This  is  shown 
by  the  following  table,  which  gives  the  re- 
sults of  Mr.  Kirkaldy's  experiments  : — 


Metal  used. 

Resistance  per  square  inch  in 
pounds  avoirdupois. 

[  Number  of  tors 
of  fiye 

ons  in  a  length 
inches. 

Final  elongation 

Drawn. 

Annealed. 

Drawn. 

Annealed. 

per  cent. 

Phosphor-bronze 

102,750 
120,957 
120,950 
139,141 
159,515 
151,319 

63,122 
120,976 

65,834 

49,351 
47.7*7 
53,381 
54,153 
58,853 
64,569 
37.002 
74,637 
46,160 

6.7 
22.3 
13  0 
17.3 
13.3 
15.8 
86.7 
22.4 
48.0 

87 
52 
124 
53 
66 
60 
96 
79 
87 

37.5 
34.1 

c:              (< 

42.4 

(C                  it 

44.9 
46  6 

42  8 

Copper 

Steel  

Best  charcoal  iron 

34.1 
10.9 

28  0 

WIEE  CABLES  AND  EOPES. 

Owing  to  its  great  resistance  and  elas- 
ticity, phosphor-bronze  has,  with  other 
alloys  of  copper,  the  advantage  of  not  be- 
coming crystalline  under  the  action  of  re- 
peated shocks,  as  is  the  case  with  iron  and 
steel.  It  is,  therefore,  eminently  fitted  for 
making  wire  rope,  as  a  core  for  submarine 


cables  and  inland  wires,  etc.  The  first  cost 
is,  perhaps,  high,  but  this  is  more  than 
counterbalanced  by  the  length  of  time  that 
a  wire  of  phosphor-bronze  retains  its  es- 
sential qualities.  The  material  is  unacted 
on  by  corrosive  liquids  as  found  in  mines, 
etc.,  and  also  is  not  subject  to  atmospheric 
action. 
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SHEETS,  ETC. 

Phosphor-bronze  is  readily  rolled  or 
beaten  out  into  sheets.  In  Russia  it  has 
been  used  as  a  material-  for  cartridge 
sheathing,  and  specimens  have  stood  120 
trials  without  tearing.     Sheets  of  the  alloy 


1  stand  the  action  of  sea  water  much  better 
than  copper.     In  a  comparative  experiment 

I  made    at   Blankenberghe,    lasting   over   a 

j  period  of  six  months,  between  the  best 
English  copper  and  phosphor-bronze,  the 

|  following  results  were  arrived  at : — 


Thickness  of  the  sheets  =  0  236  in. 

Weight  before  im- 
mersion in  pounds. 

Loss  of  weight. 
Weight  after  im- 

mersion in  po  inds. 

|  In  pounds. 

Per  cent. 

Sheet  of  copper 

Ditto 

Sheet  of  phosphor-bronze 

Ditto....    .... 

74.4 

88.9 

69.5 

114.3 

72.2                        2  2 

86.2                        2.7 

(8.75                      0.75 

112.97                      1.33 

3  015 
3  100 
1  123 

1  195 

The  loss  in  weight,  therefore,  due  to  the 
oxidizing  action  of  sea  water  during  the 
six  months'  trial,  averaged  for  the  English 
copper  3.058  per  cent.,  while  that  of  the 
phosphor-bronze  was  but  1.158  per  cent. 

It  was  desirable  to  ascertain  the  resis- 
tance of  the  alloy  to  the  chemical  action  of 
dilute  sulphuric  acid.  For  this  purpose,  on 
the  22d  of  last  April,  two  similar  sheets 
of  copper  and  phosphor-bronze  were  im- 
mersed in  acid  water  of  10  deg.  Baume 
strength,  and  at  the  temperature  of  the 
surrounding  atmosphere.  On  the  28th  of 
July  it  was  found  that  the  copper  had  lost 
4.15  per  cent.,  and  the  phosphor-bronze  only 
2.3  per  cent. 

Several  Governments  have  experimented 
on  the  use  of  the  alloy  for  making  cannons. 
Without  any  exception,  the  result  showed  a 
much  greater  resisting  power  over  that  pos- 
sessed by  ordinary  bronze.  The  following 
instances  of  the  results  arrived  at  will  be  of 
general  interest. 

In  Belgium  the  ordinary  bronze  gun 
burst  at  the  second  shot,  with  a  charge  of 
1  k.  250  gr.  (2|  lbs.)  of  powder  and  a  cy- 
lindrical projectile  weighing  8  k.  518  gr. 
(18J  lbs.).  The  phosphor-bronze  gun  sup- 
ported this  charge  perfectly  ;  the  normal 
charge  was  500  gr.  (1  l-10th  lb.)  of  powder, 
and  3  k.  (6  2-3ds)  of  projectile. 

In  Erance,  the  ordinary  bronze  gun  burst 


!  at  the  second  shot,  with  a  charge  of  1  k. 
500  gr.  m  lbs.)  of  powder  and  16  HI.  (35 J 
lbs.)  of  projectile,  while  the  phosphor- 
bronze  gun  was  fired  five  times  with  this 
charge,  and  burst  at  the  second  shot  with 
1  k.  750  gr.  (3|  lbs.)  of  powder,  and  a  pro- 
jectile of  20  kil.  (44  lbs.),  owing  to  the 
wedging  of  this  in  the  barrel.  The  normal 
charge  was  0  kil.  550  gr.  (If  lbs.)  of  pow- 
der and  a  bomb  of  4  kil.  (8  4-5ths  lbs.). 

In  Prussia  it  was  shown  in  firing  with 
the  regulation  charges,  and  diminishing,  at 
each  50  shots,  the  exterior  diameter  of  the 
chamber,  that  the  phosphor-bronze  cannons 
changed  only  their  dimensions  when  the 
thickness  of  the  metal  was  below  that  of  the 
dimension  of  a  cannon  of  the  same  calibre 
made  of  steel. 

The  Belgian  Government  has  adopted 
the  phosphor-bronze  for  small  arms,  and 
for  the  harness  buckles  of  all  the  cavalry. 

Besides  the  Societe  Montefiore-Levi  and 
Co.,  at  Yal-Benoit,  Liege,  three  other  com- 
panies have  been  formed  for  the  introduc- 
tion and  sale  of  phosphor-bronze,  viz.,  in 
Germany  there  is  G.  Hosser  and  Co.,  at 
Iserlohn  ;  in  the  United  States  the  Phos- 
phor-Bronze Company,  at  Pittsburg ;  and 
in  England  the  Phosphor-Bronze  Company, 
110  Cannon  Street,  London,  the  latter  hav- 
ing contributed  complete  specimens  to  the 
Exhibition  at  Kensington. 


WATEK-POWEK. 

From  "The  Engineer." 

The  high  price  of  coal  seriously  affects  at  !  power  required  to  drive  their  factories  or 
this  moment  the  property  of  certain  indi-  workshops.  It  is  to  the  last  degree  un- 
viduals,  firms,  and  companies,  who  rely  j  likely  that  any  material  reduction  will  be 
solely  on  fuel   for   the   production  of  the  I  effected  in  the  price  of  coal ;  but  it  is  cer- 
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tain  that  if  England  is  to  hold  her  own  with 
other  nations,  power  must  in  the  future  take 
the  place  of  manual  labor  day  by  day  to  a 
greater  extent.  There  are  branches  of  man- 
ufacture, sources  of  national  wealth,  such 
as  iron-making,  which  cannot  be  carried  on 
at  all  without  fuel ;  but  there  are  other 
branches  of  manufacture,  such  as  cotton 
spinning  and  weaving,  which  require  power 
only,  irrespective  of  the  source  from  which 
it  is  supplied,  and  it  is  to  be  regretted  that 
those  who  carry  on  such  trades  should  in- 
variably resort  to  our  coal-fields  for  the 
power  which  they  require. 

In  numberless  instances  the  steam-en- 
gine could  be  dispensed  with,  and  water- 
power  employed  instead,  if  manufactur- 
ers would  but  recognize  the  fact  that 
water-wheels  or  turbines  close  to  a  mill 
are  not  necessities,  and  that  the  power 
which  resides  in  a  volume  of  falling 
water  can  be  utilized  in  various  ways 
perfectly  practicable  and  ready  of  applica- 
tion, although  they  may  appear  at  first 
sight  to  be  novel  and  impossible.  We  pro- 
pose here  to  call  attention  to  one  or  two 
cases  which  suggest  themselves  to  us  as  af- 
fording examples  of  circumstances  under 
which  water-power  may  be  utilized  with 
great  advantage. 

The  disposal  of  sewage  is  not  perhaps  a 
branch  of  manufacture  except  when  irriga- 
tion is  employed  in  the  production  of  grass, 
and  beef,  and  root  crops  for  the  market; 
but  we  find  that  very  large  sums  are  annu- 
ally spent  in  pumping  sewage  from  a  lower 
to  a  higher  level  in  order  to  get  rid  of 
it,  and  steam-engines  of  great  power  are 
not  unfrequently  employed  for  the  pur- 
pose. 

We  may  cite  the  Metropolitan  Main- 
Drainage  Works  as  an  instance.  But  with- 
out resorting  to  an  unique  case  like  this,  we 
may  point  out  that  hundreds  of  sea-side 
towns  are  now  badly  drained  because  the 
sewage  is  not  delivered  on  the  top  of  the 
tide  to  be  carried  out  to  sea,  but  is  expended 
oa  the  foreshore  at  low  water,  to  be  carried 
back  to  land  as  the  tide  rises ;  and  this  sim- 
ply because  the  cost  of  the  engines  and 
pumps  and  of  the  coal  required  to  put  them 
in  motion  and  pump  the  sewage  up  to  high- 
water  level,  is  greater  than  the  towns  can 
bear.  Yet,  if  engineers  would  but  recog- 
nize the  fact,  nothing  can  be  easier  than  to 
utilize  the  rise  and  fall  of  the  tide  as  a 
means  of  raising  the  sewage  to  the  required 
level. 


To  explain  our  meaning,  let  us  sup- 
pose that  we  have  to  deal  with  a  small 
town  of,  say,  10,000  inhabitants,  on  the  sea- 
side, and  lying  low.  The  sewage  from 
such  a  town  will  probably  be  about  200,000 
gallons  per  day,  and  this  quantity  ought  to 
be  lifted,  say  10  ft.,  to  get  rid  of  it  properly. 
Nothing  more  is  necessary  than  to  construct 
a  couple  of  tanks  on  the  sea- shore,  each  ca- 
pable of  holding  100,000  gallons.  Both  are 
water  and  air-tight.  One  we  shall  call  the 
sewage,  the  other  the  tidal  tank.  A  dis- 
charge pipe  extends  from  the  top  to  nearly 
the  bottom  of  the  sewage  tank,  a  pipe  con- 
nects the  upper  portions  of  both  tanks ;  in 
this  pipe  there  is  a  valve.  The  sewage  for 
12  hours  is  delivered  into  one  tank.  When 
the  tide  is  at  the  highest  the  sea  is  allowed 
to  flow  into  the  tidal  tank.  The  air  com- 
pressed by  the  entrance  of  the  water  is 
forced  into  the  sewage  tank,  and,  pressing 
on  the  surface  of  its  contents,  the  sewage  is 
forced  up  the  discharge  pipe,  and  so  cast 
into  the  sea  at  high  water.  As  the  tide 
falls,  the  sewage  tank  slowly  fills  again,  the 
process  being  repeated  twice  in  the  twenty- 
four  hours.  The  apparatus,  if  properly  con- 
structed, would  work  almost  forever  with- 
out repairs  or  renewal ;  and  suitable  sluices 
being  employed,  could  be  rendered  self-act- 
ing. 

It  must  be  understood,  that  we  have 
just  sketched  the  mere  outline  of  a  plan 
which  will  enable  town  sewage  to  be  got 
rid  of  in  many  instances  in  the  most  satis- 
factory way  without  trouble  or  expense. 
Into  details  it  is  not  now  our  purpose  to  en- 
ter ;  many  of  our  readers  will,  no  doubt,  fill 
them  in  for  themselves  without  difficulty. 
Nor  is  it  to  be  supposed  that  the  operation 
of  such  an  apparatus  must  necessarily  be 
confined  to  the  pumping  of  sewage.  The 
force  of  the  tides  can  be  utilized  in  num- 
berless ways  to  transmit  power  to  a  distance. 
For  example,  a  set  of  accumulators  may, 
without  any  wonderful  expense,  be  arranged 
in  any  tidal  harbor,  which  will  provide  a 
store  of  power  sufficient  for  working  all  the 
dock  cranes  and  other  mechanism.  Thus 
each  accumulator  might  consist  of  a  cylinder 
10  ft.  in  diameter  and  10  ft.  high,  displacing 
roughly  780  cubic  feet.  If  we  take  the 
weight  of  sea  water  at  but  62  lbs.  per  cubic 
foot,  leaving  an  ample  margin  for  friction, 
each  of  these  accumulators  would,  if  fully 
immersed,  lift  48,360  lbs.,  and  if  the  lilt 
were  10  ft.  the  work  done  on  each  by  a  tide, 
which  it  would  restore  as  the  tide  fell,  would 
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amount  to  483,600  foot-pounds.  One  such 
accumulator  would  keep  an  ordinary  wharf 
crane  at  work  half  a  day  in  lifting  light 
loads.  The  extension  of  the  system,  how- 
ever, on  a  large  scale,  would  supply  enor- 
mous power,  easily  transmitted  to  a  moder- 
ate distance,  either  in  the  shape  of  air  or 
water  under  pressure.  Indeed,  there  is  no 
reason  why  all  the  works  in  manufacturing 
towns,  when  the  tide  rises  and  falls  through 
a  wide  range — as  is  the  case,  for  example, 
in  the  Bristol  Channel,  where  tides  40  ft. 
high  are  not  unknown — should  not  be 
worked  by  tidal  agency  alone,  without  the 
aid  of  a  pound  of  coal.  No  doubt  our  ideas 
on  this  subject  will  be  called  impracticable 
by  a  few  individuals,  who,  incapable  of 
originating  a  novel  idea  themselves,  hasten 
invariably  to  condemn  any  proposal  made 
by  others ;  but  it  would  be  as  reasonable  to 
assert  that  it  is  impossible  to  utilize  the 
enormous  power  of  the  tides  for  commercial 
purposes,  as  it  would  be  to  assert  that  steam 
navigation  was  a  chimera  and  railroads  an 
idea. 

But,  abandoning  tidal  power  for  the  mo- 
ment, and  turning  our  attention  to  the  force 
of  our  streams  and  rivers,  we  would  call  at- 
tention to  the  fact  that  in  but  too  many  in- 
stances hundreds,  if  not  thousands,  of  horse- 
power are  being  wasted  year  by  year,  and 
this,  too,  by  men  who  would  gladly  use  it  if 
they  only  knew  how.  For  example,  mills  in 
abundance  may  be  found  erected  either  on 
the  banks  of  rivers  or  two  or  three  miles 
from  them,  the  rivers  being  competent  to 
afford  all  the  power  required  to  drive  them, 
notwithstanding  which,  steam  is  used  in- 
stead at  a  heavy  outlay.  We  can  call  to 
mind  one  instance  where  a  mill,  driven  by 
steam  power,  is  situated  about  two  miles 
below  a  high  fall,  and  on  the  banks  of  a 
river.  The  site  was  selected  because  barges 
can  come  alongside.  The  mill  could  not  be 
brought  to  the  fall  because  the  barges  could 
not  get  up  high  enough.  Steam  power  is 
used  in  consequence,  and  the  force  of  the 
fall  is  wasted.  It  would  have  cost  much 
money  to  construct  an  aqueduct  and  lead 
the  water  for  two  miles  at  a  high  level  to 
the  mill.  But  it  would  have  been  quite 
practicable  to  put  up  a  turbine  or  water- 
wheel  at  the  fall,  and  transmit  the  power 
for  two  miles  across  country  by  the  use  of  a 
wire  rope.  The  total  cost  of  such  a  line  com- 
plete, competent  to  transmit  100-horse  power 
indicated,  would  not  exceed  £800,  unless, 
indeed,  land  had  to  be  purchased.     Under 


ordinary  circumstances,  a  turbine  or  water- 
wheel  capable  of  developing  100-horse 
power  should  not  cost  more  than  £700. 
Thus,  for  an  outlay  of  £1500  about  100- 
horse  power  could  be  had.  A  thoroughly 
good  engine,  with  boilers,  chimney-stalk, 
engine  and  boiler-house,  etc.,  will  not  at 
present  prices  cost  very  much  less  than 
£1500,  if  the  engine  is  to  work  up  to  100- 
horse  power.  The  cost  of  fuel  alone  for 
such  an  engine  working  twenty  hours  a  day 
for  300  days  per  annum,  would  reach 
£1000. 

The  cost  of  maintaining  the  wire-rope 
line  would,  we  have  reason  to  believe, 
not  exceed  one-fourth  of  this  sum ;  and, 
whereas  at  least  four  attendants  would  be 
required  to  look  after  the  engine  in  double 
shifts,  one  man  would  be  quite  competent 
to  attend  to  the  welfare  of  the  rope,  and  to 
look  after  the  lubrication  of  the  supporting 
pulleys,  etc.  This  plan  of  transmitting 
power  by  ropes  from  water-wheels  or  tur- 
bines is  by  no  means  new.  It  has  been 
extensively  employed  on  the  Continent, 
and  it  is  being  adopted  on  no  small  scale 
in  the  United  States.  The  length  of 
rope  used  varies  from  a  couple  of  hun- 
dred yards  up,  and  it  has  never  yet  been 
decided  what  is  the  limit  of  distance  be- 
yond which  a  rope  cannot  be  used  with 
advantage. 

If  we  consider  how  wide  a  range  of  coun- 
try would  be  opened  up  if  only  the  power 
might  be  dispensed  at  a  distance  from  the 
factory,  it  will  be  seen  that  the  extension  of 
the  system  is  likely  to  be  fraught  with  im- 
mense benefit.  For  example,  falls  often  ex- 
ist near  the  foot  of  a  hill,  at  points  al- 
most if  not  quite  inaccessible  for  factory 
purposes,  while  two  or  three  miles  lower 
down  may  be  found  a  thriving  town. 
Here  rope  transmission  would  do  excellent 
service. 

Again,  a  fall  is  two  or  three  miles  from  a 
railway ;  the  factory  must  be  near  the  rail- 
way. If,  then,  power  can  be  led  across  the 
country  to  the  mill  a  great  difficulty  is  dis- 
posed of.  We  have  done  little  more  in  this 
article  than  call  attention  to  a  few  facts 
which  are,  unfortunately,  almost  universally 
overlooked ;  but  we  hope  to  return  to  the 
subject,  and  supply  some  information  as  to 
the  precise  cost  of  wire-power  transmission 
plant,  both  as  regards  its  installation  and 
maintenance,  which  will,  we  trust,  prove  in- 
teresting and  useful  to  many  of  our  read- 
ers. 
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AKMOR  PLATES. 

BtH.   E.  BROWN,  Esq. 
From  the  "  Nautical  Magazine." 


Armor  plates  were  first  used  in  the  con- 
struction of  ships  of  war  in  the  case  of  an 
iron  steam  battery  for  harbor  defence, 
commenced  at  Hoboken,  U.  S  ,  in  1844. 
At  the  suggestion  of  the  Emperor  Napo- 
leon some  floating  batteries,  clad  with  4- 
in.  armor,  were  built  during  the  Crimean 
war,  and  employed  in  some  of  the  opera- 
tions in  the  Black  Sea,  but  these,  as  well 
as  some  built  by  our  own  Admiralty  in  imi- 
tation of  them,  were  of  very  little  use,  on 
account  of  their  clumsy  form,  and  it  was 
not  till  the  advent  of  the  French  La  Gloire 
and  our  own  Warrior  that  it  began  to  be 
seen  that  the  war-ships  of  the  future  would 
be  iron-clads.  In  1861,  when  the  Warrior 
was  built,  it  was  believed  that,  while  the 
thickness  of  her  armor  (4|  in.)  repre- 
sented the  maximum  of  weight  which  a 
seaworthy  steamship  could  carry  on  her 
sides,  it,  at  the  same  time,  provided  a  de- 
fence practically  invulnerable.  Both  these 
views  were  soon  shown  to  be  defective, 
and  it  is  now  seen  to  be  practicable  to 
build,  as  well  as  desirable  to  have,  seago- 
ing masted  ships  with  armor  averaging 
7  in.  in  thickness,  and  in  some  large  ocean 
cruisers,  without  masts,  10  to  12  in.  of  ar- 
mor have  been  used  on  their  sides,  and 
12  to  14  upon  their  turrets.  Nor  does 
this  great  increase  in  the  thickness  of  ar- 
mor constitute  the  sole  advantage  which 
recently  constructed  ironclads  have  over 
the  Warrior.  Besides  the  important  con- 
sideration that  the  armor  is  so  distributed 
over  the  surface  of  some  of  our  latest  iron- 
clads that  a  belt  at  the  water-line  through- 
out the  ship,  and  other  really  important 
parts,  are  protected,  which  is  not  the  case 
with  the  Warrior,  where  merely  the  middle 
portion  of  the  ship  is  ironclad,  it  must  be 
added  that  armor  plates  are  now  better 
made  and  are  fastened  on  the  ship's  side 
much  more  securely  than  formerly.  Exper- 
iments made  at  Shoeburyness,  under  the 
direction  of  a  committee  appointed  for  the 
purpose,  have  furnished  data  upon  which 
have,  from  time  to  time,  been  determined 
the  thickness  and  nature  of  the  backing 
behind  the  armor,  and  the  character  of  the 
fastenings  by  which  the  armor  is  secured 
to  the  ship. 

The  extent  of  surface   to  be  clad  with 


iron  in  any  ship  and  the  thickness  of  her 
armor  are  determined  by  her  designer, 
and  in  reference  to  her  other  qualifications. 
A  model  is  made  at  the  dockyard,  and  on 
it  the  size  and  dimensions  of  the  separate 
plates  are  planned,  and  an  account  of  these 
particulars,  and  also  of  the  form  of  each 
plate,  is  sent  to  the  manufacturer.  Armor 
plates  are  usually  from  15  to  18  ft.  long, 
and  from  3  to  4  ft.  wide.  Two  methods  of 
manufacturiug  them — namely,  hammering 
and  rolling — have  been  tried,  and  each 
has  had  its  advocates,  but  the  Government 
of  this  country  has  decided  in  favor  of  the 
latter,  and  for  the  last  seven  or  eight  years 
all  armor  plates  used  for  the  ships  of  the 
Royal  Navy  have  been  rolled  plates.  The 
firms  who  manufacture  most  of  the 
armor  used  in  the  construction  of  the 
English  ironclads  are  Sir  John  Brown 
&  Co.,  of  the  Atlas  Works,  Sheffield,  and 
Messrs.  Cammell  &  Co.,  of  the  Cyclops 
Works,  Sheffield.  The  Thames  Iron  Com- 
pany, who  were  the  builders  of  the  War- 
rior, still  adhere  to  hammered  in  prefer- 
ence to  rolled  plates,  and  many  ships  built 
for  foreign  Governments  have  this  descrip- 
tion of  armor.  The  process  of  rolling 
plates  is  thus  described  by  Sir  John 
Brown : — "  Bars  12  in.  broad  and  1  in. 
thick  are  first  rolled,  five  of  these  are  then 
piled  on  and  rolled  into  a  rough  slab,  two 
of  these  slabs  are  now  rolled  into  a  plate 
2 1  in.  thick,  and,  finally,  four  of  these  2| 
in.  plates  are  piled  and  then  rolled  into  the 
finished  4J  in.  plate."  It  will  thus  be  seen 
that  pieces  of  iron  of  an  aggregate  thick- 
ness of  20  in.  are,  in  the  process  of  manu- 
facture, rolled  out  into  one  plate  4J  in. 
thick.  The  rolling  is  performed  by  means 
of  two  heavy  cylindrical  rollers,  one  placed 
vertically  over  the  other,  the  lower  one  sus- 
pended at  a  fixed  height,  the  upper  one 
movable  up  or  down,  so  that  the  width  of 
the  opening  between  them  may  be  varied 
at  pleasure.  The  rollers  turn  in  opposite 
directions,  each  towards  the  opening  be- 
tween them  on  the  side  next  the  furnace  in 
which  the  iron  is  heated,  so  that  a  mass  of 
iron  passed  in  between  them  is  forced 
through  by  their  rotation.  They  are  turn- 
ed by  steam  power.  The  rollers  being 
set  at  a  distance    from  each  other  a  little 
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less  than  the  thickness  of  the  iron  in  the 
furnace,  the  heated  metal  is  brought  out 
and  placed  between  them,  and  is  at  once 
rolled  through,  coming  out  on  the  other 
side  reduced  in  thickness,  but  of  increased 
length  and  breadth.  The  distance  between 
the  rollers  is  then  decreased,  and  the  iron 
passed  through  ag.iin,  and  so  on,  until  it  is 
of  the  required  thickness.  By  the  immense 
pressure  thus  brought  to  bear  upon  the 
heated  metals,  the  various  pieces  of  which 
it  is  composed  are  thoroughly  welded  into 
one  mass.  In  the  manufacture  of  ham- 
mered plates  the  welding  is  effected  by 
blows  from  a  steam  hammer,  instead  of  by 
rolling. 

Before  the  plates  are  sent  to  the  dock- 
yard, one  or  more  are  chosen  at  random  by 
a  Government  official  to  be  tested.  The 
testing  is  performed  at  Portsmouth,  on 
board  the  Thunderer,  an  old  wooden  ship. 
The  plates  are  fastened  to  a  target  erected 
at  one  end  of  the  ship,  and  shots  are  fired 
at  them  from  guns  of  prescribed  calibre,  in 
a  battery  at  the  other  end,  the  men  being 
protected  from  the  splinters  of  the  shot  by 
a  casemate.  If  the  plate  does  not  stand 
the  test  satisfactorily,  the  lot  from  which  it 
was  selected  is  rejected.  This  system  of 
tests  secures  as  good  an  article  as  it  is  possi- 
ble to  make.  During  the  first  few  years 
of  the  manufacture  it  was  found  that  the 
plates  were  often  split  and  cracked  by  the 
shot,  in  the  neighborhood  of  the  holes 
which  had  to  be  bored  through  them  for 
the  screws  or  bolts  by  which  they  were  at- 
tached to  1  he  targets.  It  was  thus  assumed 
that  these  holes  were  necessarily  a  source 
of  great  weakness,  and  many  schemes  were 
proposed  for  connecting  plates  with  the 
ship's  side  in  ways  by  which  this  important 
delect  might  be  avoided.  One  was,  that  an 
iron  frame  should  be  attached  to  the  ship, 
and  the  plate  dropped  into  it,  the  edges  of 
the  frame  being  afterwards  beaten  over  to 
secure  the  plate  in  its  place.  The  necessity 
for  anything  of  this  kind  has  been  obviated, 
by  the  great  improvements  which  have  been 
effected  in  the  quality  of  the  armor ;  the 
metal  now  used  is  so  tenacious  that  it  is 
scarcely  any  weaker  in  the  neighborhood  of 
a  bolt-hole  than  in  any  other  place.  The 
superiority  of  the  armor  of  the  present 
day  over  that  made  ten  years  ago  was  fully 
exemplified  in  the  recent  experiments  on 
the  turret  of  the  Glatton.  A  hole  was 
punched  through  one  of  her  14-in.  plates 
by  the  shot,  but  there  was  no  other  damage 
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done  to  the  plate  than  the  mere  penetration. 
Under  similar  circumstances,  in  the  case  of 
plates  experimented  upon  at  Shoeburyness, 
some  years  ago,  there  would  be  seen  large 
cracks  radiating  from  the  shot  hole,  pro- 
ducing a  complete  separation  of  the  plate 
as  far  as  the  nearest  bolt-holes,  and  in 
many  cases  the  armor  plate  would  hive 
been  broken  in  two  or  three  pieces.  The 
price  of  armor  plates,  some  little  time  ago, 
was  about  £30  per  ton  ;  their  value  now  ii 
of  course  subject  to  the  same  fluctuation  as 
that  of  other  iron. 

Armor  plates  are  usually  bent  to  the 
shape  required  by  hydraulic  pressure.  A 
block  of  cast-iron  having  its  upper  sur* 
lace  hollow  (of  the  same  shape  as  the 
armor  plate  is  to  be),  is  placed  upon  the 
piston-rod  of  the  hydraulic  press.  Upon 
this  is  laid  the  armor  plate,  and  above  it 
is  constructed  a  framework  of  iron  bars, 
firmly  fixed,  so  that  their  under  sides  form 
a  surface  of  a  corresponding  shape  to  the 
block  below.  When  the  plate  is  in  its  po- 
sition upon  the  cast-iron  block,  the  pressure 
is  applied,  the  effect  being  that  the  plate  is 
lifted  slowly,  and  brought  in  contact  with 
the  framework  above,  and  so  gradually 
squeezed  into  the  shape  required.  Before 
being  bent,  the  plates  are  carefully  and 
gradually  heated  in  a  furnace,  the  required 
temperature  being  indicated  by  a  bright 
red  color  in  the  iron  ;  if  it  were  made  hotter 
it  would  be  liable  to  be  indented,  or  spread 
out  laterally,  in  the  process  of  bending ;  if 
not  so  hot,  there  would  be  a  danger  of  the 
plate  cracking  when  subject  to  great  pres- 
sure. 

An  important  element  in  the  armoring  of 
ships,  is  the  cushion  of  wood  which  is 
placed  between  the  armor  and  the  main 
structure  of  the  ship.  The  part  of  the 
ship  to  which  the  armor  is  attached  is 
built  up  of  iron  ribs  and  plating,  and  is  so 
constructed  as  to  be  complete,  both  as  rf- 
gards  strength  and  water-tightness,  before 
either  the  armor  or  wood  backing  is  put  on. 
The  armor  is  rather  a  source  of  weakness 
to  the  structure  than  otherwise,  and  if  its 
edges  were  not  accurately  fitted,  so  as  to 
prevent  any  possibility  of  the  plates  moving, 
its  working  would,  in  a  heavy  sea,  seriously 
endanger  the  ship.  In  the  Warrior,  the 
wood  behind  the  armor  is  11  ft.  thick ;  in 
ships  of  more  recent  construction,  it  is  gen- 
erally from  10  to  1'2  in. ;  but,  in  some  cases, 
there  are  two  layers  of  backing  with  an  in- 
termediate iron  skin.     Daring  the  building 
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of  the  earlier  ironclads,  there  was  much 
discussion  about  the  relative  efficiency  of 
different  kinds  of  backing.  Some  very  em- 
inent engineers  and  naval  architects  be- 
lieved that  a  ship's  side  entirely  made  of 
iron  would  offer  more  resistance  to  shot 
than  would  armor  and  wood  backing  of  the 
same  weight  per  square  foot  of  surface— in 
other  words,  that  a  6-in.  armor  plate  was 
more  effective  than  a  5-in.  plate  with  a  9 
in.  thickness  of  teak  backing  behind  it.  It 
was  proved  by  experiment  that  such  was 
not  the  case,  and  that  the  latter  was  much 
superior  to  the  former  arrangement ;  it  is 
possible,  however,  that  the  improved  qual- 
ity of  the  iron,  taken  in  conjunction  with 
the  perishable  nature  of  the  wood,  may  ulti- 
mately lead  to  a  reconsideration  of  the 
whole  question,  and  perhaps  to  the  aban- 
donment of  backing  behind  armor.  Among 
the  various  kinds  of  backing  which  have 
been  proposed  are  india-rubber,  compressed 
cotton  wool,  millboard,  and  even  water  in 
tanks ;  not  one  of  them,  however,  has 
proved  to  be  as  good  as  wood.  Teak  is  the 
kind  of  wood  generally  used,  both  from  its 
durability  and  its  freedom  from  acids,  which 
would  corrode  the  iron.  The  logs  of  teak 
are  usually  placed  on  the  ship's  side  in  the 
direction  of  her  length.  If  there  are  two 
layers,  the  logs  of  the  outer  one  are  ar- 
ranged vertically  so  as  to  cross  the  others. 
The  backing  is  fastened  to  the  iron  skin  of 
the  ship,  and  all  the  seams  in  it  are  well 
caulked  to  add  to  its  rigidity  as  well  as  to 
render  it  water-tight.  Previous  to  an  ar- 
mor plate  being  placed  on  the  ship,  a  coat- 
ing of  a  glue,  manufactured  for  this  pur- 
pose, is  spread  (hot)  upon  the  wood,  the 
surface  of  the  plate  also  being  slightly 
heated,  and  thus  all  inequalities  in  the  at- 
tached surfaces  are  filled  up. 

The  means  of  connecting  the  armor  to 
the  ship  has,  like  almost  every  other  detail 
in  the  construction  of  ironclads,  been  a  fruit- 
ful subject  of  debate.  The  French  use 
large  screws,  which  pass  loosely  through 
holes  in  the  armor  and  into  the  wood  back- 
ing, and  by  the  hold  of  the  screw  in  the 
wood,  keep  the  armor  in  its  place.  A  great 
disadvantage  attending  this  is,  that  in  the 
event  of  the  armor  being  bent  by  shot,  it  is 
all  but  impossible  to  get  the  screws  out. 
In  the  English  ironclads,  bolts  pass  through 
the  armor,  wood  backing,  and  iron  skin  of 
the  ship,  having  a  screw  upon  their  inner 
end,  upon  which  a  nut  is  screwed  up  after 
the  bolt  is  in  its  place.     The  bolt  is  driven 


through  the  wood,  and  has  thus  its  tight- 
ness in  the  wood  as  well  as  the  screw-nut 
on  its  end  to  keep  it  fast.  In  the  French 
system  it  is  found  that  the  effect  of  the 
firing  of  shot  is  to  drag  the  screw  out  of  its 
hole  in  the  wood,  thus  allowing  the  armor 
plate  to  curl  outward,  while,  on  the  other 
hand,  in  the  case  of  the  nut-and-screw  bolt, 
the  bolt  breaks  off  at  its  weakest  point — i.  e., 
the  beginning  of  the  screw.  To  prevent 
this  an  india-rubber  ring  is  placed  upon  the 
bolt,  enclosed  in  an  iron  cup  ring,  and  hav- 
ing another  iron  ring  between  the  india- 
rubber  and  the  screw  nut.  The  elastic  ring 
admits  of  the  bolt  being  drawn  out  slightly 
in  response  to  the  blow  of  a  shot,  and  thus 
tends  to  break  the  shock  which  would  oth- 
erwise cut  the  bolt.  The  danger  to  the  fas- 
tenings of  the  armor  is  produced,  as  has 
been  indicated,  by  the  tendency  which  plates 
have  to  bend  when  struck  by  a  shot.  The 
plate  can  only  be  slightly  forced  in  at  the 
place  where  it  is  struck,  because  of  the  sup- 
port behind  ;  the  consequence  is,  a  tendency 
to  spring  out  on  all  sides  of  the  shot 
mark. 

rlhe  armor  plates  used  by  the  Americans 
in  the  construction  of  their  monitors,  were 
not  welded  together,  as  are  those  used  by 
our  own  Government ;  they  were  made  by 
simply  connecting  thin  plates  together  by 
means  of  rivets — thus,  a  10-in.  plate  would 
be  made  by  riveting  together  ten  1-iu. 
plates.  By  experiment  it  has  been  ascer- 
tained, that  a  good  5-in.  rolled  plate  is 
much  more  capable  of  resisting  shot  than 
10-in.  armor  built  up  in  this  fashion.  In 
conclusion,  it  may  be  remarked,  that  it  is 
not  enough  in  comparing  two  ironclads  of 
similar  design,  to  say  that  they  have  each 
armor  of  a  certain  thickness  ;  the  quality  of 
the  armor  plates,  the  accuracy  with  which 
they  were  fitted  on  the  ship,  and  the  nature 
of  the  fastenings  by  which  they  are  kept  in 
place,  may  so  affect  the  question  as  to  give 
one  ship  a  decided  superiority  over  another 
which  is  said  to  be  as  strong. 


rrnE  Andover  Iron  Company,  Phillips- 
L  burg,  New  Jersey,  has  three  blast 
furnaces,  which  have  been  in  blast  (Aug- 
ust 11)  as  follows:  No.  1  furnace,  7  years 
8  months ;  No.  2  furnace,  6  years  7 
months  ;  No.  3  furnace,  5  years  7  months. 
Is  there  another  furnace  in  the  country 
with  better  "  bottom "  than  either  of 
these  ? 


AERO    STEAM   ENGINES. 


547 


AEEO  STEAM  ENGINES. 

From  "The  Engineer." 


The  use  of  expanding  a'r  instead  of  steam 
as  a  means  of  obtaining  motive  power  has 
long  been  a  favorite  device  with  many  engi- 
neers. Ericsson,  Siemens,  Wenham,  and 
several  others,  have  all  tried  to  construct  a 
really  effective  hot-air  engine ;  and  it  is  not 
too  much  to  say  that  they  have  one  and  all 
failed.  Their  theory  is  perfect,  and  the 
machines  in  working  display  no  marked 
departure  from  the  theory  on  which  their 
principles  of  action  are  based.  Hot-air  en- 
gines have,  indeed,  proved  eminently  eco- 
nomical in  fuel,  and  it  is  therefore  ex- 
tremely desirable  that  they  should  give  as 
much  satisfaction  in  other  respects  to  those 
who  use  them,  but  this  they  have  never  yet 
done.  They  all  fail  because  of  the  diffi- 
culty of  maintaining  efficient  lubrication  in 
the  first  place ;  and  in  the  second,  because 
various  parts  of  the  complete  machine  are 
liable  to  distortion  from  the  long-continued 
action  of  very  high  temperatures  on  the 
metal  of  which  they  are  made.  It  may  be 
taken  for  granted,  that  no  system  of  con- 
structing hot-air  engines  has  yet  been 
brought  prominently  before  the  world  which 
bids  fair  to  be  even  moderately  successful  in 
the  commercial  sense  of  the  word.  As, 
however,  an  air  engine  is  more  economical 
in  principle  and  practice  than  a  steam  en- 
gine, and  as  the  last  is  a  commercially  pos- 
sible machine,  whereas  the  first  is  not,  in- 
ventors have  proposed  to  combine  the  two, 
and  so  to  construct  a  machine,  which,  though 
less  economical  than  a  hot-air  engine,  pure 
and  simple,  as  regards  fuel,  shall  be  more 
economical  than  any  steam  engine.  Sev- 
eral attempts  to  introduce  this  principle 
have  been  made  from  time  to  time  within 
the  last  few  years,  all  with  more  or  less  suc- 
cess, and  it  is  proper  to  say  that  whatever  the 
results  obtained,  whether  satisfactory  as  re- 
gards economy  of  fuel  or  not,  we  have  no 
recorded  instance  where  failure  took  place 
under  the  combined  air  and  steam  system 
from  want  of  efficient  lubrication,  or  be- 
cause of  distortion  or  overheating  of  a  metal 
surface. 

Aero  steam  engines  may  be  divided  into 
three  classes.  In  the  first  we  have  ma- 
chines in  which  the  proportion  of  air  used 
is  very  considerable  as  compared  with  the 
volume  of  the  steam.  In  these  engines, 
indeed,  saturated  steam  is  used  as  a  means 


of  lubricating  the  surfaces  more  than  any- 
thing else,  the  production  of  the  steam  fre- 
quently taking  place  within  the  cylinder, 
the  heated  sides  of  which  evaporate  a  jet  or 
spray  of  water,  thrown  in  at  each  stroke. 
It  is  quite  possible  under  this  arrangement, 
however,  to  use  so  little  water  that  the  en- 
gine becomes  to  all  intents  and  purposes  a 
hot-air  engine  only,  with  all  its  defects.  In 
the  second  class,  we  have  the  air  introduced 
into  the  steam  pipe  or  valve  chest,  and  in 
considerable  quantity;  Parker's  system,  often 
described  in  our  pages,  comes  into  thia 
class.  And,  lastly,  we  have  the  system  un- 
der which  air  is  pumped  into  the  water  hi 
the  boiler;  Warsop's  aero  steam  engine  is 
an  excellent  example  of  this  class.  In  con- 
sidering the  relative  merits  of  the  three  sys- 
tems, regard  must  be  had  to  various  condi- 
tions of  working.  For  the  present  we  may 
almost  disregard  the  first  scheme,  owing  to 
certain  practical  difficulties  not  yet  over- 
come in  proportioning  the  quantity  of  water 
injected  to  the  work  to  be  done,  in  distrib- 
uting it  equally,  and  in  averting  the  risk 
of  injury  which  may  follow  on  the  sudden 
fall  of  temperature  caused  at  the  moment 
the  water  is  injected,  by  its  rapid  evapora- 
tion. There  is,  however,  something  to  be 
said  in  favor  of  the  system  ;  but  we  believe 
that  the  same  end  can  be  attained  with  less 
trouble,  and  far  more  satisfactorily  upon 
the  whole,  by  some  such  arrangement  as 
that  of  Mr.  Parker's,  by  which  the  air  is 
combined  with  the  steam  before  reaching 
the  cylinder.  On  three  distinct  occasions  we 
have  carried  out  elaborate  experiments  with, 
engines  working  on  Parker's  system,  and 
invariably  with  the  same  result,  namely, 
that  if  the  sensible  temperature  of  the  air 
injected  is  brought  up  to  the  sensible  tem- 
perature of  the  steam,  by  utilizing  the 
waste  heat  of  the  flues,  etc. — a  compara- 
tively easy  operation — an  economy  of  from 
25  per  cent,  to  40  per  cent,  may  be  effected 
in  fuel  without  in  any  way  endangering  the 
cylinder.  But  Parker's  system  is  not  ap- 
plicable to  condensing  engines ;  nor  will  a 
Parker  engine,  working,  as  it  must  of  ne- 
cessity do,  at  a  comparatively  low  pressure 
with  a  late  cut-off,  compete  with  a  first- 
class  condensing  engine  working  with  high- 
pressure  steam  and  an  early  cut-off;  but 
this   defect  is  not   due  to  the  use  of  air, 
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but  the  manner  of  using  it.  Mr.  Parker 
uses  an  inducing  current  of  steam  to  take 
the  air  in,  and  the  pressure  of  air  and 
steam  in  the  cylinder  never  exceeds  one- 
third  of  the  boiler  pressure.  However, 
there  are  circumstances,  where  engines  are 
now  working  much  throttled,  to  which  the 
Parker  system  could  be  applied  with  a  di- 
rect saving  of,  as  we  have  said,  from  25  per 
cent,  to  40  per  cent.,  but  it  requires  some 
discrimination  to  say  where  it  may  and 
where  it  may  not  be  applied  with  benefit. 
Of  course,  if  we  give  up  the  induced  current 
device,  and  simply  pump  the  air  into  the 
tsteani  pipe,  we  can  maintain  any  pressure 
we  please  less  than  that  in  the  boiler,  and 
it  will  then  have  to  be  decided  exactly 
how  much  air  it  is  desirable  to  introduce. 
Before  going  further  it  will  be  well  to 
point  out  here  that,  from  some  cause  at 
present  not  completely  explained,  the  mix- 
ture of  a  small  quantity  of  air,  say  6  per 
cent,  or  7  per  cent.,  with  steam,  tends 
powerfully  to  prevent  condensation  in  the 
cylinder.  We  believe  that  this  fact  was 
first  publicly  stated  by  the  late  Professor 
Pankine  in  this  journal.  His  premature 
death  unfortunately  prevented  him  from 
carrying  out  any  experiments  on  the  sub- 
ject ;  but  Prof.  Osborne  Peynolds  has 
done  that  which  Pankine  did  not  live  to 
do,  and  he  has  communicated  the  result 
of  his  experiments  in  a  valuable  paper  to 
the  Poyal  Society.  The  results  arrived  at 
by  Professor  Peynolds  are,  as  we  have  sta- 
ted, that,  speaking  broadly,  an  admixture 
of  about  6  or  7  per  cent,  of  air  with  steam 
tends  powerfully  to  arrest  condensation  and 
promote  economy. 

Peturning  now  to  the  point  we  are  dis- 
cussing, namely,  the  proper  quantity  of 
air  to  introduce,  it  may  be  stated  that  as 
cold  air  should  never  under  any  circum- 
stances be  pumped  in  amongst  the  steam, 
bo,  as  much  air  may  be  used  as  can  be 
supplied  at  the  same  sensible  temperature 
as  the  steam,  the  air  to  be  heated  by  the 
waste  gas  in  the  flues.  Of  course  it  might 
be  possible  in  this  way,  by  using  a  very 
small  boiler  and  a  big  grate,  to  introduce 
more  hot  air  than  would  be  advisable,  and 
the  engine  would  then  come  to  be  ranked 
in  Class  I.  In  practice,  however,  no  such 
result  is  likely  to  take  place,  and  the 
quantity  of  heated  air  to  be  obtained  with 
the  aid  of  the  waste  gas  will  seldom  exceed 
10  or  12  per  cent.,  if  so  much,  of  the 
whole  a  olume  of  fluid  passing  through  the 


engine.  It  is  obvious  that  if  the  intro- 
duction of  this  10  or  12  per  cent,  is  not 
attended  with  loss  of  pressure,  and  that  the 
draught  in  the  chimney  is  not  too  much 
reduced,  that  then  the  direct  saving  will 
be  measured  by  regarding  each  foot  of  air 
used  as  a  foot  of  steam  saved ;  the  air 
being  measured,  however,  not  by  its  abso- 
lute volume  in  the  cylinder,  but  by  its 
relative  volume  as  compared  with  that 
which  it  possessed  before  it  passed  through 
the  heating  coils.  Thus,  if  we  take  1  lb.  of 
air  at  65  deg.  to  measure  13.5  cubic  feet, 
which  is  not  far  from  the  truth,  then  at 
212  deg.  that  pound  of  air  would  occupy 
17  cubic  feet  nearly,  and  the  percentage  of 
saving  effected  in  such  a  case  would  be 
represented  by  17  — 13.5  =  3.5  cubic  feet 
only,  and  so  on  for  higher  pressures.  In- 
deed, at  atmospheric  pressure,  or  212  deg., 
no  benefit  would  be  gained  except  that  due 
to  the  fact  that  the  air-pump  would  have  to 
extract  but  13.5  ft.  ot  air,  while  17  ft. 
passed  through  the  engine.  In  theory 
there  is  a  direct  saving  to  be  effected  by 
using  air  instead  of  steam,  owing  to  the 
difference  in  specific  heats,  etc.,  of  the  two 
fluids ;  but  into  this  question  we  shall  not 
enter  now,  preferring  to  confine  our  atten- 
tion to  the  fact  that  air  may  be  used  to  catch 
up  and  save  waste  heat  in  a  way  that  is 
impossible  with  steam,  because  the  sensible 
temperature  of  the  steam  is  little  below 
that  of  the  flues,  and  so  in  properly  con- 
structed boilers  there  is  not  much  heat  to 
take  up  ;  and  secondly,  because  if  there  was, 
the  steam  would  be  superheated  at  the  risk 
of  destroying  the  cylinder.  It  must  not  be 
forgotten,  however,  that  the  temperature  of 
the  air  is  greatly  augmented  by  the  com- 
pression required  to  force  it  into  the  boiler ; 
and  if  the  flue  temperature  be  a  littletgreater 
than  thaf  of  the  air,  then  there  will  be  very 
small  or  no  advantage  derived  from  the 
heating  coils;  and  the  rise  in  sensible 
temperature  is  very  considerable,  for  if  we 
assume  the  volume  of  a  pound  of  air  at  32 
deg.  as  12.5  cubic  feet,  then  the  volume  at 
any  other  temperature  T  will  be 


12.5  x 


T  4-  461  cleg. 
4i.'J  deg. 


If  we  take  the  available  flue  temperature 
as  400  deg. — which  would  correspond  to 
steam  of  nearly  250  lbs.  pressure — we  shall 
find  that  12.5  cubic  feet  of  air  would  only 
be  dilated  into  21.8  ft.  by  a  rise  of  400 — 
32  =  368  deg.     But  if  the  volume  remains 


AERO   STEAM   ENGINES. 


549 


unaltered,  then  the  pressure  would  be 
increased  to  about  27  lbs.  only,*  from  which 
it  will  be  seen  that  an  apparently  insig- 
nificant amount  of  work  done  by  the 
compressing  pump  will  render  the  flue 
temperatures  unavailable  as  a  means  of 
economy,  unless  under  conditions  which 
only  obtain  in  boilers  with  deficient  heating 
surface  and  fixed  very  sharply.  Thus,  the 
up-take  temperature  in  marine  boilers  is 
often  800  deg.,  and  if  the  pressure  in  the 
boiler  is  at  the  same  time  moderate — say 
20  lbs.  or  so — then  an  absolute  economy 
would  be  effected  by  the  use  of  air-heating 
coils,  which  would  be  impossible  if  steam 
were  used  instead  of  air,  because  the  steam 
would  become  so  far  superheated  that  the 
cylinders  would  be  ruined  long  before  it 
could  reach  a  temperature  of  nearly  800  deg. 
It  is  quite  possible,  however,  that  air  at  800 
deg.  might  be  pumped  into  the  steam 
space  ;  but  in  this  case  the  effect  would  be 
that  the  air  would  fall  to  the  temperature 
of  the  steam,  the  efficiency  of  the  mixture 
being  slightly  augmented  either  by  super- 
heating to  a  perfectly  safe  extent,  or  by 
merely  effecting  the  evaporation  of  the 
suspended  particles  of  water  in  the  steam. 
We  come  now  to  the  third  system,  which 
consists  in  pumping  air  into  the  water  in 
the  boiler.  As  we  have  shown,  the  mere 
act  of  condensing  the  air — that  is  to  say, 
raising  it  to  the  required  pressure — will 
also  with  most  stationary  boilers,  elevate 
its  temperature  so  much  that  nothing  will 
be  gained  by  passing  the  air  through  coils 
in  the  flues  ;  but  the  air  so  introduced  does 
beyond  question  operate  economically  in  a 
way  which,  as  we  have  said,  has  not  yet 
been  fully  explained.  In  the  first  place,  it 
promotes  the  conversion  of  water  into  steam 
in  much  the  same  way  that  certain  chemical 
operations  are  facilitated  by  the  presence  of 
bodies  which,  taking  no  apparently  active 
part  in  the  chemical  phenomena  which  go 
on,  and  remaining  unaffected  themselves, 
yet  induce  an  active  action  which  without 
them  is  wholly  wanting.  It  has  long  been 
known,  indeed,  that  when  experiments  on 
the  economical  efficiency  of  steam  engines 
are  being  carried  out,  much  advantage  is 
derived  by  refilling  the  boilers,  to  begin 
with,  with  pure  fresh  unboiled  spring  water 
naturally  aerated.  No  one  has  yet  carried 
out  the  system  of  feeding  air  to  boilers  so 


*Thisisnot  strictly  accurate,  as  the  formula  given  above 
applies  only  to  constant  pressures  and  variable  volumes. 


fully  as  Mr.  Warsop.  At  the  recent  meet- 
ing of  the  British  Association  at  Bradford, 
Mr.  Eaton  read  a  short  paper  on  the 
Warsop  system,  the  principal  features 
of  which  we  cannot  do  better  than  repro- 
duce here,  as  the  statements  made  bear 
with  precision  on  the  subject  matter  of  this 
article.  The  principle  of  the  Warsop  sys- 
tem was  explained  at  the  Exeter  Meeting 
of  the  British  Association,  and  certain 
results  obtained  in  practice  were  brought 
before  the  Institution  of  Mechanical  Engi- 
neers in  Birmingham,  and  the  substance  of 
that  paper  has  been  published  in  our 
columns.  It  will  be  remembered  that  it 
referred  to  a  locomotive,  No.  369,  on  the 
Lancashire  and  Yorkshire  Railway,  which 
had  one  feed  pump  removed,  and  replaced 
by  a  single  acting  air-pump;  Mr.  Eaton's 
last  paper  gave  a  summary  of  the  results 
obtained  with  this  engine,  which  we  repro- 
duce in  the  following  table,  premising  that 
No  38  is  a  sister  engine  to  No.  369,  and 
that  the  work  done  by  each  engine  was  as 
nearly  as  possible  the  same. 


Engine 

Coal 
consumed. 

Average 

A.  D. 

Engines. 

miles 

lbs 
per  mile. 

run. 

In  steam. 

Tons. 

Cwt. 

1871 

No.  369 
In  steam  and  air. 

21,048 

403 

6 

42.92 

1872-3 

No.  369 
In  steam. 

27,931 

472 

10 

37.89 

1872-3 

No.  38 

28,053 

5c0 

10 

43.95 

Six  engines  are  constantly  employed  be- 
tween Normanton  and  Liverpool,  and  Mr. 
Eaton  gives  the  performance  of  these  six 
engines  for  six  weeks,  ending  July  3d, 
1873,  as  follows: 


Diame- 

Engine 

Coal 

consumed. 

Average 

Engines. 

ter  of 
cylinder. 

miles 
run. 

lbs. 
per  mile. 

Inches. 

Tons. 

Cwt. 

369 

15 

4477 

65 

0 

32. 6t 

Steam  and  air. 

38 

15 

3987 

74 

0 

41.57 

Steam. 

3.9 

16 

4700 

84 

15 

40.39 

381 

17 

43^3 

74 

15 

38.47 

383 

17 

46i)8 

75 

15 

3G.lt 

391 

17 

4310 

77 

5 

4-J.15 

Total 

.... 

26,525 

451 

15 

According  to  Mr.  Eaton  the  air  was  sent 
into  the  boiler  at  an  average  temperature 
of  650  deg.    As  the  boiler  pressure  is  no,t 
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stated,  we  are  unable  to  say  what  the  tem- 
perature of  the  air  was  as  it  left  the 
condensing  pump.  One  remarkable  feature 
in  the  working  of  the  engine  was  the  al- 
most total  absence  of  incrustation. 

Balancing  all  the  advantages  and  dis- 
advantages of  the  various  systems,  we 
arrive  at  the  conclusion  that  a  very  con- 
siderable economy  can  be  effected — especially 


in  working  engines   very  expansively — by 

the  introduction   of   air    into    the  water  of 

the    boiler   on    Warsop's   system  ;  but  the 

quantity   required    is    only    small,    and    in 

properly  set   boilers   nothing  whatever  is  to 

be  gained  by   the   use  of  coils  in  the  flues, 

!  except  in  so  far  as  their  presence   prevents 

|  the    air    already    heated    by  the  air  pump 

'  from  being  cooled. 


THE  KUIN  OF  THE  EIYEKS. 


From  "The  Builder." 


The  pollution  of  rivers  is  one  of  the  evils 
brought  about  by  a  century  of  neglect  of 
public  interests,  while  individuals  have 
been  sharp  enough  to  see  the  opportunity 
and  to  penetrate  the  weak  places  of  public 
law.  So  do  thieves  where  there  are  no 
policemen.  In  this  way  an  unpatriotic 
spirit  has  been  begotten,  and  selfishness 
has  taken  root  in  the  public  mind.  The  na- 
tural advantages  of  the  country  have  almost 
been  turned  into  a  curse  to  us,  for  want  of 
regulation  and  of  law  and  ordf  r.  We  see 
this  every  time  the  subject  of  river-pollution 
is  broached.  Let  us  see  what  we  can  by 
the  light  of  the  report  of  the  Select  Com- 
mittee of  the  House  of  Lords  on  this 
subject,  dated  July  21,  1873,  which  has 
recently  been  issued,  together  with  minutes 
of  evidence.  It  will  be  remembered  that 
the  Rivers  Pollution  Commission  of  1868 
proposed  in  their  first  report,  in  1870,  stand- 
ard degrees  of  pollution  beyond  which  no 
refuse  liquids  ought  to  be  discharged  into 
streams  of  water  of  general  use.  The 
refuse  of  manufactures  as  well  as  town 
sewage  was  embraced  in  these  propositions, 
and  it  has  been  pretended  by  the  manufac- 
turers and  others  having  private  interests, 
antagonistic  to  those  of  the  public,  that  the 
proposed  standards  would  be  unattainable. 

Dr.  Lyon  Playfair,  a  chemist,  a  manu- 
ufacturer,  and  a  member  of  Parliament, 
says  that  the  standards  proposed  by  the 
Commissioners  are  in  his  opinion  not  severe 
enough,  although  they  are  expressed  in 
such  scientific  language  as  to  frighten  the 
manufacturers,  who  think  them  more 
severe  than  they  are  in  reality,  and  he  has 
drawn  up  another  set  of  standards  meaning 
the  same  thing,  but  couched  in  more 
popu  ar  language.  These  amendments  of 
Dr  Playfair  were  approved  by  Mr.  Stans- 
feld,  the  President  of  the  Local  Government 


Board,  but  he  thought  it  desirable,  before 
embodying  them  in  any  Bill  to  be  submitted 
to  Parliament,  that  they  should  be  sub- 
mitted to  public  criticism.  We  have  before- 
time  given  the  standards  proposed  by  the 
Commission,  but  we  repeat  them  here  in 
juxtaposition  with  Dr.  Playfair's  amend- 
ments. Liquids  exceeding  the  following 
degrees  of  pollution  are  to  be  prohibited 
from  discharge  into  watercourses  in  the 
purity  of  which  other  persons  than  the 
polluters  are  interested. 

Dr.  Frankland's  Scale.  Dr.  Playfa'r's  Scale. 

3  parts  by  weight  of  dry  3  grains  of  mineral  mat- 
mineral  matter  in  suspen-  ter  in  suspension  in  a  gal- 
sion  in   100,000   parts   by  Ion. 
weight  of  the  liquid. 

1  part  by  weight  of  dry  2  grains  of  organic  mat- 
organic  matter  in  suspen-  ter  in  suspension  in  a  gal- 
sion   in   100,000   parts   by    Ion. 

weight  of  the  liquid. 

2  parts  by  weight  of  or-  1^  grain  of  organic  car- 
game  c  irbon  in  solution  in  bon  in  solu.ion  in  a  gallon. 
100,000  parts. 

3-10  part  by  weight  of        2-10  <xrain  of  organic  ni- 
organic   nitrogen   in  solu-     tro^en  in  a  gallon, 
tion  in  100,000  parts. 

A  distinct  color  by  day- 
light when  a  stratum  1  in. 
deep  is  placed  in  a  whi  e 
porcelain  or  earthenware 
vessel. 

1-20  part  by  weight  of        1-10    grain    of   metallic 

metallic  arsenic  in  lt»0,000     arsenic  in  a  gallon,  either 

parts    by    weight    of    the    in   solution    or    suspension 

liquid.    *  or  in  any  form  of  combina- 

ti  n. 

2  parts  by  weight  of  any        1  grain  of  metallic  cop- 
metal  except,  calcium  mag-     per  or  lead,  in  any  form  of 
nesium.  porassium,  and  so-     combination,  in  a  gallon, 
dium,  in  solution  in  100,000 

J  parts    by    weight    of   the 

j  liquid. 

1  part  by  weight  of  free 
chlorine  in  1U0.O00  parts 
by  weight  of  the  liquid 
after  acidification  with  sul- 
phuric acid. 
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Dr.  Frankland's  Scale.  Dr.  Play  fair's  Scale. 

1.  part     by    weight     of        1  grain  of  sulphur,  either 
sulphur,  in    the  condition     as    sulphuretted  hydrogen 
either  of  sulphurretted  hy-    or  as  soluble  sulphuret,  in 
drogen  or  of  a  soluble  sul-    a  gallon, 
phuret. 

An  acidity  greater  than  An  acidity  greater  than 
is  pnduced  by  adding-  2  is  produced  by  adding  100 
parts  ly  weight  of  real  grains  of  real  muriatic  acid 
muria'ic  acid  »o  1.000  parts  to  a  gallon  of  distilled 
by  weight  of  distilled  water,     water. 

An  alkalinity  greater 
than  that  produced  by  add- 
ing one  part  by  weight  of 
dry  caustic  soda  to  1,000 
parts  hy  weight  of  distilled 
water. 

It  is  proposed  also  to  prohibit  the  dis- 
charge into  any  stream,  of  such  manufac- 
turing waste  products  as  will  raise,  whether 
in  suspension  or  solution,  the  foreign 
matters  in  the  water  of  the  stream  to  the 
extent  of  five  grains  in  the  gallon,  provided 
that  the  water  so  polluted  is  not  taken  for 
examination  from  any  part  of  the  stream 
(and  in  the  case  of  a  tidal  stream  at  low 
tide),  at  a  less  distance  below  the  place  of 
discharge  than  the  breadth  of  the  stream 
opposite  to  it,  and  at  no  greater  distance 
than  twice  the  breadth  of  the  stream  at  the 
place  of  discharge.  This  last  precaution, 
of  prohibiting  the  discharge  into  a  stream 
of  such  refuse  as  would  raise  the  foreign 
matters  in  the  stream  itself  to  five  grains  in 
the  gallon,  is  an  addition  of  Dr.  Playi'air's 
to  "  catch  the  stream  itself,"  for  the  other 
standards  merely  catch  the  drains  going 
into  the  stream.  "I  want  to  catch  the 
stream,  and  see  that  the  stream  itself,  as  an 
additional  precaution,  is  not  polluted  by  a 
number  of  drains  going  into  it."  And  as 
to  the  precaution  of  taking  the  water  for 
examination  from  within  and  without  certain 
prescribed  distances  from  the  outfall  of  a 
drain,  as  described  above,  the  object  is  to 
prevent  the  sample  intended  to  be  analyzed 
being  taken  too  near  the  drain's  mouth ; 
and  so  not  indicating  fairly  the  state  of  the 
bulk  of  the  stream  water  for  some  short 
distance  below  the  point  at  which  the 
impurity  is  discharged  into  it.  It  appears 
that  it  is  a  practice  at  many  works  to  dis- 
charge during  the  day  very  fair  waste 
water  into  the  stream,  and  then  when 
nobody  is  watching  at  night  to  flush  down 
a  great  quantity  of  impurities ;  but  by 
adopting  this  additional  precaution  that 
practice  would  be  discovered,  and  the 
manufacturer  held  accountable.  None  of 
these  standards  represent  perfect  purity  at 
all;  they  only  represent  a  much  greater 
purity  than  is  attained  now. 


Dr.  Lyon  Play  fair  is  a  director  of  Young's 
paraffine  oil  works  at  West  Calder  and  at 
Bathgate,  in  Scotland,  and  he  confesses  to 
the  committee  that  he  is  himself  a  great 
polluter  of  streams.  But  he  wants  to  see 
the  prohibition  carried  out  which  affects 
the  pollution  from  this  very  manufacture, 
which  is  the  most  difficult  of  all  to  grapple 
with.  "  I  think  that  if  you  force  us  to 
purify  the  water  which  we  discharge  fouled 
in  this  way,  before  long  we  shall  find 
efficient  modes  of  doing  it.  At  the  present 
moment  we  have  not  efficient  modes  of 
doing  it,  and  yet  as  one  of  the  largest 
polluters  of  water  in  the  kingdom  from 
this  very  thing,  I  advocate  that  you  should 
make  me  purify  the  water  before  I  dis- 
charge it."  It  is  a  curious  proof  of  the 
want  of  law  and  order  amongst  manufac- 
turers, that  Government  should  be  appealed 
to  in  this  manner.  One  would  at  first 
suppose  that  a  director  of  one  of  the  largest 
manufacturing  works  in  the  kingdom,  who 
should  acknowledge  that  he  is  himself  a 
great  polluter  of  streams,  would  put  a  stop 
to  it  at  his  own  works,  and  we  may  well 
suppose  he  would  do  so  if  his  were  the  only 
case  to  be  dealt  with ;  but  he  wants  a 
general  law  to  be  enacted  which  shall  com- 
pel those  who  are  reluctant  to  assist  in  the 
public  welfare. 

When  large  quantities  of  water  are 
requiied  in  manulacturing  operations,  it  is 
usually  taken  from  the  stream  immediately 
above  the  works,  and  returned  to  it  imme- 
diately below  them.  From  the  bad  state 
of  the  law  at  present,  with  regard  to 
pollution,  any  man  may  have  a  pure  stream 
fouled  by  works  being  built  above  him,  and 
very  often  water  is  sent  down  fouled  to  the 
extent  of  these  standards,  or  nearly  so,  and 
the  manufacturer  has  to  commence  by  a 
purifying  process  before  he  can  use  the 
water  for  his  own  works.  If  the  law  of 
pollution  were  rendered  genera1,  he  would 
save  the  enormous  amount  of  reservoir 
room  which  he  now  requires  to  purify  the 
water  which  other  people  have  fouled,  and 
which  he  must  purify  before  he  can  use  it. 

Dr.  Play  fair  believes  that  if  the  manu- 
facturers were  compelled  to  follow  these 
standards,  they  would  find,  as  in  the  Alkali 
Act,  that  they  would  in  a  very  short  time 
exclaim  against  their  being  too  light,  and 
not  against  their  being  too  severe  ;  but  he 
thinks  that  at  present,  until  the  manu- 
facturers see  that  great  advantages  to 
themselves   will   accrue    by   purifying   the 
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rivers,  it  is  desirable  not  to  be  too  extreme 
in  the  first  instance.  As  to  the  Alkali  Act, 
which  was  at  first  much  opposed  by  the 
manufacturers,  he  believes  there  is  not  a 
manufacturer  now  in  the  kingdom  who 
does  not  remove  the  muriatic  acid  (one  of 
the  chief  sources  of  pollution  of  the  atmos- 
phere formerly  from  the  alkali  manufacture) 
to  a  greater  extent  than  the  Act  requires, 
and  who  does  not  find  it  to  his  own  profit 
to  do  so.  And  he  believes  it  will  be  the 
bame  in  the  pollution  of  rivers  ;  it  may  not 
always  be  a  direct  economy,  but  it  will  be 
an  indirect  one,  giving  the  manufacturer 
security  that,  the  people  below  him  on  the 
btream  will  not  prosecute  him  for  a  nuisance, 
and  that  the  people  above  him  will  be 
obliged  to  purity  the  water  before  it  reaches 
him. 

Dr.  Frankland  states  to  the  Committee, 
that,  as  one  of  the  Rivers  Pollution  Com- 
mission, and  having  now  been  engaged  in 
this  inquiry  for  five  years,  the  chief  causes 
of  the  pollution  of  rivers  in  England  and 
{Scotland  are,  first,  the  casting  in  of  solid 
rubbish  of  all  kinds.  The  Commissioners 
found  that  the  watercourses  generally  in  the 
kingdom  are  made  use  ol  to  carry  away 
worthless  stuff,  which  would  be  otherwise 
expensive  to  get  rid  of,  or  to  cart  away  to 
waste  land.  This  is  cast  into  the  stream, 
and  in  time  of  flood  is  washed  down  into 
the  lower  and  stiller  reaches,  and  there  it 
silts  up  the  river,  raises  the  bed,  and  in 
many  cases  causes  the  flooding  of  the  ad- 
joining lands.  The  second  cause  is  the 
discharge  of  the  sewage  of  towns  into 
rivers.  That  is  a  liquid  somewhat  peculiar, 
although  not  differing  very  essentially  from 
the  discharge  from  some  manufactories. 
Then  comes,  in  the  third  place,  the  refuse 
from  manufactories  of  various  kinds,  some 
similar  to  sewage,  othere  differing  from  it 
in  their  qualities.  Fourthly,  and  lastly, 
there  is  mining  refuse,  which  spoils 
completely  for  iish,  and  also  for  human 
use,  and  for  agricultural  purposes,  many 
rivers  in  the  mining  districts.  The  Com- 
missioners have  investigated  every  river 
basin  where  pollution  to  any  considerable 
extent  has  already  taken  place,  and  they 
have  had  abundant  evidence  that  the  evil 
is  very  great  at  present,  and  that  it  is 
rapidly  increasing  both  in  quantity  and  in 
intensity. 

In  the  town  of  Birmingham  at  present, 
General  Scott's  process  (throwing down  the 
solid,  matters  in  suspension  with  quick-lime, 


and  converting  the  solid  residue  into  ce- 
ment) is  partially  applied  to  the  sewage, 
and  the  effluent  water  is  discharged  into 
the  River  Thames;  but  as  the  process  does 
not  much  affect  the  matters  in  solution  in 
the  sewage  water,  the  river  is  still  highly 
polluted.  It  is  necessary  to  take  out  the 
matters  in  solution,  either  by  irrigation  or 
by  intermittent  filtration  through  the  soil. 

With  regard  to  the  manufacturers,  Dr. 
Frankland  states  that  the  Commissioners 
have  in  all  cases  indicated  how  each 
specific  form  of  pollution  may  be  obviated 
and  got  rid  of  in  a  manner  which  shall  not 
be  unreasonably  expensive  to  the  manu- 
facturers, and  in  most  cases  not  expensive 
at  all,  but  profitable,  he  believes.  This  is 
an  entirely  new  subject,  and  it  cannot  be 
paid  attention  to  for  the  next  few  years 
without  new  discoveries  in  the  direction  of 
better  purification  being  made,  which  would 
enable  a  manufacturer  at  less  cost,  and,  in 
most  cases,  at  greater  profit  to  himself,  and 
with  a  smaller  amount  of  plant,  to  do  a 
greater  amount  of  work  in  the  way  of 
purification.  One  may  reasonably  hope  for 
that,  says  Dr.  Frankland,  as  soon  as  the 
attention  of  manufacturers  is  directed  to 
purification.  "At  present,  they  care  nothing 
about  it,  but  send  the  water  into  the  stream 
just  to  suit  their  own  convenience,  without 
turning  their  attention  at  all  to  this  subject 
of  purification." 

Mr.  J.  C.  Stevenson,  M.  P.,  representing 
the  views  of  the  alkali  manufacturers,  says, 
in  answer  to  the  question  : — 

"What  is  the  coloring  matter  which 
constitutes  the  manufacturers'  objection  to 
the  third  test  [as  given  above,  it  is  the 
fifth]  ? — A.  It  is  of  a  brownish  color. 

Q,.  Would  that  be  a  very  poisonous 
solution? — A.  Undiluted,  it  would  bo  a 
strong  acid  solution. 

Q,.  As  you  pour  it  into  the  river,  would 
it  be  poisonous  ? — A.  In  point  of  fact,  it 
gets  so  enormously  diluted  in  the  river  into 
which  we  pour  it,  that  no  evil  comes  from 
it. 

Q.  It  is  not  diluted,  is  it,  when  it  passes 
from  the  manufactory  ? — A.  No,  it  is  di- 
luted from  the  volume  of  the  stream." 

No  comment  is  needed  on  such  evidence 
as  this  to  show  the  enormity  of  the  prac- 
tice. 

One  of  the  objections  of  the  manufacturers 
is  that  they  ought  not  to  be  obliged  to 
employ  a  patent  process  in  order  to  comply 
with  the  requirements  of  an  Act  of  Par- 
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liament,  and  that  seems  a  very  reasonable 
objection.  There  are  only  a  few  known 
processes  by  which  the  refuse  of  alkali 
works  can  be  purified,  and  they  are 
patented ;  there  are  indeed  only  two  in 
use.  Now  it  would  seem  that  patents  for 
inventions  of  a  character  beneficial  to  the 
public  health  ought  not  to  be  granted,  and 
yet  encouragement  of  a  money  value  to 
inventors  is  necessary.  Could  there  then 
be  any  more  legitimate  object  of  a  Ministry 
than  to  encourage  these  inventions  by 
setting  aside  a  sufficient  sum  out  of  the 
national  revenue  for  this  purpose,  or  to  buy 
up  and  make  free  to  the  public  any  patent 
already  taken  out  by  any  individual  at  his 
own  expense,  the  patent  being  one  of 
recognized  value,  as  those  above-mentioned 
are,  on  the  authority  of  Dr.  Edward  Frank- 
land,  one  of  the  Rivers  Pollution  Commission. 

Mr.  Richard  Nickols  represents  the  tan- 
ning trade  of  Leeds,  where  there  are,  within 
the  borough,  twenty-six  large  tanyards, 
employing  2,400  hands.  By  the  by,  how 
suggestive  of  human  machinery,  merely,  is 
this  word  "hands,"  when  used  in  this 
sense,  and  how  strongly,  though  un- 
wittingly, it  shows  the  actual  relations  that 
e\ist  between  the  master  and  the  people 
who  work  for  him ! 

Mr.  John  Botterill  represents  the  dyeing 
trade,  and  both  these  witnesses  advise  that 
the  refuse  should  be  run  into  the  sewers, 
and  be  dealt  with  by  the  corporate  body, 
there  being  no  room  sufficient  for  the  pur- 
pose on  the  premises  of  the  works ;  and 
this  view  is  supported  by  Dr.  Frankland, 
who  says  that,  in  cases  where  the  manu- 
facturers are  so  situated  as  to  be  unable  to 
perforin  the  process  of  purification  them- 
selves, it  should  be  undertaken  by  the 
communities  in  which  they  live,  and  that 
surely  some  arrangement  could  be  arrived 
at  between  the  municipality  and  the  indi- 
vidual manufacturer,  by  which  that  could 
be  done.  The  manufacturer  might  con- 
tribute a  little  more  to  the  rates  if  needed. 

With  the  exception  of  galvanizing  works, 
tin  plate  works,  and  wire  drawing,  there 
are  no  manufactures  carried  on  in  this 
country  from  which  such  portion  of  the 
discharges  as  would  be  polluting  under  the 
suggested  standards  could  not  be  admitted 
into  the  sewers  of  the  town,  to  be  treated 
at  the  outfall  along  with  the  sewage. 

And  this  witness,  having  heard  all  the 
objections  which  were  stated  to  the  Com- 
mittee, some  of  which  are  given  above,  says 


he  has  heard  no  objection  that  he  has  not 
repeatedly  heard  previously  from  manu- 
facturers; but  he  thinks  there  are  very  few 
manufacturers  in  the  country  who  under- 
stand what  these  standards  really  require 
them  to  do ;  what  amount  of  purification  is 
required.  They  look  upon  them  as  very 
much  more  stringent  than  they  are.  They 
are  really  very  lax,  and  could  be  complied 
with  in  most  cases  with  very  great  facility. 

If  the  manufacturer  bona  fide  desires  to 
prevent  pollution,  he  has  no  difficulty  in 
complying  with  these  standards ;  but  he 
has  difficulty  if  he  only  wants  to  make 
believe  that  he  is  preventing  pollution. 
There  are  sometimes,  for  instance,  attached 
to  works,  small  catch-pits,  that  pretend  to 
be  purifying  the  liquid  from  those  works  ; 
but  the  liquid  flows  out  of  such  little  catch- 
pits  just  in  the  same  condition  that  it  enters 
them, — it  is  only  a  pretence  of  purification. 

Mr.  William  Crookes,  F.  R.  S.,  gives  his 
evidence  to  the  effect  that  he  would  make 
the  standards  "elastic,"  varying  them  to 
suit  circumstances;  and  Dr.  Frankland 
agrees  with  him  so  far  as  that  it  is  desir- 
able that  the  Local  Government  Board 
should  have  power  to  exempt,  for  a  certain 
length  of  time,  at  all  events,  manufacturers 
who  are  situa  ed,  perhaps,  in  some  very 
unfavorable  locality  for  carrying  out  the 
provisions  of  the  Act ;  but  not  that  elasticity 
should  be  given  in  the  standards.  He  do9S 
not  see  how  the  standards  cou'.d  be  made 
elastic  and  effective  at  the  same  time. 

The  minutes  of  evidence  upon  which  the 
third  report  of  the  Rivers  Pollution  Com- 
mission was  based  has  also  recently  been 
issued.  The  Commissioners  addressed  ques- 
tions to  the  manufacturers  and  traders 
which  were  intended  to  help  them  in 
framing  their  report,  some  of  which  only 
were  answered.  One  of  them  was  whether 
the  manufacturers  had  any  suggestions  to 
offer  as  to  the  best  means  of  avoiding 
pollution  in  future,  and  as  to  the  conservancy 
of  rivers  and  streams.  It  is  curious  to 
observe  the  chorus  of  their  answers  to  these 
very  civil  questions.  "No  suggestions  to 
offer  as  to  the  be&t  means  of  avoiding  pollu- 
tion in  future,"  and  "No  suggestions  to 
offer  as  to  the  conservancy  of  rivers  and 
streams."  And  these  are  the  very  people 
who  could  have  offered  valuable  sugges- 
tions on  both  these  questions,  and  would 
have  done  so  if  they  had  had  any  public 
spirit  at  all;  but  selfishness  possesses 
them. 
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STEEL  BAILS  IN  FRANCE. 


From  "The  Engineer." 


The  use  of  steel  rails  is  extending  in 
England,  for,  notwithstanding  the  uncer- 
tainty of  the  material,  its  homogeneity  ren- 
ders it  more  durable  than  iron,  and  the 
price  of  steel  rails  is  also  now  so  little  re- 
moved from  that  of  the  very  best  iron  rails, 
that  the  adoption  of  the  first  by  railway 
companies  does  not  represent  much  addi- 
tional expenditure.  In  Franco  steel  rails 
are  daily  taking  the  place  of  iron  rails,  and 
the  following  particulars  of  the  action  of 
some  of  the  great  French  lines,  will  be 
found  interesting.  It  will  be  understood, 
of  course,  that  we  content  ourselves  with 
putting  before  our  readers  the  statements  of 
our  authorities,  without  endorsing  all  their 
conclusions. 

The  French  Minister  of  Public  "Works 
has  sent  to  the  Vienna  Exhibition  a  collec- 
tion of  designs,  models,  and  works  relative 
to  the  engineering  profession,  accompany- 
ing the  same  with  a  volume  of  explanatory 
notes,  which  are  divided  into  sections.  To 
these  has  been  added  a  treatise  published 
separately,  by  M.  Felix  Lucas,  ingenieur 
des  Ponts-et-Chausse'es,  which,  in  five  divis- 
ions, discusses  the  following  subjects  : — (1) 
roads  and  bridges  ;  (2)  railways;  (3)  inland 
navigation  ;  (4)  harbors.  Our  own  especial 
interest  in  these  matters  will,  however,  con- 
fine itself  to  the  second  division  of  Mr.  Lu- 
cas' work,  and  we  turn,  therefore,  at  once 
to  the  statistics  furnished  by  the  Eastern 
Railway  Company,  with  reference  to  the 
economical  effect  of  the  substitution,  on 
some  of  the  most  worn  portions  of  their 
system,  of  steel  for  iron  rails,  the  first- 
named  being  supplied  to  them  by  the  prin- 
cipal French  iron  works,  such  as  Le  Creu- 
sot,  Terre-Noire,  Rive-de-Gier,  etc. 

The  pattern  selected  for  these  rails  is 
that  known  as  the  Yignolles,  and  is  of  the 
same  section  as  the  iron  rails  weighing  35 
kilos,  per  running  metre,  or  about  74  lbs. 
per  yard,  so  long  used  on  this  line  ;  but 
their  (the  steel  bars)  weight  is,  from  the 
difference  in  density  between  the  two  met- 
als, nearly  36  kilos,  per  metre. 

In  the  month  of  March,  18G6,  an  experi- 
ment was  commenced  by  this  company  with 
the  object  of  determining  the  comparative 
lasting  qualities  of  the  two  metals,  and  they 
laid  down  in  a  much-used  place,  near  the 
crossing  at  the  Yillette  station,  GO  Bessemer 


'  steel   rails    and    60    iron  ones,   alternating 
them  in  groups  of  6  rails  each.     From  the 
i  time  of  their  being  placed  on  the  line  until 
March,  1872,  a  traffic  amounting  to  29,000- 
j  000  tons  dead  weight  had  passed  over  these 
I  metals,  with   the  result   that  at  that  date 
■  some  31  out  of  the  60  iron  rails  were  and 
J  had  been  for  longer  or  shorter  periods  unfit 
for  use,  whilst  the  condition  of  the  other  29 
I  was  such  as  would  not  justify  the  estimation 
of  their  power  of  resistance  to  wear  and  tear 
!  as  exceeding  a  total   traffic  of  24,000,000 
j  tons  dead  weight ;  and  it  is  stated  that  these 
J  last-named  bars  were  of  excellent  quality. 
The  steel  rails,  over  which  a  similar  traffic 
had  of  course   passed,  were  found  to  have 
sustained  no  other  alteration  than  that  re- 
sulting from  an  extremely  regular  wearing 
down,  which  was   accurately  measured  by 
taking   impressions   in   wax  of  their   sur- 
faces,   when   it   was   found   to    correspond 
to  1  mille.  or  .039  in.  for  every  26,000,000 
tons  carried  on  those  portions  of  the   line 
where  the  traffic  passed  in  its  normal  con- 
dition, being  naturally  more  at  the  places 
where    the    brakes    were    usually    applied, 
though  even  there  the  steel  rails  showed  to 
considerable  advantage. 

Further  experiments  were  carried  out  by 
this  company,  which  have  entirely  confirmed 
the  results  of  similar  ones  on  the  compara- 
tive resistance  of  iron  and  steel  rails,  under- 
taken by  the  Northern  Railway  Company. 
The  following  are  the  figures  obtained  : — 
Under  flexion,  the  elasticity  of  iron  rails 
commenced  to  change  at  a  pressure  of  some- 
thing less  than  25  kilos,  per  square  milli- 
metre, and  their  modulus  of  elasticity,  E, 
was  found  equal  to  14.3  X  109,  the  resist- 
ance of  steel  rails  up  to  the  liniii  of  their 
elasticity  being  equal  to  38  kilos. — 84  lbs., 
nearly— or  1  times  that  of  iron  rails,  whilst 
their  modulus  of  elasticity  was  18.4  X  10'J. 
Nearly  all  the  iron  rails  broke  under  an 
impact  of  below  8,250  kilos.,  whilst  those  of 
steel  resisted  a  pressure  of  9,500  kilos., 
With  a  weight  of  300  kilos,  falling  on  a 
rail  at  the  centre  between  two  points  of  sup- 
port 1.10  metres  distant  from  each  other, 
the  average  height  of  fall  required  for  the 
fracture  of  iron  rails  was  found  to  be  1.10 
metres  whilst  that  for  steel  bars  was  more 
than  4.60  metres;  indeed,  the  greater  num- 
ber of  these   latter  were  not  broken  even 
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with  a  fall  of  5  metres — the  highest  obtain- 
able with  the  apparatus  used ;  and  this,  al- 
though the  steel  rails  experimented  on  were 
laid  upon  a  solid  cast-iron  block  weighing 
some  10,000  kilos.,  whilst  those  of  iron 
were  supported  by  a  wooden  framing  fixed 
on  masonry.  From  these  trials  M.  Lucas 
has  decided  that  the  relative  resistance  to 
permanent  flexion  as  between  steel  and  iron 
rails  is,  up  to  the  limit  of  elasticity,  equal 
to  1.5  in  favor  of  the  former,  whilst  their 
resistance  to  fracture  by  violent  impact  is 
still  higher.  The  effect  of  these  experi- 
ments has  been  a  determination  on  the  part 
of  the  Eastern  Company  to  adopt  on  all  its 
lines  a  Bessemer  steel  rail  weighing  30  kilos, 
per  metre,  in  lengths  of  6  metres,  and  this 
arrangement  has  been  sanctioned  by  the 
Government. 

The  Northern  Railway  of  France  has 
also  selected  for  the  whole  of  its  system 
steel  rails  of  the  Vignolles  section,  weighing 
30.300  kilos,  per  metre,  and  the  first  advan- 
tage claimed  for  them  is  that  they  wear 
equally  and  slowly,  whilst  under  the  effect 
of  heavy  traffic  iron  bars  rapidly  deterio- 
rate, and  frequently  become  unfit  for  use 
before  they  have  lost  any  noticeable  part  of 
their  weight.  The  experiments  made  by 
this  company  go  to  prove  thit  the  very  best 
of  the  iron  rails  are  not  equal  to  a  traffic 
exceeding  20,000,000  tons  dead  weight, 
whilst  for  the  inferior  qualities  these  figures 
should  be  reduced  to  14,000,000  tons.  For 
steel  rails,  all  the  trials  made  show  that  the 
wearing  of  their  bearing  surface  equals  only 
1  mm.  for  every  20,000,000  tons  carried  ;  and 
as  these  bars  are  manufactured  with  a  view 
to  carrying  a  traffic  of  200,000,000  tons,  it  fol- 
lows tnat  their  life  would  be  about  10  times 
that  of  iron  ones,  and  in  this  view  the  sub- 
stitution of  steel  for  iron  represents  a  very 
great  economy  in  maintenance,  whilst  it  as- 
sures to  the  permanent  way  a  considerably 
increased  power  of  resistance,  combined  with 
greater  security. 

The  second  advantage  possessed  by  these 
steel  rails  over  those  of  iron  appears  from 
experiments  which  show  that  the  latter  are 
permanently  deflected  whenever  the  com- 
pression and  tension  of  the  fibres  reach 
from  17  kilos,  to  18  kilos,  per  square  milli- 
metre, whilst  for  steel  rails  these  figures  are 
above  38  kilos. 

In  the  trials  by  tensile  strain  the  laminae 
composing  the  head  of  the  rail,  when  made 
of  iron  of  good  quality,  offered  a  resistance 
to  fracture  of  between  28  kilos,  to  36  kilos. 


per  square  millimetre,  while  for  those  of 
steel  the  figures  were  between  65  kilos,  to 
75  kilos.  ;  and  the  main  characteristics  of 
steel  rails  are  thus  generally  summed  up — 
that  their  actual  elasticity  and  resistance 
to  fracture  are  at  least  double  those  of 
iron. 

With  reference  to  the  sections  of  the  rail 
it  is  recommended  as  the  practical  inference 
to  be  drawn  from  these  experiments,  that 
the  present  height  of  the  iron  one  weighing 
37  kilos.,  as  well  as  the  size  and  inclination 
of  the  fishing  plates,  and  also  the  convexity 
of  the  head — all  of  which  have  hitherto 
given  very  favorable  results — should  be  re- 
tained ;  and  it  is  also  advised  that  the  bear- 
ing surface  be  made  as  broad  as  possible, 
and  to  this  end  as  much  material  as  may 
be,  should  be  accumulated  in  the  head  by 
reducing  the  size  and  thickness  of  the  foot, 
provided  always  that  this  be  not  carried  to 
such  an  extent  as  to  render  the  rolling  diffi- 
cult, or  to  cause  any  marked  disproportion 
between  the  height  of  the  rail  and  its  base. 
Theoretically  speaking,  when  most  worn, 
the  section  of  the  rail  ought  to  be  such  that 
the  work  on  the  fibres  of  the  head  and  foot 
amount  to  about  the  same,  but  the  adoption 
of  such  a  form  would  probably  lead  to  a 
foot,  which  would  be  a  little  too  narrow,  and 
too  small  to  find  proper  support  on  the 
sleepers — in  the  section  adopted  the  com- 
pression and  extension  become  equalized 
when  about  5  mm.  have  been  worn  away ; 
but  the  steel  rail  is  even  then  strong  enough 
for  use,  and  its  strength  is  still  superior  to 
an  iron  one  of  37  kilos. 

The  following  tests  have  been  decided 
upon  as  those  which  steel  rails  ought  to 
bear  :  First  experiment :  ( 1)  By  pressure. 
Each  rail  should  sustain  between  two  points 
of  support  1.10  metres  apart,  the  applica- 
tion of  17,000  kilos,  during  the  space  of 
five  minutes  without  any  appreciable  set 
remaining  after  the  experiment.  (2)  A 
pressure  of  30,000  kilos,  without  a  set  ex- 
ceeding 25  mms. 

Second  experiment :  By  impact — Each 
half  of  a  broken  rail  being  placed  on  two 
supports  distant  1.10  metres  between  the 
centres,  which  latter  are  fixed  on  a  cast-iron 
anvil  block  weighing  10,000  kilos.,  should 
support  without  breaking,  the  blow  of  a 
weight  of  300  kilos,  falling  from  a  height  of 
2.25  metres  on  to  the  middle  point  of  the 
bar  between  the  two  bearings,  the  relative 
deflection  at  the  following  different  eleva- 
tions for  the  fall  being — 
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Heights. 


Metres.      Metres.      Metres.      Metres. 
.  1.00  ....  1.50  ....  2.00  ....  2.25 


Millime-   Millime-    Millirae-    Millime- 
tres, tres.  tres.  tres. 
Deflection 1     ....     3£     ....     8     ....18  to  20 

Just  at  the  present  moment  6ome  experi- 
ments are  being  made  on  a  new  system  of 
plate  laying,  which  consists  in  not  placing 
the  joints  of  the  rails  of  each  line  on  the 
same  sleeper,  but  to  break  the  joints,  by 
having  one  on  one  transverse  and  the  other 
on  a  neighboring  one.  Although  this  new 
method  has  scarcely  been  a  sufficient  time 
in  use  to  enable  very  accurate  judgments  to 
be  formed,  it  is  generally  considered  that  it 
gives  an  easier  movement  than  when  these 
joints  are  opposite  each  other — in  effect, 
that  the  shocks  due  to  the  trains  passing 
over  the  two  joints  not  being  simultaneous 
— their  action  on  the  movement  of  the 
carriage  is  proportionately  lessened  from 
this  very  fact.  These  shocks  appear  to  be 
further  diminished  from  the  following 
causes: — 

(1)  The  sleeper  on  which  one  joint  is 
made  being  no  longer  inclined  to  movement 
at  both  ends  at  one  and  the  same  time,  is, 
on  the  contrary,  maintained  in  its  position 
by  the  pressure  of  the  opposite  rail,  which 
then  acts  as  a  continuous  support. 

(2)  The  sleeper  receiving  thus  less  vio- 
lent shocks,  is  better  able  to  resist  any 
thrust. 

( 3 )  That  in  the  event  of  a  joint  giving 
way  at  the  passage  of  one  wheel,  the  car- 
riage, beiug  still  supported  by  three  others, 
cannot  easily  run  off  the  line. 

These  last  experiments  are  rather  be- 
yond the  question  of  the  relative  advan- 
tages of  iron  and  steel  rails ;  but  having 
them  before  us  at  the  same  time  as  the 
others  we  have  given  with  reference  to  the 
comparative  value  of  the  two  materials,  we 
have  not  hesitated  to  place  them  before  our 
readers  as  examples  of  careful  and  accurate 
attention  to  details  worthy  of  imitation. 
The  experience  gained  on  the  other  French 
railways  from  a  similar  series  of  observa- 
tions, are  so  nearly  identical  with  the  above, 
that  we  pass  them  over,  and  proceed  to  ex- 
amine in  as  few  words  as  may  be,  what  Mr. 
Barlow  said  about  steel  rails  in  his  recent 
address  at  Bradford. 

Mr.  Barlow,  looking  rather  at  the  possi- 
bility of  applying  steel  in  far  larger  quanti- 
ties than  it  has  been  hitherto  used  to  con- 
struction, has  preferred,  and  naturally  so, 
confining  his  observations  to  what  he  calls 


11  mild  steels,"  such  as  are  produced  in  large 
masses  by  the  "Bessemer,"  "Siemens- 
Martin,"  and  other  processes,  dismissing, 
as  scarcely  within  the  range  of  adoption  in 
large  works,  the  "superior  qualities  which 
are  only  procurable  in  small  quantities,  and 
at  high  prices.  With  reference  to  the 
toughness  and  malleability  of  steel,  this 
gentleman  gives  an  instance  which  is  worth 
placing  in  contrast  with  those  we  have  just 
offered  our  readers,  as  the  result  of  the 
French  experiments.  He  says  that  he  has 
seen  a  piece  of  steel  rail,  weighing  80  lbs. 
per  yard  and  12  ft.  in  length,  held  fast  by 
one  end  and  twisted  at  the  other,  until  it 
broke  ;  the  fracture  occurring  near  one  ex- 
tremity and  leaving  about  11  ft.  in  the 
twisted  form  given  to  it.  In  this  state  the 
rail  was  laid  on  two  bearings,  3  ft.  6  in. 
apart,  and  subjected  to  the  blow  of  one  ton 
falling  30  ft,  and  it  bore  one  of  these  blows 
without  breaking.  Such  an  experiment  is 
a  mere  tour  deforce  of  little  practical  value. 
Several  other  steel  rails  were  also  tested 
under  a  weight  of  1  ton  falling  20  ft.  on  a 
3  ft.  6  in.  bearing,  and  although  not  one 
broke,  the  effect  of  the  impact  was  to  pro- 
duce a  set  of  about  2 \  in.  As  a  rule,  in- 
deed, these  bars  yielded  to  the  third  blow  ; 
and  although  some  of  the  above  results  are 
highly  favorable  to  the  toughness  and  mal- 
leability of  steel,  there  are  yet  on  record 
instances  of  steel  rails  breaking  with  the 
jar  produced  by  being  thrown  off  the  deliv- 
ering wagons  on  to  the  ballast.  Hence,  ar- 
gues Mr.  Barlow,  there  is  a  quality  of  steel 
manufactured  and  sold  which  is  cold  short, 
and  not  reliable  for  use  for  engineering 
purposes.  But  what  are  the  causes  of  this 
apparent  uncertainty  in  the  quality  of  steel  ? 
Is  it  the  result  of  different  chemical  combi- 
nations ;  of  the  varied  qualities  of  the  ore 
employed  ;  of  the  processes  pursued  by  dif- 
ferent makers  ;  of  the  want  of  precision  in 
the  time  allotted  to  the  several  stages  of  the 
manufacture;  or  the  degree  of  heat  em- 
ployed, any  inaccuracy  in  which  a  want  of 
proper  apportionment  thereof  to  the  quality 
of  the  iron  converted  must  seriously  affect 
the  character  of  the  steel  produced  ?  We 
apprehend  that  with  reference  to  the  chem- 
ical combinations  doctors  have  agreed  to 
differ,  and  we  need  only,  in  proof  of  this, 
refer  to  the  discussion  which  ensued  on  the 
reading  at  the  last  April  meeting  of  the 
Iron  and  Steel  Institute,  of  Dr.  Siemens.' 
paper  "  On  the  Manufacture  of  Steel  by 
Direct  Process,"   when  Mr.   Snelus  is  re- 
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ported  to  have  said,  that  if  too  small  a 
quantity  of  manganese  was  used  as  spiegel- 
eisen,  the  steel  was  red  short,  and  would 
not  roll  well.  He  had  found  also  that  with 
\  per  cent,  of  manganese  remaining  in  the 
steel  the  metal  was  both  tough  and  ductile, 
and  that  when  the  manganese  in  the  steel 
came  down  to  something  like  \  per  cent, 
the  metal  was  very  difficult  to  roll ;  and 
hence  he  thought  the  manganese — or  spie- 
geleisen— performed  another  function  in 
addition  to  that  of  removing  the  oxygen, 
which  was  its  chief  function,  and  that  was 
as  forming  a  definite  alloy  with  the  iron. 
Mr.  Eiley,  on  the  other  hand,  could  not 
agree  with  Mr.  Snelus  "  as  to  the  manga- 
nese being  beneficial  as  an  alloy  in  steel, 
because  it  was  found  that  some  of  the  very 
best  steels  did  not  contain  more  than  a 
trace  of  manganese  ;  and  he  had  his  doubts 
whether  it  had  that  special  advantage  which 
Mr.  Snelus  had  attributed  to  it.  Possibly 
in  some  descriptions  of  Bessemer  and  the 
lower  qualities  of  steel,  it  might  be  of  some 
advantage."  Mr.  Eiley,  however,  guarded 
himself,  in  reply  to  a  question,  by  stating 
that  his  remarks  applied  more  particularly 
to  tool  steel ;  whilst  Mr.  Williams  asserted 
at  the  same  meeting  that  he  had  come  to 
the  conclusion  "  that  masses  of  steel  would 
not  roll  for  making  rails  except  at  a  very 
low  heat,  and,  in  fact,  at  such  a  heat  as 
would  keep  the  material  so  hard  that  the 
machinery  would  not  roll  it  unless  it  con- 
tained manganese."  Here,  then,  our  wise 
men  arrive  at  no  distinct  solution  of  what 
is  the  effect  of  manganese  in  steel,  or  what 
proportion  of  it,  if  any,  is  necessarily  pres- 
ent in  that  metal,  or  whether  it  acts  as  a 
flux  or  an  alloy. 

With  reference  to  other  ingredients 
sometimes  present  in  steel,  such  as  graphite, 
silicon,  sulphur,  and  phosphorus,  we  could 
point  out  as  great  differences  of  opinion 
amongst  steel  makers  ;  and  regarding  the 
qualities  of  the  ores  employed,  process 
pursued,  and  want  of  precision  in  the  time 
allotted  to,  and  degree  of  heat  employed  in 
the  manufacture,  we  incline  to  the  opinion 
that  all  these  are  circumstances  constantly 
varying ;  that,  in  fact,  no  two  attempts  to 
convert  iron  into  steel  are  made  under  pre- 
cisely the  same  conditions  in  every  respect, 
and  hence  the  different  results  arising  from 
operations  which,  to  insure  equality  of  pro- 
duce, should  be  as  accurately  carried  out  as 
the  operations  of  the  laboratory  or  the 
dispensing  of  a  chemist.      These  difficulties 


about  what  is  steel,  and  how  it  is  to  be 
manufactured,  are  fully  recognized ;  they 
are  the  curse  of  the  material.  Who  knows 
what  is  the  essential  difference  between 
steel  and  what  is  usually  called  iron  ? — we 
are  tempted  to  ask,  without,  of  course, 
going  into  historical  questions,  whether  the 
secrets  possessed  by  Andrea  di  Ferrara,  or 
the  manufacturer  of  the  Toledo  blades, 
have  ever  yet  been  satisfactorily  explained. 
But  that  there  was  an  especial  excellence 
about  their  productions,  which  at  the 
present  day  cannot  be  reproduced,  is  a  fact 
which  we  think  will  not  be  disputed. 
There  is  one  other  portion  of  Mr.  Barlow's 
address  with  reference  to  this  uncertainty 
in  the  quality  of  steel  that  strikes  us  very 
forcibly,  pointing  out  that  in  samples  tried 
by  Mr.  Kirkaldy  the  quantity  of  carbon 
varied  from  \  per  cent,  to  nearly  1  per 
cent.,  and  with  this  small  variation  in  the 
carbon  the  strength  ranged  from  33  tons  to 
nearly  53  tons  per  inch ;  and  the  ductility 
represented  by  the  ratio  which  the  fractured 
area  bore  to  the  original  section  of  the  bar, 
varied  from  -fig  ths  in  the  tough  qualities, 
until  in  the  harder  samples  there  was  no 
diminution  perceptible.  And  yet  he  con- 
tinues: "All  these  materials  are  called 
steel,  and  have  the  same  external  appear- 
ance;  but  possessing,  as  they  do,  such  a 
range  of  strength  and  such  a  variation  in 
ductility,  it  becomes  absolutely  essential 
that  there  should  be  some  classification  or 
means  of  knowing  the  respective  qualities 
among  them."  Turning,  then,  to  the  effects 
of  this  uncertainty,  he  adds :  "  The  want 
of  such  a  classification  casts  an  air  of 
uncertainty  over  the  whole  question  of  steel, 
and  impedes  its  application.  To  this  want 
of  knowledge  is  to  be  ascribed  the  circum- 
stance that  many  professional  men  regard 
the  material  as  altogether  unreliable ;  while 
large  consumers  of  steel,  in  consequence  of 
the  uncertainty  of  the  quality  they  buy  in 
the  market,  seek  to  establish  works  on 
their  own  premises  and  make  their  own 
steel."  In  this  we  fully  concur,  but  believe 
that,  whilst  there  is  now  a  great  uncertainty 
in  every  way  regarding  both  the  quality 
and  strength  of  steel,  it  is  yet  possible  to 
fix  on  some  means  definitely  classifying  it ; 
we  venture  to  suggest  that  although  these 
matters  have  already  been  discussed  by  the 
Institution  of  Civil  Engineers,  their  varied 
aspects  still  offer  ample  room  for  further 
investigation  by  it  and  similar  societies,  and, 
indeed,    we    do    not    see    why    numerous 
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questions  connected  with  steel,  and  how  it  is  j  mation  so  much  required  on  this  material 
to  be  denned  and  classified,  should  not  be  j  by  our  engineers,  mechanics,  shipbuilders, 
made  the  subject  of  a  Government  inquiry,  |  electricians,    etc.     We   have    had   a   royal 


the  results  of  which  would,  we   doubt  not,    commission 
form  most  valuable   additions  to  the  infor- 1  steel  ? 


on    coal,    and    why    not    on 


THE  SEWAGE  QUESTION. 


From  "  Engineering. 


Hydra-headed,  the  sewage  question  is 
constantly  cropping  up,  and  September  has 
been  prolific  in  accounts  o*'  the  doings  and 
non-doings  of  those  who  profess  to  afford  a 
solution  of  this  difficult  question.  We  are 
at  a  loss  to  ascertain  which  of  two  impor- 
tant subjects— this  and  the  coal  question — 
is  of  the  most  value  to  the  community  at 
large.  On  either  side  much  is  to  be,  and 
has  been,  said,  yet  but  little  done.  Our  po- 
sition is,  therefore,  not  that  of  a  judge,  but 
to  state  all  those  facts  which,  having  been 
ascertained  carefully,  can  be  placed  before 
our  readers  for  their  decision. 

In  the  past  month  we  have  had  several 
items  of  fresh  intelligence,  either  pointing 
towards  improvements  of  old  processes  or 
suggesting  new  plans.  At  the  meeting  of 
the  British  Association  at  Bradford,  we  find 
that  the  treatment  of  sewage  by  precipita- 
tion methods  is  declared  to  be  an  entire 
failure.  On  the  other  hand,  we  learn  that 
the  Native  Guano  Company,  the  patentees 
of  the  ABC  process,  has  been  favorably 
reported  on  at  Leeds,  and  its  rival,  the 
Phosphate  Sewage  Company,  has  recently 
issued  a  circular,  in  which  an  absolute  con- 
fidence in  its  ultimate  results,  both  manu- 
rial  and  purifying,  is  asserted. 

A  new  scheme  has  lately  been  propagated 
for  draining  a  large  area  west  of  Tedding- 
ton  and  partially  east  (in  a  direct  line  to- 
wards the  Thames),  of  all  the  sewage  pro- 
ducts of  the  district,  proposing,  at  the  cost 
of  some  two  millions,  to  convey  the  sewage 
of  the  Thames  below  Crossness,  which  is  at 
present  the  position  of  outflow  for  the  sew- 
age of  so-called  South  London.  Practically 
we  may  call  this  the  west  outer  circle  of  our 
present  metropolitan  sewage  arrangements. 
It  will  embrace  numerous  towns,  villages, 
hamlets,  etc.,  which  now,  more  or  less,  dis- 
charge their  sewage  into  the  Thames.  The 
difficulty  that  has  to  be  contended  with  is 
one  almost  entirely  of  an  engineering  char- 
acter. In  other  words,  the  "levels"  are 
such  that  pumping  is  inevitable,  to  relieve 


these  districts  of  the  dangerous  nuisance  to 
which  they  are  now  subjected. 

We  have  frequently  urged  a  combination 
of  all  the  existing  sewage  schemes  as  most 
probably  leading  to  a  solution  of  the  whole 
sewage  question.  It  is  evident,  however, 
that  our  efforts  have  been,  and  are  likely 
to  be,  in  vain.  Irrigationists,  chemical  pre- 
cipitationists,  and  the  advocates  of  each  form 
of  earth-closet  system,  still  maintain  their 
individual  superiority,  and  expect  to  defeat 
all  their  opponents.  As  an  example  of  the 
present  position,  the  following  abbreviated 
reports  of  each  advocate  are  given  as  issued 
in  September. 

WTe  take,  first,  the  report  of  the  effects  of 
the  ABC  process  at  Leeds.  In  previous 
issues  we  have  described  and  criticised  the 
operations  of  the  company  at  Leeds,  Leam- 
ington and  Crossness.  It  was  shown  that 
the  manure  produced  at  Leamington  was 
generally  attended  with  good  results  when 
applied  to  suitable  soils.  We  have  before 
us  a  report  of  experiments  recently  made 
by  a  sub-committee  of  the  Streets  and  Sew- 
erage Committee  of  Leeds,  giving  the  com- 
pa.ative  results  that  attended  the  use  of 
various  manures  applied  to  parcels  of  land 
in  the  neighborhood  of  that  borough.  At 
their  last  annual  report  they  expressed 
themselves  as  quite  satisfied  wit  \  the  efflu- 
ent water  produced  by  the  ABC  process. 
But  the  manurial  question  was  not  settled, 
and  this — as  we  have  on  many  occasions 
pointed  out — is  a  most  important  item  in 
the  commercial  value  of  any  plan  of  dealing 
with  raw  sew.  ges. 

The  Leeds  authorities  took  six  patches  of 
land,  each  consisting  of  half  an  acre,  to 
make  what  we  may  properly  designate  re- 
liable experiments  on  the  value  of  the  ma- 
nure produced  by  their  work  at  Knostrop, 
where  they  treat  a  portion  of  the  Leeds 
sewage  by  the  ABC  process.  It  appears 
that  they  employed  six  different  dressings 
on  an  equal  number  of  half-acre  patches, 
namely,  of  street  sweepings,  which  at  Leeds 
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are  pretty  good,  considering  the  imperfect 
ecavengering  of  the  borough;  of  stable  ma- 
nure ;  of  Peruvian  guano  ;  of  "native  ma- 
nure," which,  so  far  as  we  can  learn,  is  a 
mixture  of  the  native  guano  from  the  Knos- 
trop  Works,  incorporated  with  the  midden 
refuse;  "native  guano"  pur  et  simple — 
that  is,  the  product  of  the  Knostrop  Works  ; 
and  sewage  mud,  which  may  be  considered 
as  the  natural  precipitate  of  the  sewage 
generally.  The  pecuniary  cost  and  product 
of  all  and  each  qi  these  experiments,  which 
have  been  just  concluded,  were  as  follows : 


Manure  Employed. 


Street  s%veepinffs. 
Sfalilc  manure  . . 
Peruvian  »;uano  . 
Native  manure  . . 
Native  quarto  . . . 
Sewage  mud 

Totals 


Cos* 

per 

Patch 

for  Dressing. 

£ 

p. 

d. 

4 

3 

6 

2 

8 

0 

1 

12 

10 

1 

11 

0 

1 

11  10 

1 

18 

10 

Value  of  Crop 
per  each  Patch. 


£  f.   d. 

2  13  10 

3  12 
2  16  7 
2  6 
2  16 
2    8 


}■> 


13    6  10 


16    2    6>£ 


It  hence  follows  that  £13  was,  in  round 
numbers,  expended  on  three  acres,  to  obtain 
a  return  of  about  £16,  or  about  £81  for 
each  £100  of  produce. 

The  results  so  obtained  are  somewhat 
anomalous.  The  Committee,  who  have  had 
the  management  of  these  trials,  and  whose 
impartiality  is  undoubted,  have  resolved  to 
make  sure  on  future  projects.  The  advo- 
cates of  the  ABC  process  maintain  that 
their  manure  is  not  a  stimulant  simply,  but 
that  its  effects  are  lasting.  We  have  every 
reason  to  believe  that  there  is  a  foundation 
for  this  idea,  as  our  own  experiments  have 
verified  it.  The  Committee  at  Leeds  there- 
fore proposed  to  leave  each  plot  exactly  as 
it  is  this  season,  to  test  the  permanent  value 
of  each  kind  of  manure  they  have  employed. 

It  is  somewhat  remarkable  that  the  na- 
tive guano  destroys  indigenous  weeds  and 
encourages  the  growth  of  grain,  and  espe- 
cially of  dandel.on,  while  sewage  proper  de- 
stroys the  latter,  and  encourages  the  growth 
of  a  heterogeneous  class  of  weeds.  Our  ex- 
perience on  this  point  has  been  respectively 
derived  from  a  year's  inspection  (two  sea- 
sons) of  native  guano  at  Leamington,  and 
sewage  at  Barking.  In  regard  to  the  uni- 
versality of  the  latter,  we  lay  ourselves  un- 
der correction,  simply  stating  that  by  the 
term  "  weels"  we  mean  such  products  of  a 


grass  field  as  the  generality  of  farmers  ob- 
ject to  for  green  food  and  hay  produce.  It 
appears  that  the  experience  of  the  Leeds 
authorities,  in  respect  to  the  native  guano, 
agrees  with  this  opinion,  and  this  is  the 
more  remarkable  on  account  of  the  great 
difference  which  subsists  between  the  so- 
called  weeds  of  Warwickshire  and  of  the 
West  Hiding  of  Yorkshire.  We  have  al- 
ready urged  on  our  readers,  in  our  "  Notes 
on  Sewage,"  the  importance  of  studying  the 
"botanical"  conditions  of  the  sewage  ques- 
tion. Mr.  Hope,  the  great  advocate  of  irri- 
gation, is  well  aware  of  the  importance  of 
this  point  in  regard  to  his  model  farm. 

From  these  remarks  it  is  evident  that  nei- 
ther chemical,  botanical,  nor  physical  condi- 
tions are  to  be  taken  separately  as  an  indica- 
tion of  the  value  of  any  special  mode  of  treat- 
ing sewage,  for  taking  all  the  results  of  sew- 
age treatment,  with  the  same  chemical  ele- 
ments or  compounds  present,  whether  at 
Croydon,  Barking,  Rugby,  Leamington, 
Warwick,  Leeds,  etc.,  the  practical  de- 
ductions are  not  uniform.  In  other 
words,  a  general  law  of  produce  should 
follow  the  presence  of  a  certain  amount 
of  nitrogeneous  and  carbonaceous  mat- 
ter in  a  given  amount  of  diluent, 
whether  that  be  water,  clay,  sand,  or  any 
other  comparatively  inert  material.  The 
anomaly  thus  arising,  however,  is  not  inex- 
plicable, for  it  is  evident  that,  while  the 
same  manure  may  be  applied  to  different 
soils,  or  the  same  soil  be  treated  by  dif- 
ferent manures,  the  results  must  be  affected 
by  the  varying  conditions  of  the  two  sets  of 
experiments. 

We  have  already  pointed  out  that  the 
manurial  value  of  any  deposits  affected  by 
the  ABC  process  depends  essentially  on 
the  kind  of  sewage  treated.  The  same  re- 
marks hold  good  in  regard  to  every  process 
employed  for  the  utilization  of  sewage.  We 
state  this  to  prevent  any  circumlocution  in 
our  further  observations. 

We  next  remark  on  a  circular  recently 
issued  by  the  Phosphate  Sewage  Company, 
which,  as  is  well  known,  is  the  chief  rival  of 
the  Native  Guano  Company,  excepting, 
however,  the  General  Sewage*  Company, 
working  under  Dr.  Anderson's  patent.  The 
distinction  between  these  two  processes  is 
easily  stated.  The  Phosphate  Company 
treat  a  natural  phosphate  or  alumina  by 
means  of  sulphuric  acid,  by  which  they 
obtain  a  certain  amount  of  phosphoric  acid, 
phosphate  of  lime,  sulphate  of  alumina,  and 
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sulphate  of  lime,  the  lime  salts  being  pro- 
duced by  the  addition  of  "  milk  of  lime," 
added  while  the  treated  phosphate  of  alu- 
mina is  passing  into  the  sewage.  In  our 
last  volume,  on  page  46,  we  gave  a  full  de- 
scription of  the  process  just  referred  to,  and 
we  also,  in  that  article,  drew  attention  to 
the  difficulties  in  which  the  company  found 
itself  placed  in  February  last.  By  the  cir- 
cular recently  issued  to  the  shareholders 
we  learn  that  the  company  have  nearly 
completed  their  experiments  at  Barking, 
which,  to  our  knowledge,  have  been  in  pro- 
gress over  a  year.  It  is  a  pity  that  public 
companies  are  formed  simply  to  try  ex- 
periments, when  the  prospectuses  on  which 
they  are  based  usually  state  that  such  ex- 
periments had  long  previously  insured  en- 
tire and  permanent  success. 

The  Phosphate  Company,  like  others, 
has  had  to  contend  with  the  difficulty  of 
drying  the  residual  product,  which,  gen- 
erally speaking,  is  very  intractable.  Num- 
erous sewage-drying  machines  have  been 
proposed,  but  we  learn  that  the  practical 
suggestions  of  Mr.  Henry  Morgan  have 
solved  this  difficulty.  A  public  trial,  which 
is  shortly  to  take  place  at  the  Barking 
Works,  will  afford  an  opportunity  of  judg- 
ing of  the  amount  of  success  thus  stated  to 
have  been  arrived  at.  But  a  peculiar  diffi- 
culty has  been  encountered  by  the  com- 
pany. It  was  originally  formed  to  work 
the  natural  phosphate  of  alumina  obtained 
from  the  island  of  Alto-Vela.  The  San 
Domingo  authoiities,  however,  ignored  the 
concession  which  had  been  granted,  and 
consequently  the  company's  supply  of  ma- 
terial was  stopped.  We  learn  by  their 
circular  that  they  have  now  on  hand  about 
18,000  tons  of  the  phosphate,  worth  about 
£60,000  ;  and  that  they  have  taken  pro- 
ceedings in  Chancery  to  recover  the  sum  of 
£65,00J,  which  had  been  paid  for  the  now 
forfeited  concession.  Failing  a  further  sup- 
ply from  Alto- Vela,  they  anticipate  no  dif- 
ficulty in  getting  a  similar  phosphate  from 
other  sources. 

Next  on  our  list  of  sewage  news  is  the 
report  of  the  Sewage  Committee  of  the 
British  Association.  We  are  not  surprised 
that  the  committee  prefer  irrigation  as  the 
solution,  and  the  only  one,  of  the  question. 
At  each  of  the  recent  meetings  of  that 
body,  and  of  the  Social  Science  Congress, 
irrigation  has  been  alone  considered  as 
effective.  For  all  practical  purposes  none 
of  the   chemical   processes   yet   introduced 


has  shown  any  results  approximating  finan- 
cially and  chemically  to  those  obtained  by 
the  direct  application  of  sewage  to  land,  as 
shown  in  the  Barking  and  Croydon  farms. 
Until  it  is  shown  that  similar  or  better  re- 
sults can  be  obtained  by  other  means,  the 
advocates  of  irrigation  are  justified  in  claim- 
ing the  nearest  approach  to  success  for  their 
plan. 

Having  visited  all  the  sewage  farms  in 
England  repeatedly,  at  the  different  sea- 
sons of  the  year,  we  have  come  to  the  con- 
clusion that  their  success  is  entirely  de- 
pendent on  proper  management.  In  ordi- 
nary farming  precisely  the  same  results 
hold  good.  The  chief  difficulty  to  be  con- 
tended with  in  establishing  a  universal  sys- 
tem of  irrigation  will  be  that  of  obtaining 
suitable  land  in  each  place  where  the  sys- 
tem is  to  be  adopted.  The  present  success 
of  the  existing  sewage  farms  is  essentially 
dependent  on  the  accidental  circumstance 
that  such  land  was  readily  available  in  the 
district  in  which  the  sewage  was  to  be  em- 
ployed. The  great  point  is  to  have  both  in 
the  surface  and  subsoil  great  powers  of 
absorption,  so  that  the  water  may  be 
rapidly  filtered  away,  leaving  the  manurial 
portions  of  the  sewage  ready  for  assimila- 
tion by  the  radicles  of  the  plant.  It  is  evi 
dent,  therefore,  that  a  stiff  clay  land  is 
utterly  unfit  for  sewage  irrigation. 

Last  in  our  list  of  reports  is  that  of  Dr. 
J.  Whitmore,  the  Medical  Officer  of  Health 
for  Marylebone.  It  will  be  remembered 
that  only  a  short  time  ago  the  outbreak  of 
typhoid  fever  in  the  parish,  traced  to  the 
use  of  a  certain  supply  of  milk,  led  to  the 
assertion  that  cows  fed  on  sewage  grass  had 
their  milk  so  affected  as  to  produce  such 
disease.  This,  however,  cannot  be  associa- 
ted with  the  Marylebone  epidemic,  except 
so  far  as  the  milk  was  concerned,  for  the 
cows  supplying  this  did  not  touch  sewage- 
grass.  Dr.  Whitmore  then  states  how  he 
traced  the  evil  to  one  farm.  The  company 
from  which  the  milk  was  obtained  possesses 
eight  farms.  Dr.  Whitmore,  with  Dr.  Cor- 
field  and  Mr.  Chambers  Morton,  visited 
these,  and  seven  were  pronounced  as  gene- 
rally satisfactory.  "At  the  eighth  farm, 
however,  the  condition  of  things  which  then 
existed  (middle  of  August),  coupled  with 
some  antecedent  facts  which  had  come  to 
our  knowledge,  demonstrated  beyond  the 
possibility  of  any  reasonable  doubt  that  the 
fountain  and  origin  of  the  epidemic  had 
been  at  last  found  out.     The  farm,  known 
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as  Chilton   Grove  Farm,  is   situated  some  j 
few   miles   from  Thame,  in  Oxfordshire."  I 
Having  examined   into  the  cause  of  death  I 
of  persons  resident  on  the  farm,  and  traced  ! 
it  to  typhoid  fever,  Dr.  Whitmore  remarks  :  ] 
"  The  farmhouse   and  buildings  are.  placed 
on  a  slope,  the  privy,  which  is  a  mere  open  j 
pit,  being  placed  at  the  highest  point,  and 
the    lowest,    the   well."      They    discovered 
that  the  leakage  from  the  privy  had  little 
to  obstruct  it  in  its  passage  to  the   latter, 
and  this  impurity  was  still  further  increased 
by   adjacent  manure  heaps   and  pig-styes. 
The  cans  used  to  hold  the   milk  were  daily 
washed  with  this  water,  and  Dr.  Whitmore 


considers  that  a  small  portion  of  the  liquid 
being  left  in  the  cans  was  sufficient  to  in- 
fect the  milk  afterwards  sent  away  in  them. 
The  supply  from  the  farm  was  instantly 
stopped,  and  one  cause  of  the  Marylebone 
epidemic  was  as  quickly  removed. 

We  forbear  to  make  any  further  obser- 
vation on  the  reports  of  which  we  have 
given  a  resume.  Our  object  is  to  place  be- 
fore our  readers  the  latest  phases  of  the 
sewage  question.  It  will  be  seen  that  the 
present  situation  is  eminently  one  of  diffi- 
culty, requiring  all  the  aid  that  science  and 
daily  experience  can  give  to  so  important  a 
subject. 


THE  MANUFACTUBE  OF  WHITE  LEAD,  AND  THE  SANKEY  WHITE 
LEAD  COMPANY'S  PROCESS. 

From  "The  Engineer." 


In  Dr.  Watson's  chemical  essays,  pub- 
lished at  the  end  of  the  last  century,  there 
is  the  following  short  description  of  the 
then  old  process  of  making  white  lead  : — 

"  White  lead,  or  ceruse,  is  lead  corroded 
by  viuegar.  Thin  plates  of  lead  are  rolled 
up  in  a  spiral  form,  and  placed  in  earthen  pots 
containing  vinegar.  These  pots  being  ranged 
on  proper  stages,  and  their  mouths  being 
covered  in  such  a  manner  as  to  permit  the 
vapor  of  the  vinegar  to  escape,  and  at  the 
same  time,  to  prevent  any  impurity  from 
falling  into  them,  a  quantity  of  horse  dung 
is  thrown  in  amongst  them ;  by  the  heat  of 
which  as  it  grows  putrid  the  vinegar 
is  raised  in  vapor,  and  this  vapor  at- 
taching itself  to  both  sides  of  every 
spiral  of  the  lead,  which  is  so  placed 
as  not  to  touch  the  vinegar,  it  corrodes  the 
lead  into  white  scales,  which,  being  beat  off 
from  the  plates,  washed,  and  ground  in  a 
mill,  constitutes  the  white  leadoi  the  shops." 

If  we  inquire  what  improvements  have 
been  made  since  this  account  was  written, 
we  shall  find  the  only  considerable  change 
has  been  in  the  substitution  of  tanners' 
spent  bark  instead  of  the  horse  litter.  The 
vinegar  or  alegar,  as  the  product  of  soured 
malt-extract  was  called,  has  also  been  re- 
placed by  pyroligneous  acid  more  or  less 
refined.  Except  minor  details  of  manu- 
facture, nothing  more  has  been  introduced 
to  alter  the  mode  of  producing  ceruse  or 
white  lead  by  this  Dutch  process.  Numerous 
attempts,  however,  have  been  made,  and 
-nany  patents  have  been  secured,  to  make  ] 
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the  article  by  a  shorter  method,  but  prac- 
tically none  have  reached  a  permanent 
success.  It  is  well  known  that  the  partic- 
ular quality  for  which  white  lead  made  by 
the  Dutch  process  is  renowned  is  what  is 
technically  called  "  body."  The  slow 
corrosion  of  metallic  lead,  in  which  we  have 
at  first  oxidation,  then  formation  of  lead 
acetate,  and  then,  without  actual  solution  of 
this  salt,  the  conversion  into  carbonate, 
when  carried  out  under  favorable  conditions 
of  fermentation  of  the  tan,  produce  a  solid, 
hard  mass  of  white  lead,  which  requires 
some  considerable  power  to  grind  under 
millstones.  When  thus  finely  ground  and 
levigated,  1  cwt.  of  white  lead  will  only 
take  up  about  10  lbs.  of  oil  to  give  it  the 
consistence  which  is  found  convenient  for 
packing  into  casks  for  paint.  The  Clichy 
process,  which  may  be  taken  as  a  type  of 
all  the  precipitating  methods,  consists  in 
dissolving  litharge  in  acetic  acid  until  a 
basic  acetate  is  produced,  which  is  then 
submitted  to  a  current  of  carbonic  acid. 
The  carbonate  is,  in  this  case,  formed  from 
solution,  and  is  easily  obtained  of  a  beau- 
tiful white  color,  and,  of  course,  as  an 
extremely  fine  powder.  The  valuable 
quality  of  body,  however,  is  sacrificed,  and 
1  cwt.  of  precipitated  lead  will  take  up  20 
lbs.  of  oil;  and  though  it  may  be  re- 
commended by  the  salesman  as  covering  a 
large  extent  of  surface,  the  covering  has 
not  the  opacity  of  the  lead  made  by  the 
older  process,  and  the  practical  painter 
declines  to  go  over  the  ground  three  times, 
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when,   with,  another  article,  two  coats  will 
suffice. 

For  some  time  the  Sankey  "White  Lead 
Company  have  successfully  worked  a  patent 
granted  to  Mr.  E.  Milner,  by  which  the 
conditions  for  obtaining  a  pure  white  lead 
with  the  desirable  quality  of  "good  body" 
are  arrived  at  by  ingenious  but  simple  means. 
The  ordinary  common  lead  of  commerce  is 
first  converted  into  flake  litharge  in  the 
usual  way.  The  litharge  is  finely  ground 
and  levigated,  then  mixed  with  a  certain 
amount  of  salt,  with  which  it  is  churned  for 
a  short  time.  An  extraordinary  change  is 
rapidly  set  up  in  the  litharge  pulp  whereby 
an  oxychloride  is  formed,  and  the  mass 
assumes  a  white  appearance,  and  exhibits  a 
strong  alkaline  reaction.  No  actual  solu- 
tion of  the  litharge  takes  place,  and  in  this 
respect  the  process  agrees  with  the  formation 
of  the  lead  acetate  in  the  Dutch  process. 
After  a  short  time  the  pulp  is  run  into  the 
carbonating  vessel,  where  a  current  of 
carbonic  acid  is  passed  through  the  mass  at 
a  moderate  pressure,  until  the  whole  charge 
is  converted  into  carbonate  of  lead.  The 
white  lead  is  then  collected  in  filtering  vats, 
washed  in  the  usual  manner,  and  on  the 
authority  of  Mr.  AVm.  Baker,  who  has  had 
large  experience  in  the  management  of 
white  lead  works,  it  cannot  be  distinguished 
from  that  made  by  the  Dutch  process.  The 
following  is  an  analysis  of  an  ordinary 
sample  of  the  Sankey  White  Lead  Com- 
pany's product: — Oxide  of  lead,  83.76; 
carbonic  acid,  15.06;  combined  water,  1.18= 
100.00.  Here,  then,  undoubtedly,  at  last  a 
successful  method  has  been  perfected, 
which  in  the  detail  of  manufacture  com- 
pares most  favorably  with  the  older  process. 
The  difficulty  of  obtaining  a  lead  sufficiently 
pure  for  white  lead  purposes  has  been  long 
felt  and  acknowledged.  Tlie  cost  of  re- 
fining even  the  better  qualities  of  market 
leads  for  the  older  process  is  done  away 
with,  and  any  of  the  common  brands  may 
now  be  utilized. 

It  is  now  well  known  how  prejudicial  to 
color  are  small  quantities  of  copper  and 
antimony,  and  even  smaller  quantities  of 
silver,  in  the  corrosion  of  lead.  The  trial 
of  a  new  brand  of  lead  must  be  made  with 
extreme  caution,  and  the  result  waited  for 
at  least  two  months.  The  saving  of  capital 
buried  for  this  space  of  time  is  of  course 
one  of  the  chief  features  of  the  new  process. 
Again  the  accidents  of  temperature  and  the 
state  of  the  bark  bring  about  uncertainty 


of  quality,  whilst  the  lead  returned  un- 
corroded  is  a  constant  charge  on  the  old 
process.  Manufacturers  will  be  glad  to 
welcome  a  mode  of  work  which  withdraws 
the  workmen  to  a  very  great  extent  from 
the  dangerous  contact  of  the  poisonous 
material  unavoidable  in  the  Dutch  process, 
for  they  only  know  the  cost  in  loss  of  time 
and  medical  attendance  which  this  entails. 
It  is  to  be  expected  that  the  Sankey  White 
Lead  Company  will  not  fail  in  having  the 
advantages  of  their  process  very  generally 
recognized. 


REPORTS  0E  ENGINEERS'  SOCIETIES. 

The  American  Institute  op  Mining  Engi- 
neers.— The  American  Institute  of  Mining1 
Engineers  held  a  meeting  on  the  22d  and  23d  of 
October,  at  Easton,  Pa.  Among  the  papers  pre- 
sented were  the  following :  A  process  for 
disentegrating  or  subdividing  iron ;  mode  of  sub- 
dividing, and  special  use  of  subdivided  blast  fur- 
nace slag ;  blast  furnace  slag  cement ;  manufacture 
of  compressed  stone-bricks,  all  by  Mr.  Bodmer  of 
England  ;  the  system  best  adapted  to  work  thiek 
coal  seams,  by  Oswald  J.  Heinrich  of  Virginia ; 
tests  of  steel,  by  A.  L.  Holley,  Esq.,  of  New  York. 

YTorth  Staffordshire  Institute  of  Mining 
li  and  Mechanical  Engineers. — Mr.  Haines, 
the  Secretary,  showed  a  model  of  a  "  Permanent 
Travelling  Fence,"  which  has  been  invented  by 
Mr.  "Wm.  Blakemore,  of  Wolverhampton,  with  a 
view  of  preventing  persons  accidentally  falling 
down  pit  shafts.  To  the  runner  which  covers  the 
pit  top  when  the  tub  or  cage  rests  upon  it,  is  at- 
tached the  fence,  and  as  the  runner  is  removed, 
to  admit  of  the  lowering  and  winding  up  of  the 
tub,  the  fence  is  easily  slided  round  the  shaft,  and 
effectually  protects  those  engaged  on  the  pit  bank 
from  accidentally  falling  down  the  shaft.  Mr. 
Homer  3aid  it  appeared  to  be  a  very  good  arrange- 
ment, and  was  very  simple,  which  it  ought  to  be, 
for  any  complicated  arrangements  ought  to  be 
avoided.  A  vote  of  thanks  was  unanimously  ac- 
corded to  Mr.  Blakemore  for  having  kindly  sent 
the  model  to  be  shown  to  the  members. 

Mr.  J.  Ash  worth,  of  Bank  Top  Colliery,  Burslem, 
then  introduced  and  explained  the  principle  of  a 
rock  and  coal  perforator  (Macdermott's  Patent) 
which  is  adapted  for  colliery,  mine,  tunnel,  and 
quarry  work.  It  consists  of  two  metal  bars  set  in 
the  form  of  a  St.  Andrew's  Cross,  and  jointed  at 
their  intersection ;  the  ui^per  extremities  of  the 
cross  being  connected  by  means  of  a  screw  and  nut 
set  in  a  tube,  and  the  lower  ends  roughened  at  the 
edges  and  steel  pointed.  There  is  also  a  third 
hanging  leg  of  variable  length,  to  take  the 
back  thrust  of  the  screw.  The  tube  at  the  top  of 
the  standard  carries  the  box  and  boring  mechanism, 
but  set  horizontally,  and  it  is  also  provided  with 
an  arrangement  for  turning  the  nut  on  the  screw. 
The  mode  of  operating  is  so  simple  as  not  to  require 
skilled  labor,  and  one  man  can  with  the  perforator 
do  the  work  of  three  or  four  men  boring  in   the 
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usual  way.  It  -will  bore  a  hole  equally  -well  in  any 
direction,  and  the  holes  by  it  are  straight  and 
cLean.  Mr.  Homer  said  he  had  sent  two  bailiffs  to 
see  one  of  the  perforators  work,  and  he  had  deter- 
mined to  order  some  to  be  used  in  his  pits  at  once. 
He  thought  that  anything  -which  they  could 
introduce  which  would  save  labor  would  be  a  step 
in  the  right  direction.  Hand  labor  was  so  difficult 
to  obtain,  that  if  they  could  get  anything  in  the 
shape  of  mechanism  to  do  the  work  of  coal  getting, 
it  would  be  better  for  all. 


IRON  AND  STEEL  NOTES. 

Swedish  Iron.— The  report  published  by  the 
Swedish  Board  of  Trade  of  the  export  of  iron 
up  to  the  end  of  August,  shows  a  considerable  de- 
cline, as  compared  with  the  same  period  of  1872. 
The  following  is  a  comparative  statement  of  the 
two  years : 

1873.  1872. 

Tons.  Ton?. 

Pig  Iron 39,400   ....  49.900 

Bar  Iron 57,500 79,700 

Rods 13,700  ....  13,000 

Blooms 5,900  ....     7,700 


Total 116,500 


150,300 


This  falling  off  is  the  more  remarkable,  as  the 
high  prices  must  have  stimulated  production,  and 
the  explanation  is  doubtless  to  be  found  in  the 
fact  that  all  the  available  stocks  at  the  principal 
shipping  ports  had  already  been  disposed  of  dur- 
ing the  preceding  year. — Iron  Age. 

Welding  Iron  and  Steel. — There  has  of  late 
been  considerable  discussion  upon  the  subject 
of  iron  and  steel,  and  we  think,  according  to  the  best 
information  that  can  be  obtained,  no  one  ever  had 
better  opportunity  for  testing  the  relative  proper- 
ties of  steel  and  iron  than  Sir  William  Armstrong, 
with  the  kingdom  of  Great  Britain  to  back  him. 

Sir  William  says :  "  It  is  impossible  that  I  can 
hold  any  other  opinion  than  that  the  vibratory 
action  attending  accessive  concussion  is  more  dan- 
gerous to  steel  than  to  iron,"  and  we  think  that 
years  of  experience  in  the  manipulation  of  iron 
and  steel  fully  atttests  the  correctness  of  his 
opinion. 

What  we  desire  to  impress  upon  the  public 
mind  is  the  importance  of  the  two  metals  combined 
for  such  purposes,  and  in  such  proportions  as  are 
best  adapted  for  the  uses  they  may  be  intended 
for ;  and,  further,  to  give  a  few  facts  in  the  work- 
ing of  steel  by  our  process  which  we  think  of 
great  utility,  and  which,  so  far  as  we  know,  has 
never  been  accomplished  by  any  other  process. 

We  contend  that  steel  cannot  be  made  to  answer 
the  purposes  of  steel  and  iron  at  one  and  the  same 
time;  that  is,  in  fact  it  must  be  either  steel  or 
iron ;  hence,  high  grades  and  low  grades  of  steel, 
as  they  are  termed,  and  the  lower  grades  but 
little,  if  any,  better  than  the  best  grades  of  iron. 

It  has  been  said  that  no  one  could  tell  where 
iron  leaves  off  and  steel  begins,  but  we  think 
steel  commences  where  iron  presents  carbon,  and 
steel  is  no  longer  steel  when  it  has  lost  its  carbon, 
for  it  is  carbon  that  makes  steel. 

At  a  recent  convention  of  the  American  Rail- 


way Master  Mechanics'  Association,  held  at  Balti- 
more, it  was  contended  that  steel  axles  did  not 
wear  as  long  as  iron.  The  reason  is  obvious.  No 
engineer  would  think  of  using  a  car  axle  made  of 
steel  proper — that  is,  of  steel  high  in  carbon,  which 
would  give  the  necessary  wearing  property,  but 
must  have  steel  that  will  stand  the  axle  test  of 
iron ;  consequently,  it  is  but  iron,  or  a  very  low 
grade  of  steel,  which,  for  wearing  purposes,  is  no 
better  than  iron. 

A  similar  difficulty  arises  in  the  manufacture  of 
railroad  rails.  Steel  that  is  best  adapted  to  wear- 
ing purposes  is  liable  to  sudden  fracture,  and 
would  not  be  considered  safe  "under  accessive 
concussive  strain,"  quoting  a  well  known  author  ; 
therefore,  the  Bessemer  steel  rail  has  but  the 
slightest  amount  of  carbon,  or  barely  enough  to 
distinguish  it  from  iron. 

We  claim  that  we  have  a  process  that  will  make 
safe  and  reliable  high  grades  of  steel  under  any 
and  all  circumstances,  giving  longer  life  to  rails 
and  axles,  and  safe  and  reliable  as  the  best  iron,  by 
combining  iron  and  steel  together. 

It  is  a  well  known  fact  that  ingot  steel  is  more 
or  less  open,  porous  or  spongy,  and  that  no  amount 
of  blooming  or  hammering  unites  or  welds  the 
particles,  from  the  fact  that  a  welding  heat  cannot 
be  taken  upon  the  ingot  after  leaving  the  mould. 
By  our  process  we  can  safely  bring  an  ingot  to  a 
welding  heat,  and  finish  it  into  a  bar  at  the  same 
heat,  without  in  the  least  detracting  from  the 
quality  of  steel.  -Iron  Aye. 


RAILWAY  NOTES. 

Continuous  Brakes  on  the  Midland  and 
other  Railways. — We  are  glad  to  notice 
that  the  painful  attention  excited  by  the  recent 
continuous  series  of  more  or  less  fatal  railway 
accidents,  enforced  as  it  has  been  by  the  energetic 
comments  and  strictures  of  the  press,  technical 
and  general,  daily  and  weekly,  is  beginning  to 
bear  fruit ;  and  that  in  consequence,  the  minds  of 
railway  directors  and  officials,  engineers  and  loco- 
motive superintendents,  are  opening  to  a  con- 
sciousness that  if  they  would  continue  to  keep  up  to 
the  level  of  public  sentiment,  and  stand  well  in 
public  opinion,  they  must  make  something  more 
than  mere  tentative  efforts  to  obtain  effective 
train-control.  It  is  only  the  other  day  that  an  ex- 
press-train ran  into  a  goods-train  on  the  North 
British  Railway,  with  fatal  results,  though  the 
engine-driver  could  see  the  obstruction  500  yards 
ahead,  but  could  not  pull  up  in  time;  and  people 
ask  themselves  seriously  why  these  things  should 
be,  when,  as  is  well  known — or  should  at  least  be 
well  known — there  is  more  than  one  invention,  for 
giving  thorough  control  by  continuous  brake-power, 
whereby  the  express-train  could  have  been  brought 
to  a  rest  within  half  that  dis'ance. 

It  is  all  very  well  for  leading  daily  journals — 
who,  in  matters  mechanical,  don't  know  a  piston 
from  a  pinion— forgetful  of  the  old  adage,  that 
there  are  more  ways  than  hanging  of  killing  a 
dog,  to  pin  their  faith  upon  a  single  method  or  in- 
vention, for  temporary  and  inscrutable  reasons, 
regardless  whether  it  be  or  not  the  best,  and  pla- 
cidly to  ignore  all  other  competitors,  however 
good  they  may  be ;  consigning  to  the  waste-paper 
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basket  all  communications  which  might  tend  to  ex- 
pose their  fallacy  and  enlighten  the  public.  But 
naply  there  are  more  Richmonds  in  the  field  than 
one,  thanks  to  the  printers ;  and,  grdce  avx  in- 
venteurs,  there  are  also  more  continuous  brakes 
than  one.  We  were  greatly  amused  about  a  week 
ago  at  reading  a  paragraph  in  a  leading  daily  con- 
temporary, under  the  heading  "Railway  Brakes,'' 
which  contained  a  thrillingnarrative  extracted  from 
an  American  paper,  and  sent  by  a  "  correspondent " 
as  being  of  interest  now  in  illustrating  the  utility 
of  "  air  brakes ;"  it  appears  that  the  engine-driver 
of  a  fast  train,  on  the  Hudson  River  Railroad, 
oame  in  sight  of  the  wreck  of  a  truck  (from  a  pre- 
ceding accident)  at  a  distance  of  about  a  quarter 
of  a  mile  t,440  yards);  the  engine  was  reversed,  and 
the  fireman  ran  back  and  "pulled  the  patents," 
which  held  spendidly,  so  that  the  collision,  when 
it  came,  as  come  it  did,  was  only  very  slight. 
Now  this  is  very  poor  testimony  indeed  to  the  value 
of  Continuous  brakes  to  begin  with ;  and,  more- 
over, as  a  matter  of  fact,  the  "  patents  "  in  ques- 
tion were  not  "  air  brakes  "  at  all,  but  Cremer's 
patent  brake,  a  very  different  thing  ;  which  is  a 
mere  safety  brake,  operated  by  springs,  kept  in 
continual  action,  and  only  released  for  a  case  of 
emergency  by  pulling  a  cord ;  the  hand  brakes 
being  used  for  ordinary  purposes. 

We  have  in  preceding  articles  given  a  descrip- 
tion of  the  pneumatic,  air,  or  Westinghouse  brake, 
as  used  on  many  American  lines ;  and  also  of 
Barker's  Hydraulic  Brake,  and  Chapin's  Electric 
Brake,  as  adopted  experimentally  on  British  rail- 
ways, which,  for  efficiency,  cannot  be  surpassed. 

It  would  seem — and  we  are  glad  to  record — that 
these  continuous  brakes  are  passing  rapidly  beyond 
the  experimental  stage ;  and  we  learn  that  the 
Midland  Railway,  in  particular,  under  Mr.  All- 
port's  vigorous  management,  is  giving  evidence 
of  great  and  praiseworthy  enterprise.  They  are 
now  fitting  up  no  less  than  four  trains  and  four- 
teen "  Pullman's  "  cars,  provided  with  the  electric 
continuous  brake  of  Mr.  W.  B.  Chapin.  Most  of 
our  readers,  even  those  who  have  not  graduated 
in  American  railway -locomotion,  will  be  familiar 
with  the  famous  American  sleeping-cars,  for  long 
journeys,  comprising  every  convenience,  which  go 
by  the  name  of  their  inventor,  Mr.  Pullman.  The 
Midland  Railway  Company  will,  we  believe,  be 
the  first  to  introduce  them  on  a  large  and  practical 
scale  in  this  country  ;  and  these  fine  carriages,  be- 
sides being  provided  with  the  electric  brake,  are 
fitted  up  with  what  is  known  as  the  Miller  plat- 
form, and  Allen  wheels.  These  wheels  are  made 
of  compressed  paper  sheathed  with  wrought-iron 
plates  and  hooped  with  crucible  steel  tires,  made 
and  supplied  by  the  famous  Krupp,  of  Essen,  at 
£20  each,  specially  for  Mr.  Pullman's  cars.  We 
recently  gave  a  brief  account  of  the  Allen  wheel, 
for  which  Mr.  W.  B.  Chapin,  82  Lombard  street, 
London,  E.  C,  is  the  sole  agent  in  this  country, 
pnd  we  shall  shortly  give  fuller  details  of  the 
same. 

But  it  is  not  only  on  the  Midland  line  that  con- 
tinuous brakes  are  being  adopted  ;  we  learn  that 
trains  are  being  fitted  up  with  the  electric  brake 
on  the  South  Eastern  and  North  British  lines,  in 
this  country,  all  the  fittings  being  made  for  Mr. 
Chapin  by  the  firm  of  Stacey,  Davis,  &  Co., 
Derby,  and  supplied,  for  each  carriage  individu- 
ally and  complete,  to  the  companies. 


Complete  sets  of  electric  continuous  brake  fit- 
tings are  also  being  sent  out  for  trains  on  various 
foreign  lines  of  railway ;  among  others  to  the 
lines  of  the  Societe  Gene'rale  des  Chemins  de  Fer, 
in  Russia ;  the  Chemin  de  Eer  de  l'Est,  in  France; 
the  Austrian  Nordbalm  (Director  von  Crichlaer) ; 
Carl  Pill's  Norwegian  narrow  gauge  line;  also  to 
lines  in  Central  America,  for  Mr.  Keith  ;  and  to 
Messrs.  Miggs,  chief  engineers  and  Governnn  nt 
contractors  in  Peru,  and  for  lines  on  the  West 
Coast  of  South  America. 

Thus  we  may  hope,  and  confidently  look  for- 
ward to  the  time  as  being  near  at  hand,  that 
thorough  train  control  will  be  secured  upon  every 
railway  by  the  adoption  of  efficient  continuous 
railway  brakes,  of  one  kind  or  another,  upon  every 
train,  passenger,  goods,  or  mineral. — Iron. 

r)AiLWAY    Accidents.— The  following   frk-ht- 
1   tul  record  we  copy  from  the  columns  of  '*  The 
Railroad  Gazette." 

For  the  twelve  months  ending  with  Augustour 
record  stands  as  follows : 


September,  1872 

October , 

November ....    , 

December 

January,  1873. . , 

February  

March 

April . 

May 

June 

July 

August 

Totals.... 


Accidents. 

Killed. 

71 

24 

90 

29 

103 

37 

112 

42 

178 

40 

133 

25 

112 

18 

101 

23 

79 

10 

% 

12 

90 

18 

150 

63 

1,309 

341 

Injured. 


104 

102 

114 

133 

199 

126 

92 

88 

113 

104 

80 

155 

1,410 


In  this  we  have  made  a  correction  in  the  July 
report  published  last  month,  which  reduces  the 
number  of  injured  by  89,  there  having  been  re- 
ported 42  hurt  by  an  accident  in  Minnesota  by 
which  only  three  were  injured. 

Last  year  (when  our  report  was  exceptionally 
imperfect,  however),  we  reported  for  August  (53 
accidents,  by  which  15  were  killed  and  49  in- 
jured. 

The  report  this  year  shows  a  shockingly  great 
and  unaccountable  number  of  accidents,  many  of 
which  were  exceptionally  serious.  rihe  freshets  of 
the  month  might  account  for  some  increase, 
especially  in  the  slighter  accidents,  and  probably 
the  great  accidents  attracted  so  general  attention 
to  the  subject  that  such  casualties  were  more  fully 
reported  in  the  newspapers  ;  but  this  cannot  ac- 
count for  the  enormous  number,  which  was  ex- 
ceeded only  in  the  month  of  January,  when  half 
the  railroads  in  the  country  were  running  on 
snow.  And  an  examination  of  the  several  cases 
indicate  that  no  natural  cause  special  to  the  time 
had  anything  to  do  with  the  greatest  portion  of 
them,  and  especially  the  more  serious  ones,  but 
there  seems  to  have  been  an  epidemic  of  disorder 
and  disobedience.  Several  of  the  severest  were 
the  direct  fruit  of  a  clear  disobedience  of  orders, 
and  in  three  cases  train  men  were  recommended 
for  indictment  for  criminal  negligence,  while  in 
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one  they  were  actually  indicted.  A  severer  dis- 
cipline seems  to  be  the  great  lesson  taught  by  the 
frightful  record  of  the  month. 

The  average  number  of  accidents  per  day, 
according  to  our  reports  since  the  beginning  of 
the  current  vear,  has  been:  Januarv,  5.74/,  Feb- 
ruary, 4.75:  March,  3.61;  April,  3.37;  Mav,  2.55; 
June,  3.00;  July,  2.90;  Angust,  4.84;  for  the 
eight  months,  3.43. 

The  railroads  in  most  parts  of  the  country  are 
now  having  or  beginning  to  have  their  heaviest 
traffic,  and  crowding  of  roads  increases  danger, 
while  the  increase  in  the  number  of  trains  of 
course  multiply  the  individuals  which  are  subject 
to  accident. 

P rall's  Pump  —Mr.  W.  E.  Prall,  of  Washing- 
ton, has  supplemented  his  invention — brought 
out  last  year — of  an  apparatus  for  supplying  ten- 
ders of  locomotive  engines  with  water,  by  improve- 
ments intended  to  obviate  all  risk  of  obstruction 
by  foreign  substances,  causing  the  apparatus  to 
become  inoperative.  Mr.  Prall's  original  inven- 
tion, now  pretty  generally  known,  depends  upon 
the  automatic  action  of  a  valve  in  a  water  tank, 
unprovided,  however,  by  any  appliances  whereby 
the  valve  can  be  adjusted,  or  its  automatic  action 
affected  by  the  lodgment  of  any  foreign  substance ; 
a  defect  which  it  is  the  object  of  the  present  im- 
provement to  remove,  while  retaining  the  perfect 
automatic  action.  The  valve  used  is  either  a 
clack,  hinge,  or  spindle  valve,  in  combination 
wherewith  is  arranged  a  lever  pivoted  to  the  walls 
of  the  tank,  or  on  any  other  suitable  and  conve- 
nient support;  and  connected  with  a  rod  extend- 
ing upwards  with  a  handle  above  the  reservoir,  in 
some  position  convenient  for  manipulation.  For 
the  purpose  of  maintaining  the  submerged  tank 
in  its  position  at  the  bottom  of  the  reservoir,  even 
when  the  water  is  entirely  expelled  therefrom, 
the  eduction  pipe  is  made  to  act  as  a  stay,  or 
special  braces  are  affixed  from  the  walls  of  the 
reservoir  to  the  tank.  For  the  attachment  be- 
tween the  air-reservoir  pipe  and  the  water-reser- 
voir pipe,  the  coupling  consists  of  a  male  part,  with 
a  collar  on  one  end,  provided  with  grooves  to  per- 
mit the  passage  of  two  hooks  on  the  female  part  of 
the  coupling. 


ENGINEERING  STRUCTURES. 

The  Great  Bridge  at  Loutsiana,  Mo. — A 
writer  in  the  Louisiana  i  Mo.)  "  Press,"  of  recent 
date,  thus  desaribes  the  great  bridge  now  in  course 
of  construction  at  that  point : 

Starting  from  this  side,  we  first  encountered  a 
number  of  men  at  work  with  the  steam  pile  saw, 
cutting  off  piles  below  the  surface  of  the  water, 
for  the  foundation  of  the  first,  or  shore  pier.  This 
consisted  of  a  circular  saw  fixed  on  the  end  of  an 
upright  shaft  and  run  by  a  steam  engine.  The 
frame  work  was  moved  along  from  pile  to  pile  and 
so  regulated  as  to  cut  them  off  on  a  level.  In  this 
manner  the  foundations  for  the  piers  are  con- 
structed. The  piles  aro  first  driven  into  the  bed 
of  the  river  with  a  hammer  weighing  3,200  lbs., 
worked  by  steam  engines,  and  these  piles  are 
evenly  sawed  off  in  the  manner  described.  The 
caissons  are  launched  and  they  float  immediately 
over  the  foundation  prepared  for  their  reception, 


until  the  weight  of  the  masonry  sinks  them  to 
their  places.  The  caissons  are  constructed  of 
heavy  pine  and  oak  timbers.  A  strong  platform 
of  square  oak  timber  is  first  made  from  two  to  six 
courses  in  thickness  :  then  two  courses  of  pine 
plank  are  overlaid,  the  top  course  being  jointed 
and  tightly  caulked.  The  sides  and  ends  are  at- 
tached and  held  together  by  means  of  iron  bolts 
and  dogs,  and  after  a  thorough  caulking,  a  large 
water-tight  box  is  thus  secured  for  the  building 
of  the  piers.  The  derricks  are  next  brought  into 
requisition,  and  the  dimension  stone  is  lifted  from 
the  flat  boat  and  placed  by  the  masons  in  the 
caissons.  The  increasing  weight  of  the  pier  as  it 
goes  up,  gradually  sinks  the  caisson  until  it  rests 
securely  on  its  foundation.  The  diver  is  then 
called  upon  to  make  the  above  described  platform 
or  bottom  of  caisson  secure  to  the  pile  foundation, 
which  is  done  with  heavy  iron  drift  bolts.  The 
sides  and  ends,  however,  are  taken  off  and  used 
ajrain  on  other  occasions.  Thus  the  piers  are  con- 
structed. 

The  next  place  visited  was  the  pivot  pier, 
and  that  mass  of  solid  stone  work  is  the  principal 
feature  of  the  entire  substructure.  It  is  a  model 
of  masonry  and  bridge  architecture.  It  is  almost 
round,  with  a  diameter  of  42  ft.  at  the  base  and 
40  ft.  at  the  top.  It  contains  1,200  cubic  yards  of 
solid  stone — all  put  up  in  the  incredibly  short 
space  of  12  days. 

It  is  underlaid  with  120,000,  board  measure,  ft. 
of  square  timber ;  15,000  lbs.  drift  bolts  were 
used  in  its  construction,  and  the  whole  "  structure 
of  majestic  frame  "  rests  on  200  piles.  Two  rest 
piers,  each  200  ft.  from  pivot  pier,  built  of  oak 
and  filled  with  riprap,  will  support  the  end  of 
the  draw  when  turned  for  the  passage  of  boats. 
A  break  crib,  made  of  oak,  filled,  with  stone  and 
sheathed  with  iron,  will  be  placed  above  the  upper 
rest  pier.  Two  floats,  each  200  ft.  long,  built  of 
wood  and  iron,  whose  ends  are  made  to  fit  into 
grooves  in  the  corners  of  the  pivot  pier,  and  re- 
spective corners  of  the  corresponding  rest  piers, 
are  to  be  constructed  so  as  to  rise  and  fall  with 
the  water.  These  serve  for  a  protection  of  the 
main  pier  to  keep  out  boats,  rafts  and  heavy  drift 
wood.  Eleven  smaller  piers  will  complete  the 
points  of  support  on  which  the  bridge  will  rest, 
and  of  which  four  are  already  completed.  There 
will  be  eleven  spans  of  the  following  length : 
Two  draw  spans,  each  200  ft.  in  clear  ;  one  raft 
span,  250  ft  ;  one  200  ft.,  and  seven  others  1G0  ft. 
each.  The  superstructure  will  be  of  iron,  and  is 
to  be  built  by  the  Kelloga:  Bridge  Company,  of 
Buffalo,  N.  T.,  and  the  Keystone  Bridge  Com- 
pany, of  Pittsburg,  Pa. 

In  connection  with  the  bridge  are  the  east  and 
west  approaches,  the  latter  having  a  bridge  over 
Noix  creek  120  ft.  span,  built  on  stone  abutments. 
This  approach  extends  5i)0  ft.  into  the  river,  con- 
structed of  heavy  embankments  and  strong  riprar> 
walls,  while  the  east  approach  is  built  out  1,200 
ft.  in  the  river  with  similar  embankments. 

On  the  bridge  proper  5,0f*0  cubic  yards  of  first 
class  masonry,  45,000  cubic  yards  of  riprap, 
180,030  yards  of  earth  in  embankment  and  5,'  00 
piles  will  be  used  in  the  substructure.  All  the 
masonry  rests  on  timber  foundations  sunk  4 
ft.  below  lowest  water  ever  known.  A  large  lot 
of  machinery  has  been  in  constant  use  on  the 
works,  among  which  may  be  enumerated  :  3  pile 
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drivers  run  by  steam  engines :  3  derricks  for  lay- 
ing piers,  also  operated  by  steam  engines,  and  one 
by  horse  power;  8  hand  derricks  used  on  shore 
for  handling  stone,  loading  boats,  etc.  ;  20  flat 
boats  for  handling  dimension  stone,  riprap,  piles 
and  timber ;  a  divers'  boat,  apparatus  and  crew, 
for  work  under  water,  and  a  steam  boat  for  tow- 
ing. 

The  cost  of  the  substructure  in  the  aggregate 
will  amount  to  nearly  $30i>,000.  At  the  present 
rate  of  work  the  whole  bridge  will  be  ready  for 
the  crossing  of  trains  by  the  25th  of  December. 
Iron  Age. 

Modern  Tunnelling.— In  the  Economy  and  Sta- 
tistics Department  of  the  British  Association, 
Mr.  C.  Bergeron  Lausanne,  Switzerland )  gave  a  de- 
scription of  the  works  connected  with  the  St.  Go- 
thard  Tunnel,  the  contractors  for  which  are  under 
heavy  penalties  to  complete  it  in  nine  years,  and 
which  will  be  more  than  2  miles  longer  than  the 
Mont  Cenis  Tunnel.  The  drills  used  were  those  of 
Messrs.  Dubois  and  Francois,  and  were  made  at 
Seraing.  These  machines  were  worked  with  com- 
pressed air  at  5  atmospheres.  Dynamite  was  used 
for  blasting,  but  the  process  was  very  slow.  He 
had  heard  that  the  Americans  were  going  to  con- 
struct a  tunnel  11  miles  in  length  in  five  years, 
and  he  supposed  they  would  use  some  more  im- 
proved means.  He  had  seen  machines  for  boring 
holes  3  or  4  ft.  in  diameter,  the  blows  being  struck 
with  a  force  of  8  or  10  tons.  He  thought  that 
probably  some  adaptation  of  the  steam  hammer, 
mounted  on  trunnions  like  a  cannon,  would  be  in- 
vented, which  would  smash  the  rocks  and  super- 
sede blasting  entirely.  Sir  John  Hawkshaw  said 
the  subject  of  cutting  or  boring  through  rock  was 
one  of  great  importance  at  this  moment,  because 
the  age  was  apparently  going  to  be  one  of  long 
tunnels— tunnels  which,  until  recently,  were  never 
dreamed  of.  The  author  of  the  paper  had  spoken 
of  hammering  machines,  but  at  present  he  could 
not  see  any  other  way  of  cutting  except  by  boring 
by  such  a  machine  as  that  which  was  brought  un- 
der the  section  on  Monday— Burleigh's  boring  ma- 
chine, which  he  had  inspected  that  morning,  and 
which  seemed  an  admirable  machine  for  boring 
hard  rock.  Of  course  this  system  necessitated 
blasting,  and  the  great  evils  connected  with  it. 
He  was  inclined  to  think,  however,  tbat  with  a 
little  more  care  and  attention  in  cutting  round  the 
circumference,  some  of  the  evils  of  blasting  might 
be  avoided,  although  there  would  always  be  dan- 
ger and  difficulty.  The  system  mentioned  by  the 
author  of  the  paper  seemed  to  him  not  only  too 
expensive,  but  going  back  to  brute  force,  and  not 
depending  upon  mechanical  skill. — Railroad  Ga- 
zette. 


OBMANCE  AND  NAVAL. 

The  German  Nayy. — According  to  the  Navy 
list  of  the  German  empire,  which  has  just 
been  issued,  Germany  possesses,  besides  ten  un- 
armed steamers  and  eight  unarmed  sailing  vessels, 
eleven  ironclads,  one  line  of  battle  ship,  five  first 
and  eight  second-class  corvettes,  four  advice  boats, 
one  yacht,  nineteen  gunboats,  two  transport 
steamers,  two  sailing  frigates,  and  three  sailing 
brigs — altogether   fifty-six   ships,   fifty   of  which 


number  are  armed  with  378  guns.  These  numbers 
look  very  well  on  paper,  but  in  reality  they  are 
reduced  considerably  if  the  vessels  still  building 
and  those  of  no  use  in  war  are  subtracted.  Five 
ironclads  and  three  corvettes  of  the  second  class 
are  still  building,  and  most  of  the  remaining  ves- 
sels, especially  the  sailing  ships  and  the  gunboats 
of  older  construction,  are  useless  for  war.  It  will, 
nevertheless,  be  interesting  to  learn  the  names, 
etc.,  of  those  vessels  which  will  form  the  nucleus 
of  their  future  navy.     These  are : — 
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Prinz  Adalbert 
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130 

The  list  shows  that  to  man  the  ships  already 
completed  7,833  men  are  required,  which  number 
will  be  raised  to  upwards  of  11,000  after  the  com- 
pletion of  the  ships  now  building. 

The  German  "  Infant.-' — The  German  700-lbs. 
"  Infant,"  which  is  30j  centimetres  in  diameter, 
has,  according  to  the  "  Borsen  Zeitung,''  of  Berlin, 
"already  fired  230  shots,  5  of  them  with  the  max- 
imum charge  of  130  lbs.,  without  sustaining  the 
slightest  injury,  either  to  the  barrel  or  the  car- 
riage, while  the  new  English  GOO  (?  700)  pounder, 
the  '  Woolwich  Infant,'  which  is  thought  so  much 
of  in  England,  was  strained  in  the  barrel  after  the 
fourth  shot.''  Though  230  discharges  are  very 
few  in  comparison  with  the  requirements  of  war, 
yet  it  is  noteworthy  that  no  English  gun  of  similar 
calibre  has  sustained  anything  like  this  number  of 
minds,  and  that  the  German  "Infant"  has  gone 
through  this  ordeal  "  without  sustaining  the 
slightest  injury  to  the  barrel,"  whereas  the  "Wool- 
wich Infant"  had  "  the  driving  edges  of  the  grooves 
slightly  worn,"  and  local  scoring  begun  after  only 
6  rounds  from  the  11.6-in.  bore.  After  35  dis- 
charges, the  erosions,  enlargements,  and  groove 
marks  were  removed  by  boring  the  "  Woolwich 
Infant"  up  to  a  12-in.  barrel ;  but  at  the  12th  round 
the  renewed  barrel  showed  enlargements  where 
the  rear  studs  come  first  into  driving  bearing,  at 
the  33d  round  4  grooves  were  found  cracked  at  the 
same  spot,  and  at  the  38th  round  the  "Infant" 
was  found  Jwrs  de  combat  from  an  accumulation  of 
injuries  at  the  point  where  the  rear  stud  comes 
into  driving  bearing.  Contrasted  with  this  lim- 
ited endurance,  the  Germans  have  some  right  to 
crow  over  "  The  '  Woolwich  Infant,'  which  is 
thought  so  much  of  in  England,"  seeing  that  their 
700-pounder   "  Infant "    "  has    already  fired  230 
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shots,  5  of  them  with  the  maximum  charge  of  130 
lbs.,  without  sustaining  the  slightest  injury  to  the 
barrel."  The  second  "  Woolwich  Infant"  has  been 
returned  from  Shoeburyness  to  the  Royal  G-un 
Factories,  without  firing  even  so  many  heavy 
charges  as  its  precursor,  and  is  not  likely  to  be 
allowed  to  be  injured  by  rapid  discharges,  even  if 
it  fire  any  more  projectiles  with  heavy  charges  at 
all.  It  is  also  noteworthy  that,  whereas  the 
"  "Woolwich  Infant "  is  reduced  to  a  maximum 
charge  of  110  lbs.  P.  powder,  the  German  "In- 
fant" consumes  130  lbs.  powder.  We  are  not  told 
by  the  "Borsen  Zeitung'  what  initial  velocity  is 
produced  by  this  130  lbs.  charge,  but  if  the  incre- 
ment of  velocity  be  at  all  proportioned  to  the  in- 
crease of  charge,  the  battering  power  must  be 
greatly  in  excess  of  our  "  Infant,"  though  inferior 
to  that  of  the  French  "  Infant, '  which  consumes 
137  lbs.  of  powder  behind  an  820-lb.  shot.  Thus 
the  rifling  system,  which  "has  decidedly  the 
lowest  velocities,"  with  similar  charges,  has  neces- 
sarily decidedly  the  smallest  maximum  powder 
charges,  and  consequently  "  decidedly  the  least 
penetration." 
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rPHE  Galvanometek  and  its  Uses;  A  Man- 
1  ual  for  Electricians  and  Students.  By 
C.  II.  TIaskins.  New  York:  D.  Van  Nostrand, 
23  Murray  street.     1873. 

The  distinguishing  characteristic  of  the  electric 
and  telegraphic  literature  of  the  past  few  years  is 
its  eminently  practical  character.  Although  the 
telegraph  has  been  in  commercial  use  in  England 
since  1839,  and  in  America  since  1844,  yet  the 
large  number  of  operators  engaged  in  its  service 
were,  for  a  quarter  of  a  century,  almost  entirely 
dependent  upon  verbal  and  empirical  instruction 
for  such  technical  knowledge  as  they  were  able  to 
acquire.  It  is  true  there  was  no  especial  lack  of 
books  on  the  telegraph,  both  of  a  historical  and  a 
popular  character.  Many  of  these  were  of  great 
interest  and  value,  and  not  by  any  means  destitute 
of  scientific  information,  but  yet  the  average  ope- 
rator might  have  searched  in  vain  through  the 
pages  of  Lardner,  Jones,  Turnbull,  Schaffner  and 
Prescott  for  instruction  which  would  enable  him 
to  set  up  the  simplest  way  office  on  a  telegraph 
line,  with  its  local  battery,  switch,  lightning  ar- 
rester, etc.,  properly  arranged  for  service,  to  say 
nothing  of  the  mysteries  of  repeaters,  combination 
locals,  and  other  more  or  less  complicated  arrange- 
ments, which  it  is  now  incumbent  upon  every  good 
operator  to  understand.  Even  such  a  simple  and 
every-day  operation  as  that  of  testing  for  the  loca- 
tion of  a  cross,  might  have  forever  remained  an 
enigma  to  the  ordinary  operator,  so  far  as  he  de- 
pended upon  books  for  his  enlightenment.  We 
can  all  remember  how  it  was  a  dozen  years  ago. 
There  were  one  or  two  persons  in  every  large  tele- 
graph office  who  had  a  local  and  sometimes  a  na- 
tional reputation  as  "  great  electricians.''  They 
were  especially  "  great  "  on  "  connections,"  and 
their  sagacity  and  success  in  "  hunting  trouble  " 
used  to  be  regarded  by  the  rank  and  file  as  some- 
thing little  less  than  superhuman.  Those  men 
had  acquired  their  really  superior  practical  knowl- 
edge by  long  and  careful  observat  ion  and  experi- 


ment, with  no  guide  but  their  individual  intelli- 
gence and  common  sense.  Their  theories  were 
crude  and  erroneous,  and  often  calculated  to  ex- 
cite the  smile  of  the  more  highly  educated  tele- 
grapher of  to-day  ;  but  when  we  consider  their 
limited  opportunities  for  sound  scientific  instruc- 
tion, and  the  many  difficulties  they  were  obliged 
to  contend  with,  of  which  the  operator  of  to-day 
has  no  conception,  their  practical  success  as  ope- 
rators, managers  and  superintendents,  is  certainly 
little  short  of  wonderful.  It  is  hardly  fair  to 
blame  those  men  if  they  sometimes  chose  to  keep 
their  knowledge  to  themselves  as  much  as  possible, 
after  all  the  labor  and  time  spent  in  accumulating 
it,  nor  if  they  at  first  looked  with  disapprobation 
and  even  dismay  upon  the  new  order  of  things, 
when  the  most  ordinary  "  plug "  might,  if  he 
chose,  learn  to  run  wires  and  set  up  repeaters  as 
correctly  as  the  chief  operator  himself. 

The  publication  of  Mr.  Culley's  "  Handbook  of 
Practical  Telegraphy"  in  England,  and  of  Mr. 
Pope's  "Modern  Practice  "  in  this  country,  mark- 
ed the  commencement  of  a  new  era  in  telegraphic 
literature.  The  laws  of  electrical  science,  hitherto 
considered  so  abstruse  and  difficult,  were  explain- 
ed in  a  concise  and  easily  understood  manner,  and 
their  practical  application  to  the  every-day  work 
of  the  telegraph  office  exemplified.  Both  these 
treatises  were  in  many  respects  incomplete  and 
defective,  but  their  positive  merits  far  outweighed 
their  shortcomings.  ^That  they  supplied  an 
acknowledged  want  is  shown  by  the  fact  that 
their  circulation  has  been  actually  enormous,  in 
proportion  to  the  number  of  persons  engaged  in 
telegraphic  pursuits  in  the  two  countries. 

When  Pope's  "  Modern  Practice  "  was  first  pub- 
lished, now  less  than  five  years  ago,  the  system 
of  testing  telegraph  lines  and  apparatus  by  actual 
measurement  was  almost  utterly  unknown  to  the 
practical  telegraphers  of  America.  There  were 
probably  not  a  dozen  persons  in  the  service  who 
had  any  intelligible  idea  of  the  process,  either  in 
theory  or  practice,  and  these  few  were  generally 
looked  upon  as  "  visionary  theorists,"  who  would 
bear  watching  pretty  closely.  Since  that  time 
knowledge  of  this  kind  has  been  rapidly  and  uni- 
versally diffused,  by  the  circulation  of  a  practical 
class  of  books,  and,  perhaps,  in  a  still  greater 
degree,  by  the  able  contributions  of  such  men  as 
Farmer,  Brooks,  Pope,  Haskins,  and  others  in  the 
"  Telegrapher  " — the  value  of  which  to  the  tele- 
graphic interest  of  the  country  has  been  simply 
incalculable. 

In  the  present  work  Mr.  Haskins— who  needs  no 
introduction  to  our  readers — has  given  us  a  book 
that  every  working  electrician,  both  here  and 
abroad,  will  be  very  grateful  for.  Here  are  all 
the  necessary  tables  and  formulae  ;  everything  re- 
quired for  every  imaginable  test,  conveniently  and 
compactly  arranged,  and  put  up  in  a  form  which 
can  be  carried  in  the  pocket,  so  as  to  be  ready  for 
use  at  all  times,  and  at  a  moment's  notice.  The 
idea  is  a  good  one,  and  worthy  of  the  strong  com- 
mon sense  of  the  author.  We  are  pleased  to  s.e 
that  it  has  been  equally  well  carried  out. 

Mr.  Haskins  says,  in  the  first  place,  that,  "  To 
enable  the  student  to  work  understandingly  in 
galvanometrical  measurements,  it  is  necessary 
that  he  should  comprehend  the  laws  on  which 
such  measurements  are  based."  Accordingly,  he 
gives  in  the  "  explanatory  chapter  "  a  condensed, 
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thorough,  plain  and  easily  understood  summary, 
embracing  the  laws  regulating  the  flow  of  the 
current,  resistance,  electro-motive  force,  units  of 
measurement,  etc.,  in  accordance  with  the  most 
generally  received  modern  theories.  This  chapter 
is  well  adapted  to  the  comprehension  of  the 
average  telegrapher,  and  ought  to  enable  him  to 
attain  a  satisfactory  knowledge  of  the  subject. 
We  must,  however,  take  exception  to  one  state- 
ment on  pages  13  and  14,  or  at  leastto  the  manner 
in  which  it  is  presented.  The  author  says  :  4<  In 
all  cases  the  expenditure  or  consumption  of  ma- 
terial in  a  battery  is  in  exact  proportion  to  the 
work  done,  that  is  to  the  current  evolved  ;  .there- 
fore, the  expenditure  of  battery  material  with 
three  lines  to  a  battery  is  three  times  that  of  one 
line  to  the  same  battery,  and  there  is  no  economy 
in  working  several  lines  from  one  battery  except 
in  room  occupied." 

Mr.  Haskins'  premises  are  correct,  but  his  con- 
clusion is  otherwise.  If  we  practically  obtained 
in  the  exterior  circuit  the  whole  force  generated 
by  the  consumption  of  material  iu  the  battery,  the 
statement  would  be  true,  but  such  is  unfortu- 
nately not  the  case.  The  loss  from  "  local  action," 
so  called,  in  some  forms  of  battery — such,  for  ex- 
ample, as  the  Grove — is  very  great.  It  is  possible 
to  work  40  or  50  wires  out  of  a  single  Grove 
Battery  of  50  cells.  Mr.  Haskins  would  hardly 
be  willing  to  enter  into  a  contract  to  run  a  sepa- 
rate battery  of  the  same  kind  on  each  of  these 
wires  for  the  same  price  that  he  would  the  single 
one,  supposing  the  other  party  to  furnish  the 
batteries  and  he  the  supplies  and  material  con- 
sumed, to  say  nothing  of  the  labor.  The  less  the 
local  action,  however,  the  more  nearly  the  state- 
ment becomes  true.  In  a  carefully  tended  Gravity 
Battery  the  loss  from  local  action  is  very  small. 

The  second  chapter  is  devoted  mainly  to  the  sub- 
ject of  galvanometers.  It  contains  cuts  and  de- 
scriptions of  the  tangent  instruments  of  Bradley 
and  Gaugain,  and  the  "  Universal  "  instrument  of 
Dr.  Siemens,  tog-ether  with  an  explanation  of  the 
principles  of  the  bridge  system  of  measurement, 
an  employed  in  the  last  named  apparatus,  and  also 
u^ed  in  that  of  Gray  &  Barton,  designed  hy  Mr. 
Summers.  The  principle  of  the  differential  and 
of  the  sine  galvanometer  are  explained,  and  full 
and  explicit  directions  for  the  use  of  the  different 
instruments  are  given. 

The  third  and  last  chapter  is  devoted  entirely 
to  formulae  and  tables,  and  is  the  part  that  will,  of 
course,  be  most  useful  to  the  practical  electrician. 
Several  methods  of  ascertaining  the  constants  of 
batteries,  i.  e.,  their  electro-motive  force  and  inter- 
nal resistance,  are  given,  among  them  the  beauti- 
ful method  of  Mance,  and  modification  of  the  same 
by  Sir  Wm.  Thomson,  by  means  of  which  the  re- 
sistance of  a  galvanometer  may  be  found  by  the 
deflection  of  its  own  needle,  and  which  will  be 
new  to  most  American  electricians.  There  is  an 
error  of  oversight  on  page  34,  which  should  be 
corrected  in  an  errata,  as  it  is  calculated  to  mis- 
lead an  inexperienced  person.  In  taking  the 
internal  resistance  of  a  battery  by  the  method 
most  commonly  employed,  the  student  is  directed 
to  "halve  ihe  deflection  by  introducing  resist- 
ance," whereas  he  should,  of  course,  halve  the 
tangent  or  sine  of  the  deflection,  as  the  case  may 
be.  Halving  the  deflection  merely  would  give 
erroneous  results  if  it  were  greater  than  20  deg., 


and  with  a  high  deflection  the  error  would  be  very 
great. 

Most  of  the  tests  given  are  of  course  collected 
from  the  standard  works  on  electricity,  and  ar- 
ranged for  convenience  of  reference.  There  are  a 
number,  however — some  of  them  very  useful  and 
convenient  ones — that  have  never  found  their  way 
into  print  before,  that  we  are  aware  of ;  among 
these  are  the  author's  method  of  separating  the 
insulation  resistance  of  two  different  portions  of 
the  same  line,  Mr.  Varley's  formula  for  the  same, 
and  Mr.  Pope's  method  of  measuring  the  conduc- 
tivity of  a  line  by  the  tangent  galvanometer  with- 
out opening  the  circuit,  and  from  a  way  station. 
There  is  also  a  new  and  good  formula  for  correct- 
ing the  apparent  insulation  resistance  of  a  leaky 
line,  which  is  alone  worth  the  price  of  the  book. 
Sargent's  formula  for  locating  a  cross  by  the  Sie- 
mens galvanometer  is  published  in  this  book  for 
the  first  time,  and  is  very  ingenious. 

The  tables  comprise  units  of  measurement ; 
diameter,  weight,  conductivity  and  resistance  of 
iron  and  copper  wires,  weight  of  insulated  office 
wire ;  electro-motive  force  of  batteries ;  also 
sines,  tangents,  squares,  cubes,  square  roots, 
cube  roots  and  reciprocals,  etc.  A  valuable  origi- 
nal table,  prepared  by  Dr.  E.  A.  Hill,  gives  the 
weight  and  resistance  of  copper,  iron  and  German 
silver  wires  of  all  diameters,  from  1  to  200  miles, 
which  electricians  will  find  very  convenient  for 
many  purposes.  We  would  suggest  that  it  would 
be  well,  in  a  future  edition,  to  give  the  table  ac- 
companying the  Siemens  galvanometer,  as  a  mat- 
ter of  convenience  to  the  large  number  of  elec- 
tricians using  that  excellent  instrument. 

The  publisher  deserves  the  highest  praise  for 
the  manner  in  which  he  has  performed  his  part  of 
the  work.  The  type  is  clear  and  distinct,  the 
paper  excellent,  and  the  binding  neat  and  durable. 
Above  all,  the  proof-reading  seems  to  have  been 
done  with  great  care.  The  blank  leaves  supplied 
at  the  end  of  the  book  will  be  found  very  useful 
for  noting  down  new  formulae  as  they  may  from 
time  to  time  be  brought  to  notice  in  the  tele- 
graphic journals. 

We  hope  this  excellent  little  work  will  meet 
with  the  sale  its  merits  entitle  it  to.  To  every 
telegrapher  who  owns  or  uses  a  galvanometer,  or 
ever  expects  to,  it  will  be  quite  indispensable. 
The  favor  with  which  practical  works  of  this  kind 
are  received  is  one  of  the  most  encouraging  signs  of 
modern  telegraphic  progress. —  The  Teleg raplier. 

statistics  of  the  mlnes  and  mining  in 
the  States  and  Territories  West  of 
the  Rocky  Mountains.  By  Rossiter  W.  Ray- 
mond, United  States  Commissioner  of  Mining 
Statistics.     For  sale  by  Van  Nostrand. 

The  volumes  before  us  form  valuable  supple- 
mentary matter  to  the  former  report  of  Mr.  Ray- 
mond, that  he  entitled  "  Mines  and  Mining  of 
the  Rocky  Mountains,  the  Inland  Basin  and  the 
Pacific  Slope,"  which  appeared  in  the  year  1870. 
They  treat  on  the  statistics  and  state  of  the  mi- 
ning industry  in  the  States  and  Territories  of  Cali- 
fornia, Nevada,  Oregon,  Idaho,  Montana,  Utah, 
Arizona,  New  Mexico,  Colorado,  and  Wyoming, 
with  such  information  added  and  hints  thrown 
out  as  are  likely  to  be  of  use  to  miners,  metallur- 
gists, capitalists,  and  legislators.     The  advantage 
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of  such  reports  is,  that  they  bring  the  collective 
experience  of  miners  and  metallurgists  together  in 
a  reliable  and  condensed  form,  so  that  it  can  be  seen 
at  a  glance  what  processes  are  still  in  use  and  what 
have  been  superseded  or  rejected  as  useless,  thus 
saving  a  waste  of  time  in  experimenting,  and  tend- 
ing to  make  mining  a  permanent  industry,  more 
certain  in  its  character  and  less  speculative  than 
in  years  gone  by.  The  great  difficulty  in  working 
many  American  mines  at  a  profit  arises  from  the 
dearness  of  labor,  which  it  is  probable  may  be 
solved  in  time  by  the  Chinese ;  if  they  are  pro- 
perly managed,  they  make  good  and  conscientious 
workmen,  quick  at  learning  and  easily  trained 
into  skilled  miners,  though  quite  aware  of  their 
own  value  when  they  become  so  ;  yet  the  employ- 
ment of  them  will  tend  to  equalize  wages,  and 
enable  many  owners  to  work  mines  at  a  profit 
which  cannot  be  worked  now  except  at  a  loss.  Mr. 
Raymond,  speaking  of  the  Chinese,  says  they  show 
individual  character  just  as  other  people  do,  and 
treating  them  all  alike  is  a  measure  of  ignorance 
fatal  to  successful  management ;  the  drawback  to 
the  employment  of  them  is  that  they  will  never 
wait  any  time  after  their  pay  is  due,  and  do  not 
appear  to  acquire  confidence  in  their  employers  in 
this  respect,  even  after  long  service.  Another  ob- 
stacle to  their  exclusive  employment  is  the  fre- 
quency and  length  of  their  religious  holidays,  when 
they  leave  a  mine  en  masse  for  a  week  at  a  time. 
Their  great  superiority  over  European  miners  is 
their  fidelity  to  their  bargain  ;  they  can  be  left  to 
their  work,  and  need  no  watching,  as  the  latter  do, 
but  labor  as  consientiously  as  they  would  if  they 
were  closely  watched.  It  seems  a  pity  that  the 
Government  of  the  United  States  should  vote 
such  a  small  sum  for  the  compilation  of  these  sta- 
tistics as  $  10,000.  Mr.  Raymond  estimates  that  the 
smallest  sura  for  which  the  business  of  collecting 
them  could  be  properly  conducted  would  be  more 
like  $25,000.  As  it  is,  voluntary  correspondents 
have  to  be  employed,  and  the  information  they  send 
must  be  taken  as  received,  without  criticism  or  stric- 
ture, which  is  not  so  satisfactory  as  the  employment 
of  paid  agents,  who  would  be  more  under  supervi- 
sion and  control.  It  is  to  be  hoped  that  Congress 
may  be  induced  to  see  this  matter  in  the  same 
light  as  their  Commissioner,  if  only  for  the  sake  of 
the  national  honor ;  as  the  independent  testimony 
of  a  Government  mining  official,  as  found  in  these 
reports,  would  in  many  instances  prevent  the 
foisting  of  worthless  mines  on  European  capitalists, 
or  the  stocking  them  on  this  side  the  water  at 
such  fabulous  amounts  that  a  five  per  cent,  divi- 
dend might  be  looked  upon  as  almost  a  miracle. — 
Trubner's  Literary  Record. 

Results  of  an  Experimental  Inquiry  into 
1\  the  Mechanical  Properties  op  Steel. 
By  David  Kirkaldy.  London:  Testing  and 
Experimenting  Work,  Southwark  street.    1873. 

The  mechanical  properties  of  steel  of  different 
degrees  of  hardness,  and  under  various  conditions, 
manufactured  by  Mr.  Christian  Aspelin,  of  the 
Westanfers  and  Fagersta  Works,  Sweden,  were 
tested  by  Mr.  Kirkaldy,  under  his  own  sugges- 
tions and  conditions,  for  the  purpose  of  exhibi- 
tion at  Vienna,  where  an  extensive  series  of  them 
was  sent ;  and  the  results  are  here  tabulated  with 
illustrative  diagrams.  These  results  were  obtain- 
ed as  the  most  likely  to  interest  and  to  be  of  most 


general  use  to  civil,  mechanical,  mining,  and  mili- 
tary engineers,  and  to  be  of  importance  to  manu- 
facturers of  steel  and  iron.  One  series  were  pre- 
pared for,  and  sent  first  to,  the  Paris  Exhibition 
of  1857.  Another  series  are  entirely  new,  and 
exhibited  for  the  first  time.  None  of  those  tested 
have  been  withheld. — Builder. 

Principles  op  Decorative  Design.  By 
Christopher  Dresser,  F.L.  S..  etc.  Lon- 
don and  New  York:  Cassell,  Peter  &  Galpin. 
For  sale  by  Van  Nostrand. 

The  object  of  this  author  has  been  to  aid  the  art 
education  of  those  who  seek  a  knowledge  of  orna- 
ment applied  to  industrial  purposes. 

The  substance  of  the  present  work  was  em- 
bodied in  a  series  of  articles  in  the  "  Technical 
Educator,"  where  they  were  directed  especially  to 
those  artisans  who  have  daily  to  deal  with  the 
principles  of  decoration,  and  who  have  unfortu- 
nately been  unable  to^obtain  a  paper  education  for 
their  work. 

Many  beside  artisans  or  artists,  however,  may 
reap  substantial  benefits  from  this  timely  work. 

The  book  is  a  thin  quarto,  with  nearly  two  hun- 
dred fairly  executed  illustrations. 

YTotes  on  a  Metallurgical  Journey  in 
li  Europe. — By  John  A.  Church,  Engineer 
of  Mines.     New  York :  D.  Van  Nostrand.     1873. 

The  best  information  we  can  give  of  this  new 
book  is  that  afforded  by  the  explanation  in  the  au- 
thor's preface,  except  that  we  may  properly  urge 
that  a  technical  description  of  European  metallur- 
gical processes  by  so  competent  an  observer  must 
certainly  abound  with  information  which  Ameri- 
can mining  engineers  cannot  well  afford  to  over- 
look. 

"  The  Notes  which  form  the  basis  of  the  few  pa- 
pers that  make  up  this  book  were  taken  solely  for 
private  use,  and  there  was  no  intention  of  making 
them  public  until  after  the  lapse  of  a  considerable 
time.  Their  publication  was  then  undertaken, 
not  because  they  presented  descriptions  of  novel 
processes,  but  because  the  author  found  that  the 
poverty  of  English  technical  literature  in  this 
branch  of  industry  was  such  as  to  be  a  serious  an- 
noyance to  men  engaged  in  the  treatment  of 
American  ores.  They  first  appeared  in  the  col- 
umns of  the  "Engineering  and.  Mining  Journal," 
and  their  reception  has  been  sufficiently  favorable 
to  warrant  this  republication. 

"It  is  frequently  said  that  American  genius 
can  be  trusted  to  devise  its  own  processes,  and 
need  not  go  abroad  for  instruction ;  but  no  one 
who  is  acquainted  with  the  industry,  skill  and  de- 
votion of  European  metallurgists  to  their  work 
can  be  willing  to  lose  the  fruits  of  their  experi- 
ment and  thought.  Few  persons  know  how  much 
labor  and  money  are  spent  by  them  every  year  in 
the  work  of  revising  old-established  processes, 
both  by  laboratory  examination  and  by  experi- 
ments conducted  on  the  largest  scale." 

The  two  years  that  elapsed  between  the  au- 
thor's journey  in  Europe  and  the  publication  of 
these  Notes  was  sufficient  to  bring  about  such 
changes  and  improvements  in  foreign  practice  that 
he  could  no  longer  rely  upon  the  details  of  his 
work,  but  was  obliged  to  collate  it  with  the  latest 
technical  publications  abroad.  He  is  therefore 
indebted  to  many  writers,  and  has  endeavored  to 
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properly  express  this  fact  in  foot-notes  to  each 
paper.  But  he  has  not  described  any  works  that 
were  not  visited  and  carefully  studied  by  him, 
and  trusts  that  the  personal  knowledge  thus 
gained  has  enabled  him  to  appropriate  with  suc- 
cess and  incorporate  with  his  own  the  work  of 
others. 

A  Treatise  on  the  Richards  Steam  En- 
gine Indicator.  By  Chas.  T.  Porter. 
"With  large  additions,  by  F.  W.  Bacon,  M.  E.  New 
York  :  D.  Van  Nostrand.     1873. 

This  newly  revised  edition  of  a  well  known  and 
widely  useful  book  will  doubtless  be  gladly  re- 
ceived by  the  engineering  profession. 

The  examples  and  rules  added  by  the  American 
editor  were  in  the  older  edition  of  great  value  to 
practical  engineers.  The  new  additions,  includ- 
ing as  they  do  results  of  the  most  recent  experi- 
ments of  a  veteran  in  this  field  of  labor,  will  prove 
invaluable  to  the  learner. 

Mr.  Bacon's  mature  judgement,  ripened  by 
many  years'  labor  among  steam  engines,  gives  a 
weight  to  his  instructions  which  his  co-laborers 
already  know  how  to  value. 


MISCELLANEOUS. 

fPHE  Great  Bell  at  Mengoon,  Upper  Bur- 
-L  MAH. — This  bell  is  said  to  be  the  largest  and 
heaviest  in  the  world,  except  the  Cathedral  bell  of 
Moscow.  From  the  lip  to  the  top  of  the  shackle 
it  measures  20  ft. ;  at  the  lip,  which  is  its  largest 
diameter,  it  is  16  ft.  4  in.  inside  ;  at  the  height  of 
5  ft.  9  in.  from  the  lip,  it  is  10  ft.  in  diameter ; 
and  at  the  top,  inside,  it  is  7  ft.  1 1  in.  The  metal 
—  cast  iron — of  which  the  shackle  is  composed,  is 
21  in.  in  diameter.  Two  griffins  are  cast  solid  on 
to  the  top  of  the  bell,  and  between  them  the  eye 
is  formed  for  the  pin  which  connects  the  shackle, 
and  by  which  the  bell  is  suspended.  It  stands  on 
a  low  terrace,  on  either  end  of  which  two  brick 
and  mortar  piers  are  built.  The  piers  enclose 
massive  teak  wood  frames,  which  give  strength  to 
the  whole  structure.  Three  wooden  beams  are 
laid  across  from  pier  to  pier,  and  the  bell  swung 
free  between  them  till  an  earthquake  occurred  in 
1839,  which  shook  the  piers,  when  it  was  found 
necessary  to  put  wooden  supports  underneath  to 
carry  the  weight ;  so  it  does  not  now  swing  free, 
and  consequently  emits  no  sound.  The  weight  of 
the  bell,  pin,  and.  shackle  altogether  is  about  90 
tons,  and,  with  the  very  rude  appliances  the  Bur- 
mese have  for  engineering  of  any  kind,  it  is  an 
astonishing  piece  of  work. 

(Casting  the  Standard  Metre. — An  impor- 
)  tant  step  has  been  taken  in  the  carrying  out 
of  the  decisions  of  the  international  Metric  Com- 
mission which  met  at  Paris  in  October  last  year. 
The  form  and  mode  of  execution  of  the  standard 
metre  having  been  settled,  the  Commission  in- 
trusted to  the  French  section  the  manufacture  and 
comparison  of  the  new  metres  with  the  original 
standard  in  the  archives  of  France.  We  learn 
from  "  Les  Mondes  "  that  before  proceeding  to  cast 
the  definitive  metres,  the  French  Commission  has 
thought  it  advisable  to  execute  the  first  types, 


with  which  to  test  successively  all  the  methods 
that  will  ultimately  be  applied  to  the  definitive 
metres.  The  first  experiment  took  place  in  the 
laboratory  of  M.  H.  Sainte-Claire  Deville,  who, 
with  the  assistance  of  M.  Debray,  has  succeeded 
in  obtaining  the  iridio-platinum  alloy  perfectly 
pure.  The  operation  of  casting  this  first  inter- 
national metre  was  considered  of  so  much  impor- 
tance that  the  President  of  the  Republic  and  some 
of  his  Ministers,  and  other  eminent  Frenchmen, 
"  assisted  "  at  it.  Nine  kilogrammes  of  platinum, 
with  one  kilogramme  of  iridium,  were  melted  under 
the  action  of  the  oxhydrogen  flame  from  a  blow- 
pipe in  three  quarters  of  an  hour.  The  ingot  was 
then  cast,  perfectly  limpid,  in  a  mould  formed, 
like  the  furnace  itself,  of  a  block  of  carbonate  of 
lime,  whose  interior  walls  alone  were  burned 
under  the  influence  of  the  excessive  temperature 
which  was  developed ;  consequently  with  this 
substance  there  is  no  risk  of  breakage.  The  metal 
was  allowed  to  cool  in  the  mould,  and  preserved 
its  bright  surface ;  in  this  condition  it  will  be 
submitted  to  all  the  processes  necessary  to  give 
it  the  definitive  form  which  it  ought  to  possess. 
The  operation  was  considered,  by  all  who  wit- 
nessed it,  as  perfectly  successful.  Knginetring 
and  Mining  Journal. 

Zincing  Iron. — The  following  is  an  excellent 
and  cheap  method  for  protecting  iron  articles 
exposed  to  the  atmosphere,  such  as  cramp  irons 
for  stone,  etc.,  from  rust :  They  are  to  be  first 
cleansed  by  placing  them  in  open  wooden  vessels, 
in  water,  containing  three-fourths  to  one  per 
cent,  of  common  sulphuric  acid,  and  allowed  to 
remain  in  it  until  the  surface  appears  clean,  or 
may  be  rendered  so  by  scouring  with  a  rag  or  wet 
sand.  According  to  the  amount  of  acid,  this  may 
require  from  6  to  24  hours.  Fresh  acid  must  be 
added  according  to  the  extent  of  use  and  of  the 
liquid,  and  when  this  is  saturated  with  sulphate 
of  iron,  it  must  be  renewed.  After  removal  from 
this  bath,  the  articles  are  rinsed  in  fresh  water, 
and  scoured  until  they  acquire  a  clean  metallic 
surface,  and  then  kept  in  water  in  which  a  little 
slaked  lime  has  been  stirred,  until  the  next  opera- 
tion. "When  thus  freed  from  rust  they  are  to  be 
coated  with  a  thin  film  of  zinc,  while  cold,  by 
means  of  chloride  of  zinc,  which  may  be  made  by 
filling  a  glazed  earthen  vessel,  of  about  two-thirds 
gallon  capacity,  three-fourths  full  of  muriatic 
acid,  and  adding  zinc  clippings  until  effervescence 
ceases.  The  liquid  is  then  to  be  turned  off  from 
the  undissolved  zinc,  and  preserved  in  a  glass 
vessel.  For  use  it  is  poured  into  a  sheet  zinc 
vessel,  of  suitable  size  and  shape  for  the  objects, 
and  about  1.30  per  cent,  of  its  weigh  t'of  finely  pow- 
dered sal  ammoniac  added.  The  articles  are  then 
immersed  in  it,  a  scum  of  fine  bubbles  forming  on 
the  surfacejin  from  one  to  two  minutes,  indicative  of 
the  completion  of  the  operation.  The  articles  are 
next  drained,  so  that  the  excess  may  flow  back 
into  the  vessel.  The  iron  articles  thus  coated 
with  a  fine  film  of  zinc  are  placed  on  clean  sheet 
iron,  heated  from  beneath,  and  perfectly  dried, 
and  then  dipped  piece  by  piece,  by  means  of  tongs, 
into  very  hot,  though  not  glowing,  molten  zinc, 
for  a  short  time,  until  they  acquire  the  tempera- 
ture of  the  zinc  having  been  cleaned  with  an 
iron  spoon.  They  are  then  removed  and  beaten, 
to  cause  the  excess  of  zinc  to  fall  off. 
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